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Forward-Looking Statement

This planning document contains forward-looking statements. Forward-looking statements include
statements concerning plans, objectives, goals, strategies, future events and other statements that are
other than statements of historical facts. NW Natural’s expectations, beliefs and projections are expressed
in good faith and are believed to have a reasonable basis. However, each such forward-looking statement
involves uncertainties that could cause the actual results to differ materially from those projected in such
forward-looking statements.

All subsequent forward-looking statements, whether written or oral and whether made by or on behalf of
NW Natural also are expressly qualified by these cautionary statements. Any forward-looking statement
speaks only as of the date on which such statement is made. New factors emerge from time to time and it
is not possible for NW Natural to predict all such factors, nor can it assess the impact of each factor or the
extent to which any factor, or combination of factors, may cause results to differ materially from those
contained in any forward-looking statements.

The forecasts and projections included in this document have been developed for the purposes of
integrated resource planning and should not be used for investment decisions. Disclosure of this
information or use of the information for investment purposes could constitute a violation of federal
securities laws.




NW Natural 2016 Integrated Resource Plan
Table of Contents

TABLE OF CONTENTS

Chapter 1: Executive Summary

1.

2.
3.
4

OVBIVIBW ...ttt ettt ettt et e e e ettt e e e e e s e s abb et e e e e e e e s assseeaeeeesessassbeaeeeeesasannnnes 1.1
Highlights of Changes in 2016 Integrated Resource Plan.........ccccocvveevvviiieiincieee e, 1.7
PrinCipal CONCIUSIONS .....vviiiiiiee ettt et e e et re e e e earae e e e nbae e e enraeas 1.13
Multiyear ACHION Plan .....cii ittt e s s e e s 1.18

Chapter 2: Gas Requirements Forecast

1.

Lo Nk WN

[ERY
o

Overview of Gas REQUIFEMENTS ........ueiiiiiieei ettt e e e e e avae e e eareeas 2.1
0T 4 Te] o F- | I toleTx Vo T3 0V APPSR 2.1
N T =Y B G- 1 [0TSR 2.3
Overview of Load Forecast Methodology ......c.ccceoevieeeiciiii i 2.7
CUSTOM T FOIBCASTS - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eneeens 29
[[aTe [V A W o =T Il ol o =T ok 1) PSP 2.32
Emerging Markets Load FOrECaSt ......cccvuiiiiiiiie ettt ettt 2.33
System Peak Day Usage FOreCast .....c.uuuvivciiiiiiciiieeciiee ettt e st e e ssaee e 2.35
ANNUAl ENErgY FOrECAST ...ciiciiiiieiiie ettt e et e e s aba e e e s ereeas 2.49
[NCE1 2 S 1T [T g4 P 2.56

Chapter 3: Supply-Side Resources

1.

W X N R WN

[ Y
N 2O

OVBIVIBW ...ttt ettt ettt et e ettt e e e e e ettt e e e e e e e anareeeeeeeeeeannnsneeeeeeeeaaannnenes 3.1
CUITENT RESOUICES ...eiiiiiiiiiiiiiiiiitee ettt ettt e e e e s s s nrne e e e e e e s s annnes 3.3
RISK ElEMENTS ...ttt et ettt e e st e e sabe e sateesabaeesabeesans 3.11
Changes in the Existing Resource Portfolio........cccccuveeeeciieeieciiie e 3.19
NW Natural’s LNG Plant Projects.....cccccueeiiecieie ittt seeee e eseee e 3.23
Mist Asset Management ProjeCT ......uuuuuuuuuieiiieiiieiii e 3.24
FUture RESource AItEINAtiVES ......c.vicceeieiee et e et eeese et e e st esaee e snree e 3.29
Gas Supply Portfolio Acquisition STrategy .....ccceeeveciieeiieiiee e 3.42
Supply-side Resource DispatChing.........ccccuieeieciiie e e e 3.44
Supply Diversity and Risk Mitigation PractiCes.........cccceeeecivieieciiieeecciiee e 3.44
RECENT ACTION SEEPS . iiiiiiiiiiiiitiiee ettt s e e e e e e s e s sbbraeaeeessesssssrnnes 3.55
Recap and Key FINAINGS ....cc.uuviiiiiieii ettt e e e e e e e are e e e e e e e e nnnnnes 3.58

Chapter 4: Energy Policies and Environmental Considerations

1.

vk W

OVBIVIBW ...ttt ettt ettt e e e e ettt e e e e e s e bttt e e e e e e e ansbeeteeaeeesanssaeeeeeeeseaannnnnes 4.1
Greenhouse Gas EMISSIONS OVEIVIEW .......eiiiviieriiiiiieeeiiiiee e eniteeessieeesssieeessssveeessnveeas 4.2
Pricing Carbon: Legislative and Regulatory Landscape ........cccccceeevuveeeeccieeeeeciieee e, 4.8
Current Company Efforts to Address Greenhouse Gas EMisSSiONS .........cccceeeecuveeeennns 4.14

Renewable Natural Gas (RNG).........oooiiiiiiieiiee ettt et 4.21



NW Natural 2016 Integrated Resource Plan
Table of Contents

Chapter 5: Avoided Costs

1.

2.
3.
4

OVBIVIBW ...ttt ettt ettt e ettt et e e e s e e et e e e e e e e nere et ee e e e e e nnnnreeeeeeeseannnnnes 51
Avoided Cost MethOdOIOZY .....ccccviiiiiiiiiiieiiie e e e e e s ssaeeeeas 5.4
AVOIdEd COSES RESUILS...uiiiiiiiiieieciiieeeetiee ettt et e st e e s e sabre e e s saba e e e sabaeeessnsreaeean 5.9
Key Findings and ACtiON HEMS.......uuiiiiciie ettt e e eree e e bae e e areeas 5.17

Chapter 6: Demand-Side Management

1.

©® N U he WwN

OVBIVIBW ...ttt ettt e ettt e e e e s e e et e e e e e s e nere e eee e s e e e nnsnreeeeeeesenannnnnes 6.1
Energy Trust Resource Assessment Economic Modeling Tool .........cccoveveeeiieccinnieennnn. 6.1
Methodology for Determining Cost-Effective DSM Potential ..........cccocevveeivcvieeecnnen. 6.3
Program Funding and Delivery: Oreg0N .......c.ueieecuieeeeciiee et e vee e e 6.19
Program Funding and Delivery: Washington........cccccoevvieiiiiiei i e, 6.21
Load Management and Demand RESPONSE......cccccuieeeeiieeeeeiiieeecereeeeeereee e eeveeeeenreeas 6.23
Distribution System Planning and Demand-Side Management ..........cccccceeevveeeennnenn. 6.23
Geographically Targeted DSM Pilot via Enhanced and/or Accelerated DSM

(0] 1T a1V =L USRI 6.31
Key Points and ACtioN [EBMS ....cccouiiiii ettt et e e 6.33

Chapter 7: Distribution System Planning

1.

2.
3.
4

Y

OVBIVIBW ...ttt ettt ettt e e e ettt e e e e s e ettt e e e e e e s anareeeeeeeeeeannnsbeeeeeeeeaaannnnnes 7.1
Background and Existing Distribution System .........cccevviiiiiiiiiii e, 7.1
Distribution System Planning Methodology.........ccccveeiiiiieeciiiie e 7.3
Significant Potential High-Pressure Transmission and Distribution System

[ Y oY o1 T o= ad o =Tt £ P 7.10
Other Distribution System Projects: Clark County, Washington ............ccccceeecveeeennns 7.14
KEY FINAINGS ettt e e e e e e e e e et e e e e e e s e e eanbrareeeeeeeennnsrnns 7.15

Chapter 8: Linear Programming and the Company’s Resource Choices

1.

vk wnwN

System Planning OVEIVIEW ......c.uuiiiieuiiee e et e eettee e tte e e e e tte e e e eate e e e erteeeeesseeeaeennes 8.1
Resource Planning Model RESUILS .......ccvvieiiiiiiicieee ettt e 8.4
SOULN SIEM FEEUET ....cieiii ettt et e e e e saa e e sate e sbeeesnree s 8.14
[ T oY o1 o= @] g Tl [ o o |3 SRR 8.18
[NCEIY 2 ST T T o= 4 PSP 8.18

Chapter 9: Stochastic Supply Resource Risk Analysis

1.

2
3.
4

2Tl =4 Lo 10 Vo [P 9.1
Stochastic SIMulation OVEIVIEW .......ceeviiiiecciiieeee et rrrre e e 9.2
Stochastic Risk ANalysis RESUIS .......c.uuiiiiiiiiie it e 9.7

[NCEI 2 ST T g4 SR 9.14



NW Natural 2016 Integrated Resource Plan
Table of Contents

Chapter 10: Public Participation
1. Technical WOrKiNg GrOUP .....uuiiiiiiiiecieie ettt e et e s e e e s e e s s nbee e e s e 10.1
2. [0 o] [ ol 2T ol o F- 1 A o] o WSS 10.2

Appendix 1: Regulatory Compliance

I (04 =T={o] W @(o]1 o o] [F- ool TSP 1A1
. Washington CoOmMPlIaNCe......coccuiiii ittt eecvte e e s e bae e e e eanes 1A9

Appendix 2: Gas Requirements Forecast

l. Technical Details of Residential Customer FOrecasts.......ooocvvveieiiiecnveeeeeeeeeiierveennne. 2A.1
. Technical Details of Commercial Customer FOrecasts .......ccccccovvvvnvvveeereeeiiccnveennnnn. 2A.18
1. Residential/Commercial Customer AllOCatioNS.........covcvieiiviiieeiviiiee e 2A.30
V. Use Per Customer: Peak Day FOreCast.....cccuvviiiiiriiieeiiiiieeesciteeeecrieeeesvieee e sveeee s 2A.34
V. Use Per Customer: ANNUAl FOr@CAST ... ..uuuuuuruiiiiririiiiiriiiiiiiriierirerararesanararesarasaraaaaaaa... 2A.57

Appendix 3: Supply-Side Resources
I Mist Storage Facility Assessment (Confidential) ......cccccveeieeeiiiieeceicceecee e 3A.1

Appendix 5: Avoided Costs
T VoY [ [=Te [ 0e 1] 3R PROTURRRNt 5A.1

Appendix 6: Demand-Side Management

I Oregon 20-Year Cost-Effective DSM Savings Projection ........ccccccevcvveeeivcieeeiicieeeennns 6A.1
Il. Washington 20-Year Cost-Effective DSM Savings Projection........ccccceeevvcveeeiinneennn. 6A.4
II. Oregon 20-Year Cumulative Potential.......ccccccveiiieciiiiiciiee e 6A.7
IV.  Washington 20-Year Cumulative Potential .........cccceevvciiiiiicieii e 6A.10
V. Emerging TEChNOIOZY MEASUIES........cccccuiiiiiiiieeeecieee ettt et e e e ae e e e sbeeeeeenes 6A.13
VI. Final Load FOrecast (POST-DSIM).......cccouvveiiiiiieeeeetieeeeeereeeeeetreeeeeetreeeeeetveeeesareeeeenns 6A.14

Appendix 7: Distribution System Planning

I Cost of Alternatives for Sherwood/124™ Avenue Extension Project ....ccovvveeecieeennnns 7A.1
Il. Cost of Alternatives for Southeast EUEENe Project ........coceevevcieeeiecieeeeecieeeeecieee e 7A.2

Appendix 8: Linear Programming
I Linear Programming SCENAMIOS ....ciiiivrcuiiiieieeeiireiiriteeeeeeesssitreeeeeesesssssrrseeeeessssssssnnns 8A.1

Appendix 10: Public Participation
I Technical Working Group Sign-In Sheets.........ccccvveeieecciiieeeee e, 10A.1
LR = 11 I s Ty =Y o o USRS 10A.7



Chapter 1
Executive Summary



NW Natural 2016 Integrated Resource Plan
Chapter 1
Executive Summary

1. OVERVIEW

This Executive Summary provides an overview of the key findings in NW Natural’s 2016 Integrated
Resource Plan (IRP) and includes the Company’s multiyear action plan. NW Natural develops a long-term
resource plan with a 20-year planning horizon on approximately two-year cycles, with this IRP covering
the 2016-2035 timeframe. The primary goals of the IRP are to 1) identify customers’ future gas needs
(i.e., forecast load); 2) determine the options available to meet those needs (i.e., identify supply-side
and distribution resource options); and 3) identify the portfolio of resources with the best combination
of expected costs and associated risks and uncertainties for the utility and its customers through
rigorous analysis of both costs and risks.

1.1. About NW Natural

NW Natural is a 157-year-old natural gas local distribution and storage company headquartered in
Portland, Oregon. NW Natural serves over 714,000 customers in Oregon and Washington. The service
territory includes the Portland-Vancouver metropolitan area, the Willamette Valley, much of the Oregon
Coast, and a portion of the Columbia River Gorge. Approximately 89 percent of NW Natural’s customers
reside in Oregon, with the other 11 percent in the state of Washington. Residential customers comprise
roughly 90 percent of the customer base.

Figure 1.1 — NW Natural’s Service Territory

11
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1.2. Guidelines for Integrated Resource Planning

The Oregon requirements for Integrated Resource Planning as set forth in the Oregon Administrative
Rule (OAR) 860-027-400 and the Washington requirements as set forth in Washington Administrative
Code (WAC) 480-90-238 can be broadly summarized in the following seven actions:

Examine a range of demand forecasts;

Examine all feasible means of meeting demand;

Treat supply-side and demand-side resources (DSM) consistently;

Describe the Company’s long-term plan for meeting expected load growth;
Describe the Company’s plan for resource acquisitions between planning cycles;
Take uncertainties in planning into account; and

Involve the public in the planning process.

NoukwnNeE

1.3. NW Natural’s 2014 Integrated Resource Plan

At the time of the 2014 IRP, the Oregon economy and the Clark County, Washington, areas were
improving. Clark County had been forecasted to be the third-fastest growing county in the Pacific
Northwest." The Company had just experienced 1.3 percent customer growth in 2013. Gas prices were
at historic lows, fueling plans for the development of numerous LNG export plants with locations from
Coos Bay to the northern British Columbia coast. Equally, lower gas costs were negatively impacting the
cost-effectiveness of DSM programs prompting the investigation of cost-effectiveness by both the
Oregon and Washington Commissions.

At the same time, during the 2013—2014 heating season the Pacific Northwest experienced a couple of
severely cold weather events and for the first time Northwest Pipeline (NWP), the primary interstate
pipeline that serves the Company’s service territory, curtailed a resource that was previously in the
Company’s firm resource stack.’ Against this backdrop and with improved system flow modeling, the
2014 IRP plan indicated that the Company needed immediate resources and would continue to need
resources over the planning horizon, as shown in figure 1.2.

! Woods & Poole forecast Clark County to have the third-highest rate of population growth of all 119 counties in
Idaho, Oregon, and Washington over the period 2010 through 2040. Woods & Poole is a commercial provider of

economic and demographic forecasts.

> Public Utility Commission of Oregon, Docket No. UM 1622 and Washington Utilities and Transportation

Commission, Docket No. UG-121207.

* On Dec. 6, 2013, NWP curtailed service on its pipeline used to transport supplies from the Plymouth LNG
Storage.

1.2
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Figure 1.2: 2014 IRP Resource Deficiency Through Time

2014 IRP Resource Deficiency Through Time
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This serves as a starting point for NW Natural’s planning process associated with the 2016 IRP. The next
step is to do an environmental scan and take note of the planning environment.

1.4. Current Planning Environment

Since the 2014 IRP was filed, there have been several significant and continuing trends that should be
noted.

Oregon and Clark County economies continue to improve
The economy of NW Natural’s service area is, by some measures and on the whole, now fully recovered

from the recession of 2007-2009. Figure 1.3 shows employment” indices for certain geographies related
to NW Natural’s service area.’

4 Employment is nonfarm employment for Oregon and the Portland MSA and total employment for Clark County.

Values underlying 12-month moving averages are not seasonally adjusted. Source for Oregon and Portland MSA
employment is the Federal Reserve and, for Clark County, the Washington Employment Security Department.
Dates of U.S. recessions are from the National Bureau of Economic Research (NBER).

> Please see figure 2.1 in chapter 2 for more information on this chart.

1.3




NW Natural 2016 Integrated Resource Plan
Chapter 1
Executive Summary

Figure 1.3: Employment as Percentage of Prerecession Levels

Employment as Percentage of Prerecession Levels
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Gas prices continue to decline

As mentioned previously, at the time of the 2014 IRP gas prices were lower than the average price over
the previous 20 years. Following the 2014 IRP, gas prices have remained at historically low levels as can

be seen in figure 1.4.°

® Please see figure 2.3 in chapter 2 of this IRP for more information about this chart.
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Figure 1.4

Henry Hub Natural Gas Spot Prices
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Further, while gas prices have remained low, most current gas price forecasts suggest that prices have
bottomed out and will begin increasing as can be seen in figure 1.5.”

’ Please see figure 2.5 in chapter 2 for additional information.
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Figure 1.5

Henry Hub Spot Prices
2016 IRP and Other Forecasts
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One significant effect of lower prices from a planning perspective is that it reduces avoided costs and
hence the cost-effectiveness of certain DSM measures, and consequent demand-side resources (more
on this below).

Potential for new large loads muted, but remains

The shale gale that was alluded to earlier was a dominate theme in the 2014 IRP and a major underlying
factor in the numerous proposals for LNG export facilities along the West Coast.? In addition, Northwest
Innovation Works (NIW) had recently announced their proposal to build three methanol plants.’ Since
that time, there has been a reduction in the number of LNG plants moving forward. Amongst the two
planned LNG export facilities most impacting the Company’s planning, Oregon LNG and its attendant
pipeline (Washington Expansion) have withdrawn from the FERC application process.', "'Although
currently in the process of Rehearings for Further Consideration, FERC denied requests for certificate
authority to build and operate Jordan Cove and its attendant pipeline, Pacific Connector.™

® At one time, at least 20 LNG export facilities were proposed for the West Coast of North America.

° The Oregonian, Jan. 23, 2014 — Two $1 billion refineries planned for region and the Tacoma News Tribune April
24,2014,

10 SNL, May 11, 2016 Northwest Pipeline abandons project tied to canceled Oregon LNG.

X NWP refers to the hypothetical successor of the Washington Expansion project as Sumas Express.
12 FERC Docket Nos. CP13-483-001 and CP13-492-001 and SNL, March 14, 2016 FERC rejects Jordan Cove LNG
export project, Pacific Connector pipeline.
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Additionally, a similar scaleback in plans has occurred with NIW’s methanol plans. In the 2014 IRP, it was
envisioned that three plants could be built—two in Washington (Tacoma and Kalama) and one in
Oregon (Clatskanie). Recently, NIW announced that it is no longer pursuing the Tacoma site while
planning for operations at the Kalama and Clatskanie sites would continue.”

The development of any high-pressure transmission pipeline on which the Company could acquire
capacity will be primarily driven by one of these large load projects and secondarily by NW Natural and
other regional loads.

State-level environmental regulation gains traction

Both Oregon and Washington have seen proposals brought up in their legislative sessions to address
carbon emissions. In Oregon, the Clean Electricity and Coal Transition Plan (Senate Bill 1547) passed
while Senate Bill 965, which sought to establish a cap and dividend system, failed. Further, the 2015
Oregon Legislature passed Senate Bill 324 allowing Oregon DEQ to fully implement the Clean Fuels
Program in 2016.

Likewise, in Washington Governor Inslee directed the Department of Ecology (Ecology) to use its existing
authority under Washington’s Clear Air Act to adopt a rule limiting GHG emissions. Ecology is expected
to have final rules out in the fall of 2016 with compliance requirements effective beginning in January
2017.

Pipelines remain at capacity

While decontracting might be an issue for other pipelines, the situation is different in the Pacific
Northwest. Capacity on Northwest Pipeline, which provides most of NW Natural’s interstate capacity, is
fully contracted northbound through the Roosevelt Compressor station and fully contracted southbound
through the Chehalis Compressor station.™ It is also anticipated that, as more electricity is generated
using natural gas, existing pipelines will become even more constrained.”

Thus, for planning purposes, the 2014 IRP is the starting point. Then, it is important to do an
environmental scan to understand the changes to the planning environment. The next step is to update
NW Natural’s actual results, assumptions, and to continually improve the Company’s planning practices.
The following section highlights the improvements NW Natural made in the 2016 IRP.

2. HIGHLIGHTS OF CHANGES IN 2016 INTEGRATED RESOURCE PLAN

NW Natural has made numerous improvements in its 2016 IRP. The Company discusses these in more
detail in each relevant chapter, but the following list summarizes these with a brief description of
improvements made.

B port of Tacoma, April 19, 2016 news release.
" Northwest Pipeline’s NW Natural 2016 IRP Technical Working Group Presentation Feb. 10, 2016.
> See Northwest Gas Association’s 2015 Gas Outlook — Regional System Capacity, page 15.
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2.1. Customer Growth

As recommended by NW Natural’s stakeholders, the Company increased the timeframe of historical
observations used in its residential and commercial customer forecast models from six years in the 2014
IRP to 25 years in the current IRP. The Company also tested additional variables to help provide more
explanatory power to its econometric forecasts. The resulting customer growth rates are lower overall
from the previous IRP as shown in table 1.1.%

Table 1.1: Comparison of System Average Annual Growth Rates

Customer Type 2014 IRP 2016 IRP
Residential'’ 1.8% 1.7%
Commercial™® 1.4% 1.0%

2.2. Peak Day Use Per Customer

The Company materially revised how it estimated its peak day forecast. Changes were made related to
changes in weather measurement, use of SCADA data instead of billing data, and use of an hourly
averaged daily data, figure 1.6 is a side-by-side comparison of the major changes in weather
measurement.”

Figure 1.6

'® please see table 2.3 in chapter 2 for additional information.

" For Residential the comparison is between years 2015-2032 for both IRPs.

'® For Commerecial the comparison is between years 2015-2030 for both IRPs.

'* please see Section 8, System Peak Day Usage Forecast in chapter 2 for additional information.

1.8
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These changes, along with changes in the customer forecasts and the demand-side resources forecast,
result in a peak load forecast that is slightly higher in the near-term and lower in the later years of the
planning horizon. This comparison, along with the changes to avoided costs and DSM discussed below,

can be seen in figure 1.7.
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2.3. Average Annual Usage Per Customer

New to the 2016 IRP, the Company moved from modeling this as a nonlinear model to a piecewise linear
function of temperature. Additionally, NW Natural included a nonincentivized annual use per customer
trend. These changes in addition to updated incentivized cost-effective energy-efficiency result in the
residential average annual use per customer declining at an average annual rate of -0.3 percent per year
(base load: -1.1 percent; heat load: 0.1 percent). Commercial average annual use per customer is
declining at an average annual rate of -1.2 percent per year (base load: -1.9 percent; heat load: -0.3

percent).”

2% please see chapter 2, section 9 Annual Energy Forecast for more information.

1.9
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2.4. Avoided Costs

NW Natural made major methodological changes to the avoided cost calculation.”* Costs associated with
incremental supply and distribution capacity resources are now included, which requires that the
expected peak day savings of each DSM measure be considered in addition to the total annual savings,
as different end uses have dramatically different on-peak implications. A hedge value associated with
mitigating price volatility that includes both a risk premium and a credit facility cost is also included.
Please see figure 1.8 for a comparison of the change in avoided costs for both Oregon and Washington,
where the horizontal axis represents year of the planning horizon (Year One is 2013—14 in the 2014 IRP
and Year One is 2016-2017 in the 2016 IRP.?

Figure 1.8

2.5. Inclusion of an Incremental Carbon Adder

Carbon regulation at the state level has gained traction and the Company believes there will likely be
state carbon regulation in Oregon, Washington, or both states within the planning horizon. It is
unknown as to what such regulation will look like for either state at this time.”> Will it be a carbon tax?
A cap and trade system? A cap and invest system? And at what price? And with what levels of
allowances or thresholds? There is still a high degree of uncertainty as to what specific regulation will
look like.

*! please see chapter 5 for detailed information on avoided cost calculations.

*? please also refer to figure 5.6 in chapter 5 for the similar charts based on calendar years.

> As discussed in chapter 4, earlier in this chapter as well as later, the Company does anticipate carbon regulation
rules being finalized in Washington by the Department of Ecology with an implementation date of January 2017.

1.10
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Thus, as a proxy for costs related to complying with future state regulation, the Company included an
incremental carbon adder in its Base Case as well as alternative scenarios with varying levels of
incremental carbon adders. The Base Case carbon adder was included in avoided cost, increasing the
cost-effectiveness of some DSM measures and in turn increasing the level of available demand-side
resources.

2.6. DSM Methodology

In addition to the aforementioned changes relating to avoided costs, Energy Trust of Oregon is using a
new resource assessment model for the 2016 IRP. Figures 1.9 and 1.10 show a comparison of the cost-
effective energy-efficiency savings projections between the 2014 and 2016 IRPs for both Oregon and

Washington.”

Figure 1.9

* please see chapter 6 for more information with regard to demand side forecasts.

1.11
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Figure 1.10

2.7. Continued Refinement of System Flows in SENDOUT’

The Company continued to refine and improve its modeling of the system in SENDOUT". As will be
explained in detail in chapter 3, the Company has improved its modeling and now certain gate stations
are grouped together eliminating previously modeled limitations. Further, the Company continues to
disaggregate load centers to have greater visibility into actual flow characteristics as in the case of Salem
and discussed in more detail in chapter 8.

2.8. Distribution System Planning

The Company has developed hourly peak loads by load center and has continued to improve the
granularity of its system flows. Additionally, when evaluating distribution system reinforcements, NW
Natural has (1) implemented a new prospective planning process looking out 10 years and (2) adopted
and documented specific criteria to assist in identifying system reinforcement issues and establishing
their priority for being addressed for both transmission and high-pressure distribution systems. When
combined, these improvements in the planning process require that additional resources be applied to
distribution system planning, but these improvements also allow evaluation of accelerated,
geographically targeted DSM as a potentially viable option for meeting any projected deficiencies in the
distribution system.”

% please see chapter 7 for more information on Distribution System Planning.

1.12
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2.9. Risk Analysis

As recommended by NW Natural’s stakeholders, the Company has developed a more sophisticated
stochastic risk analysis for this IRP.*

These changes represent the highlights of some of the improvements that the Company has made to the
2016 IRP. Numerous other improvements were made and these are covered either in each respective
chapter or within the supporting documentation. The Company will continue to work with stakeholders
to improve its planning abilities.

3. PRINCIPAL CONCLUSIONS

Based on these improvements and their attendant analyses, NW Natural has reached the following
principal conclusions. While the Company discusses each conclusion, as with the changes, in more detail
in the relevant chapter, below is a summary of findings.

Combining the impacts discussed above allows NW Natural to determine its resource position—how
resource deficient or sufficient the Company is over the planning horizon—in order to establish the level
of resource acquisitions necessary to reliably serve customers. As such, there are resource deficiencies
in all scenarios NW Natural examined. As shown in figure 1.11, NW Natural’s Base Case shows a
resource deficiency of 30,000 Dth/day for the 2019-2020 winter, which grows to 270,000 Dth/day by
2035-2036. This resource deficiency is due to load growth, changes in peak day demand, and changes in
the near-term resource stack while being partially offset by an increase in demand-side resources.

*® please see chapter 9, Stochastic Supply Resource Risk Analysis for more detailed information.
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Figure 1.11

In all cases, NW Natural will use Mist Recall in the short- and medium-term but still requires additional
resources over the planning horizon. Figure 1.12 shows what the least-cost portfolio would be both with
and without the availability of a new regional pipeline. As can also be seen below and discussed in
another principal conclusion, both scenarios, in addition to Mist Recall, select the Christensen
Compressor and North Mist lla as least-cost resources.
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Figure 1.12

As mentioned previously, either with or without a new regional pipeline and with the exception of the
low-growth scenario, the Christensen Compressor and North Mist lla are part of the resource
portfolios. Further, even in the low-growth scenario (as shown in figure 1.13), the Christensen
Compressor is selected as a least-cost resource. In the Base Case scenario, the Christensen Compressor
project is needed in the 2022 timeframe (figure 1.12).
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Figure 1.13
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Except in the low-growth scenario, there is a need for future pipeline capacity to meet future winter
energy needs. However, there is still a high degree of uncertainty regarding proposed regional gas
projects (such as methanol/feedstock plants and the Jordan Cove LNG export facility) and the
prospective interstate pipelines needed to serve them (Trail West, Pacific Connector, or a regional
expansion by Northwest Pipeline south from Sumas).

This uncertainty surrounding regional projects—which are beyond NW Natural’s control—makes it
difficult to select a specific long-term gas supply resource portfolio, as the optimal set of resource
additions depends on which scenario unfolds. Additionally, the range of present values of revenue
requirement (PVRR) for the various portfolios including prospective resources ranges from $5,275
million to $5,293 million highlighting that there is not much difference in the PVRR between the
different prospective pipeline projects.

Mist is a valuable resource that provides customers with unique flexibility. As the Company becomes
more reliant on Mist over the planning horizon, it becomes even more imperative that the facility

Pj

operates as planned. To this end, and as part of NW Natural’s other storage plant efforts, the Company

commissioned an Asset Management Study for the long-term maintenance of Mist.

Deploying accelerated Demand-Side Management programs may be the least-cost incremental resource

and may serve to either defer or possibly eliminate the need for gas distribution system enhancement

projects in a timely manner. However, while theoretically sound, it is an unproven resource with respect
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to peak management. Further, the Company’s load profile is getting “peakier” over time with numerous
implications for resource planning and specifically for demand-side resources.

Therefore, the Company is working with Energy Trust of Oregon to scope and implement an accelerated
demand-side management pilot project to be constrained to a limited geography and focused on peak
hour load reductions. The objective of this pilot is to measure and quantify the potential of demand-side
management to cost-effectively delay or avoid system enhancement projects. Further, the pilot will
assist in providing process-related experience such as screening procedures for candidate areas,
assessing the firmness of acquired peak DSM reductions, establishing the timeframes necessary for
achieving specific levels of reductions, as well as many other aspects. For additional information on this
pilot, please refer to chapter 6, Demand-Side Resources.

NW Natural expects implementation of incremental environmental regulation at the state level. In
Washington, Governor Inslee directed the Department of Ecology to adopt a rule that limits greenhouse
gas (GHG) emissions. Ecology is expected to have a final rule out in the fall of 2016, with compliance
beginning January 2017.

In Oregon, the legislature passed SB 1547, also known as the Oregon Clean Electricity and Coal
Transition Bill. While this legislation does not directly impact NW Natural, it is indicative of legislative
movement on this front. To assist in understanding the impact of potential future legislation, the
Company modeled various levels of carbon prices ranging from $0 to just under $90 per metric ton of
carbon dioxide equivalent (MTCO,e).

Aided by favorable regulatory support, NW Natural’s overall annual methane emissions in 2013 were
approximately 90 percent lower than EPA’s factors.”’ Further, in March 2016, the Company joined the
U.S. EPA Natural Gas Star Methane Challenge. This voluntary program encourages participants to adopt
best practices by sector for reducing methane emissions. As a continuation of NW Natural’s efforts to
reduce methane emissions and recognizing that most emissions associated with the natural gas system
occur upstream of distribution, with the majority occurring in production and transmission, the
Company is in the early phases of designing a pilot program with the objective of reducing upstream
methane emissions.

The 2014 IRP identified the South Salem Feeder as a project needed to serve the Salem load center. The
action plan called for the Company to perform additional analysis prior to moving beyond the pre-
construction phase of the project. In addition to the methodology and modeling improvements
mentioned above, NW Natural disaggregated the Salem load center into four distinct load centers in
order to better understand the complexities of this load center. Additionally, and as discussed further in
chapter 3, the Company studied alternatives and consulted with Northwest Pipeline to gain additional
flexibility on how it applied the maximum daily delivery obligations (MDDOs) in serving the Salem load
centers. As a result, the South Salem Feeder project is no longer necessary.

%’ Calculation based on 2013 emissions as reported using EPA Subpart W emission factors from the EPA’s GHGRP
compared to 2013 emissions as calculated using the updated emission factors developed from the study, Direct
Measurements Show Decreasing Methane Emissions from Natural Gas Local Distribution Systems in the United
States.
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4. MULTIYEAR ACTION PLAN

This action plan sets forth the resource additions and changes, studies, and ongoing monitoring
activities. For this IRP, NW Natural separated the action plan into two parts. The first action plan is the
joint plan which includes proposed activities applicable to both Oregon and Washington. The second
action plan includes only those activities specific to Washington.

4.1. Joint Multiyear Action Plan
Resource investments:

1. Plan to recall 30,000 Dth/day of Mist storage capacity from the interstate storage account
effective May 2019 to serve the core customer needs, subject to a review based on an update of
the annual load forecast in the summer of 2018.

2. Replace or repair, depending on relative cost-effectiveness, the large dehydrator at Mist’s Miller
Station. Replacement is currently estimated to cost between $6 million and $7 million based on
estimates obtained from a third-party engineering consulting firm engaged by NW Natural.

NW Natural will evaluate alternatives associated with the Al’s Pool and Miller Station small
dehydrator systems at Mist to determine if and when additional actions are warranted.

3. Proceed with the SE Eugene Reinforcement project to be in service for the 2018/2019 heating
season and at a preliminary estimated cost of $4 million to $6 million.

Demand-side resources and environmental actions:

1. Consistent with methodology in chapter 6, NW Natural will ensure Energy Trust has sufficient
funding to acquire therm savings of 5.1 million therms in 2017 and 5 million therms in 2018 or
the amount identified and approved by the Energy Trust board.

2. Work with Energy Trust of Oregon to further scope a geographically targeted DSM pilot via
accelerated and/or enhanced offerings (“Targeted DSM”pilot) to measure and quantify the
potential of demand-side resources to cost-effectively avoid/delay gas distribution system
reinforcement projects in a timely manner and make a Targeted DSM pilot filing with the
Oregon Public Utility Commission (OPUC) in late 2017 or early 2018.

3. Work with Energy Trust of Oregon to track peak day savings from DSM programs in addition to
the typical Energy Trust metric of total annual savings to better understand if the capacity costs
projected to be avoided with peak day savings in the DSM savings projection are being saved.

4. Investigate the viability of developing a pilot project to reduce upstream emissions of methane
and, if viable, NW Natural will bring this pilot forward for Commission review and approval. The
pilot design would test whether reductions can be achieved at a level consistent with the Base
Case carbon values incorporated into the IRP and the range of costs for a larger scale effort. If it
is determined that the cost to move the market exceeds the carbon values in the IRP, the
Company may alternatively consider advancing the work as a project proposal under SB 844.
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4.2. Washington-Only Multiyear Action Plan
Washington resources and investigations:

1. Consistent with methodology in chapter 6, NW Natural will ensure Energy Trust has sufficient
funding to acquire therm savings of 262,000 therms in 2017 and 270,000 therms in 2018 or the
amount agreed to by the Energy Efficiency Advisory Group and approved by the Washington
Utilities and Transportation Commission (WUTC).

2. Complete construction of the Clark County distribution projects to address Vancouver load
center needs — estimated timing of projects is over the next three years with an estimated cost
of $21 million.

3. Comply, as required, with Ecology’s final Clear Air rules, which may include the purchasing of
allowances and/or investing in carbon reducing projects located in Washington.
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1. OVERVIEW OF GAS
REQUIREMENTS

Chapter 2 provides a brief look at the
following: the local economy within NW
Natural’s service area; certain relevant
forecasts; historical and forecasted natural
gas prices; and methodologies used in
developing gas requirements for the 2016
IRP. These methodologies include those
associated with customer forecasts,
including alternative forecasts; the industrial
load forecast; the emerging markets load
forecast; the system-level peak day forecast;
the deliverability/distribution peak hour
forecast; and the annual energy forecast.

Many of the methodologies used represent a
departure from those used in prior

NW Natural IRPs. The Company discussed
most of these changes in Technical Working
Group meetings with stakeholders in the
course of developing the 2016 IRP.

2. REGIONAL ECONOMY

The economy of NW Natural’s service area
is, by some measures and on the whole, now
fully recovered from the recession of the
late 2000s. Figure 2.1 shows employment®
indices for certain geographies related to
NW Natural’s service area.

Other measures, such as housing starts, have
yet to fully recover to levels experienced
prior to the housing bubble of the last
decade.

1

-

~

KEY FINDINGS

Key findings in this chapter include the following:

\

Relatively slow regional economic growth will
continue, with improvements in both Oregon
housing starts and employment.

Forecasted Henry Hub natural gas monthly prices in
real terms will increase over the planning horizon
from recent levels. Monthly prices at trading hubs
where NW Natural procures gas supplies are
forecast to almost double in real terms over the
planning horizon from recent levels of approximately
S2 per Dth to almost $4 by the end of the period.
Lower than in the 2014 IRP, aggregate Residential
and Commercial Firm Sales customer growth
averages 1.6 percent annually over the 20162035
planning horizon in the Base Case forecast, with
Oregon’s rate averaging 1.5 percent and
Washington’s rate averaging 2.6 percent.
Alternative Firm Sales customer growth scenarios
have average annual rates of 2.1 percent in the High-
growth scenario and 1.2 percent in the Low-growth
scenario.

Emerging Markets’ Firm service load requirements
over the planning horizon are small relative to total
requirements and Firm Sales requirements are
extremely small.

Firm Sales design day peak demand in the 2016 IRP
is, versus the 2014 IRP, up slightly in the near-term
and lower in the later years of the planning horizon.
Annual Firm Sales energy use grows at annual rates
over the planning horizon of 0.6 percent in Oregon;
1.5 percent in Washington; and 0.7 percent for NW
Natural.

NW Natural’s load is peaky and becoming more so
over time. /

Employment is nonfarm employment for Oregon and the Portland MSA and total employment for Clark County.

Values underlying 12-month moving averages are not seasonally adjusted. Source for Oregon and Portland MSA
employment is the Federal Reserve and, for Clark County, the Washington Employment Security Department.
Dates of U.S. recessions are from the National Bureau of Economic Research (NBER).
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Figure 2.1: Employment Relative to Prerecession Levels

Employment as Percent of Prerecession Levels
(December 2007 = 100%; 12-month moving average)

110%

105% //

100% - \ /_

~ _M/ V//

90%

85%

80% T T T T T T T T

Jan-00 Jan-02 Jan-04 Jan-06 Jan-08 Jan-10 Jan-12 Jan-14 Jan-16

U.S. Recessions  ====Qregon == Portland MSA Clark County

Oregon’s Office of Economic Analysis (OEA) forecasts Oregon’s employment and housing starts to

continue improving over the near to medium term. Figure 2.2 shows actual and forecast values® of
Oregon nonfarm employment and Oregon housing starts, with each series indexed to its respective 1990

level.

2 Source is OEA’s March 2016 forecast, accessed April 6, 2016 at
http://www.oregon.gov/das/OEA/Pages/forecastecorev.aspx .
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Figure 2.2: Indices of Oregon Nonfarm Employment and Annual Oregon Housing Starts
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3. NATURAL GAS PRICES

NW Natural uses planning horizon forecasts of natural gas prices by trading hub in developing the
Company’s IRP. These forecasts include monthly price forecasts for Henry Hub, Rockies (using the Opal
trading hub), British Columbia (Sumas), and Alberta (Alberta Energy Company, or AECO). Like many
commodities, volatility in natural gas prices makes forecasting prices highly uncertain. NW Natural
expects future gas prices will be influenced by numerous factors, including economic conditions,
demand, increasing use of natural gas to fuel power generation, potential national or regional carbon
policies,”* weather, and new and traditional supplies—such as gas produced using more efficient
extraction technologies. The Company reviews several price forecasts and has developed a Base Case
gas price forecast as well as high and low price outlooks to represent reasonable ranges of future prices
for the trading hubs from which the Company purchases gas supplies.

* See Chapter 4 Energy Policies and Environmental Considerations regarding policies related to emissions of
greenhouse gases and specifically to emissions of carbon dioxide produced by combustion of fossil fuels.
NW Natural is unable to quantify the impact on natural gas prices of new national or regional environmental
policies until details of such policies are known.

* The Base Case natural gas price forecast includes an estimated impact of future regulations of carbon dioxide
(CO,) emissions beginning in 2021. See Chapter 4 for a discussion of alternative carbon prices.
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3.1. Historical Prices, Price Volatility, and U.S. Reserves

The combination of lower demand and increased supplies has resulted in generally lower spot prices in
the current decade versus the prior decade. Improved drilling technologies have tremendously
increased the potential supply of “unconventional” gas from shale deposits throughout North America.
The relatively slow U.S. economic expansion since the 2007—-2009 recession continues to suppress
growth in demand for natural gas.

Figure 2.3 shows the history of monthly natural gas prices since 1997. Monthly average spot prices at
Henry Hub, the reference pricing point for the North American natural gas market, exceeded $12 per
Dth’ as recently as June 2008. The Western energy crisis in 2000-2001 spiked prices over $8 per Dth and
hurricanes Katrina and Rita drove prices over $13 per Dth in late 2005.°

Figure 2.3: Henry Hub Natural Gas Spot Prices

Henry Hub Natural Gas Spot Prices
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Lower commaodity prices have allowed NW Natural to reduce customer rates. The Public Utility
Commission of Oregon approved NW Natural’s request for a 6.7 percent reduction in Oregon Residential

> One Dth, or dekatherm, equals 10 therms.

® NW Natural, in figure 2.3, identifies a portion of the late 2000s as a period characterized in part by “high demand

and oil speculation.” Regarding the latter characterization, see the discussion in “When Qil Prices Jump, Is
Speculation To Blame?” by Farley, et al, in the April 2012 issue of The Regional Economist published by the
Federal Reserve Bank of St. Louis (accessed July 28, 2016 at
https://www.stlouisfed.org/~/media/Files/PDFs/publications/pub assets/pdf/re/2012/b/oil prices.pdf ).
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rates in October 2015. In the same month, the Washington Utilities and Transportation Commission
approved the Company’s request for a 14.4 percent reduction in residential rates. NW Natural
customers are now paying less for gas than they did 15 years ago.’

According to the U.S. Energy Information Administration (EIA), the estimated total U.S. proved natural
gas reserves increased again in 2014, as shown in figure 2.4.2 EIA’s estimated proved natural gas

reserves have declined year-over-year only twice since 1994.

Figure 2.4: U.S. Total Natural Gas Proved Reserves
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3.2. Natural Gas Price Forecast

NW Natural’s 2016 IRP natural gas price forecast is of monthly prices developed by third-party provider
IHS Inc., and is based on market fundamentals.® NW Natural includes the price forecast in the

See NW Natural’s website at
https://www.nwnatural.com/aboutnwnatural/ratesandregulations/gaspriceinformation; accessed April 6, 2016.

See EIA’s U.S. Crude Oil and Natural Gas Proved Reserves, released Nov. 23, 2015 (accessed April 6, 2016 at
http://www.eia.gov/naturalgas/crudeoilreserves/ ). EIA defines proved reserves as the volumes of hydrocarbon
resources recoverable under existing economic and operating conditions.

Source: IHS Inc. This content is extracted from IHS Energy North America Natural Gas service and was developed
as part of an ongoing subscription service. No part of this content was developed for or is meant to reflect a
specific endorsement of a policy or regulatory outcome. The use of this content was approved in advance by
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Company’s SENDOUT® resource planning modeling software, which is used for analyzing and developing
the optimal plan®® for purchasing and transporting natural gas to the Company’s customers.
Additionally, future natural gas prices impact avoided cost calculations and thereby the level of
predicted Energy Trust of Oregon (ETO) demand-side management energy-efficiency (DSM/EE) savings.
Figure 2.5 displays the Henry Hub historical spot prices for 2005—-2015, the 2016 IRP price forecast, and
the following additional natural gas price forecasts:™

1.2014 IRP

2. 2013 Washington IRP (2013 IRP)

3. 2011 Modified IRP

4. Northwest Power and Conservation Council’s Seventh Plan (NWPCC A Plan)

5. U.S Energy Information Administration’s 2015 Annual Energy Outlook (EIA AEO Apr 2015)

Figure 2.5: Henry Hub Natural Gas Spot Prices

Henry Hub Natural Gas Spot Prices
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IHS. Any further use or redistribution of this content is strictly prohibited without written permission by IHS.
Copyright 2013, all rights reserved.

% An “optimal plan” is understood in this context to be a part of the larger resource solution that provides the
“best mix of cost and risk” in conforming to the Public Utility Commission of Oregon’s IRP Guideline 1c. By
“optimal,” NW Natural means “best or most effective;” with this definition appearing in the online Merriam-
Webster at http://www.merriam-webster.com/dictionary/optimal (accessed April 1, 2016). See chapter 8.

" Note that the 2016 IRP gas price forecast is a more recent forecast than each of the alternative forecasts. Only
the 2016 IRP forecast was compiled after historical price data for several months of 2015 was available. Also
note that each forecast may incorporate different assumptions regarding inflation.
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NW Natural obtains natural gas from three major supply regions: British Columbia, Alberta, and the U.S.
Rockies." Figure 2.6 shows the 2016 IRP price forecast for Henry Hub and representative trading hubs in
each region: British Columbia (Sumas), Alberta (AECO), and U.S. Rockies (Opal).

Figure 2.6: Natural Gas Price Forecast™ by Trading Hub

Natural Gas Price Forecast by Trading Hub
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4. OVERVIEW OF LOAD FORECAST METHODOLOGY

NW Natural’s 2016 IRP includes three distinct load forecasts: a system-level peak day usage forecast, a
deliverability/distribution peak hour forecast, and an annual energy forecast.

Load forecasts represent the starting point for developing NW Natural’s IRP. They represent the future
daily gas supply requirements around which the Company develops its resource plan. An accurate gauge
of future demand is essential to ensure acquisition of sufficient resources in an optimal manner.
Residential and commercial space heating comprise the bulk of Firm Sales demand on NW Natural’s
system, and total gas requirements are therefore weather dependent. Consequently, it is important to
develop a design year load forecast which includes a very cold coincident design (“peak”) day event.

In this way, NW Natural ensures developing a resource plan capable of reliably serving customers under

2 see chapter 3 for discussions regarding gas supplies and NW Natural’s gas procurement policies.

B Source: IHS Inc. This content is extracted from IHS Energy North America Natural Gas service and was developed
as part of an ongoing subscription service. No part of this content was developed for or is meant to reflect a
specific endorsement of a policy or regulatory outcome. The use of this content was approved in advance by
IHS. Any further use or redistribution of this content is strictly prohibited without written permission by IHS.
Copyright 2013, all rights reserved.
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a variety of circumstances, including extremely cold weather. The annual energy forecast is also used in
estimating the total amount of energy savings available in the Company’s service territory through
energy-efficiency programs administered by ETO.

NW Natural provides resource adequacy—upstream pipeline capacity, storage capacity, and the gas
commodity itself—for its Firm Sales customers. While Firm Transportation customers provide for their
own upstream resource needs, the Company provides distribution services for these customers.

NW Natural considers the load requirements of Interruptible Sales customers only with respect to
commodity requirements for nonpeak deliverability, as the Company does not plan for upstream
pipeline or storage capacity to serve these customers during peak or near-peak conditions. NW Natural’s
2016 IRP does not consider the loads of Interruptible Transportation customers.

NW Natural bases its load forecasts on 15 load centers: Albany, Astoria, Coos Bay, Eugene,
Newport/Lincoln City, three Portland metropolitan area load centers (West, Central, and East), four
Salem load centers™ (currently identified as Salem A, B, C, and D), The Dalles (Oregon), The Dalles
(Washington), and Vancouver. This disaggregation of NW Natural’s system more closely matches system
demands and flows than does the 12-load-center configuration used in the 2014 IRP.

Individual load centers differ by customer composition, rates of customer growth, usage patterns,
weather, and resource availability. These 15 load centers also define the separate points of demand,
along with supply and distribution system connections, as modeled in SENDOUT", the Company’s
resource planning and modeling software package.

4.1. Preparing NW Natural Load Forecasts

NW Natural performs multiple discrete activities in developing the Company’s load forecasts for the
2016 IRP. The Company prepares a 20-year estimate of Residential and Commercial customers by load
center and customer category at a monthly frequency. The Company separately develops forecasts of
Industrial loads and Emerging Market loads. NW Natural describes these activities and their results in
the next three sections of chapter 2. The Company uses these forecasts in both the peak load forecasts
and the annual energy load forecasts.

NW Natural’s 2016 IRP incorporates multiple enhancements in developing the Company’s peak usage
forecasts. The next section of chapter 2 describes these enhancements, including the peak day weather
standard NW Natural uses in the 2016 IRP, the system-level use per customer model, the peak day Firm
Sales load forecast, the load resource balance, and the deliverability/distribution peak hour forecast.

The Company follows this with a discussion of its annual energy forecast. Appendix 2 contains detailed
information on the different components of the load forecast and models used in its development.

 NW Natural disaggregated the Salem load center used in the 2014 IRP into four load centers in order to more
accurately model complex interactions between resources and loads in the larger Salem area.
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5. CUSTOMER FORECASTS
Customer forecasts™ ° are the starting point for the load forecasting process. NW Natural relies on
internal business intelligence and information from external sources such as Oregon’s Office of
Economic Analysis to forecast changes in the number of customers on a monthly basis over the 20-year
planning horizon. Cumulative net customer changes for the Residential and Commercial customer
classes are added to a historical actual count of customers by class to arrive at the forecast of future
customers. Table 2.1 lists the categories of customer change that NW Natural forecasts and table 2.2
lists the Company’s load centers and actual Residential and Commercial Firm Sales customer counts as
of December 2015." Table 2.2 includes the identifier used for individual load centers in some figures in
chapter 2.”® Table 2.2 aggregates values for the three Portland (POR) load centers of Portland Central
(PORC), Portland East (PORE), and Portland West (PORW) and for the four Salem (SAL) load centers.

Table 2.1: Categories of Customer Change
Residential New Construction
Residential Conversion
Residential Losses
Commercial New Construction
Commercial Conversion
Commercial Losses

NW Natural forecasts numbers of customers for each combination of load center and customer category
for a total of 105 discrete components of the customer forecasts. New Construction and Conversion
categories reflect customer growth as new customers are added. NW Natural forecasts decline over the
forecast horizon in the number of existing Residential and Commercial customers as of the beginning of
the forecast period as customer losses occur from initial levels. The forecast methodology involves
blending near- and long-term economic outlooks. The information sources and methods NW Natural
uses to produce the Company’s customer forecasts differ by category of customer change.

> Customers in this context refer to Firm Sales customers or to Firm Sales and Firm Transport customers.
NW Natural includes Firm Transport customers where relevant; i.e., with respect to the Company’s capabilities
vis-a-vis delivery of gas over its facilities from a citygate to a Firm Transport customer’s service address.

'® NW Natural forecasts the load of Industrial Firm Sales customers directly in this IRP, and not by forecasting the
number of customers and multiplying by use per customer. A description of the process of forecasting these
loads appears later in this chapter.

7 As NW Natural developed the Residential and Commercial customer forecasts in the second half of 2015, the
latest year of actual values available were those of 2014.

¥ Some figures in appendix 2 also make use of these identifiers.
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Table 2.2: 2015 Residential and Commercial Customers by Load Center"’

Residential Commercial

Percentage Percentage

of System of System
Load Center Identifier Residential Total Commercial Total
Albany ALB 36,777 5.7% 4,134 6.2%
Astoria AST 11,247 1.7% 1,692 2.5%
Coos Bay CO0Ss 1,270 0.2% 356 0.5%
Eugene EUG 35,054 5.4% 5,371 8.1%
Lincoln City LC 9,205 1.4% 1,251 1.9%
Portland POR 395,297 61.1% 37,307 56.0%
Salem SAL 82,718 12.8% 8,980 13.5%
The Dalles (OR) DALO 4,681 0.7% 1,124 1.7%
The Dalles (WA) DALW 1,773 0.3% 215 0.3%
Vancouver VAN 68,819 10.6% 6,154 9.2%
Total 646,841 100.0% 66,584 100.0%

NW Natural uses two separate processes in developing the Company’s Residential and Commercial
customer forecasts. NW Natural uses an internal subject matter expert (SME) panel for forecasting 2015
and 2016 customer changes and develops econometric forecasts that are used for 2018 forward.
Forecasts for 2017 average the 2017 customer forecasts resulting from each approach.

The SME panel members analyze and incorporate into the customer forecast information from multiple
internal and external sources, including trends, employment information, economic indices, real estate
information, inventories, building and permitting activity, various incentives, and internal programs.
Descriptions of the econometric forecasts follow, while charts including customer forecasts incorporate
the impact of the SME panel forecasts, unless specified otherwise.

Figure 2.7 shows Residential and Commercial customers on a system basis; i.e., including customer
counts for both Oregon and Washington. Values for 2014 are actual results, while values for 2015
forward are forecast.

'® The December 2015 customer values in table 2.2 are actual values, while numbers of customers for 2015
appearing elsewhere in this chapter are forecast values. As a result of the timing for developing the load
forecast, the first year of the forecast period in this IRP is 2015. However, note that reference to a 20-year
planning horizon (or similar) does not include calendar year 2015; i.e., the planning horizon is 2016 through
2035.
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Figure 2.7: Residential and Commercial Customers
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5.1. Residential Customer Forecast

NW Natural forecasts the three components of Residential customer changes in table 2.1: New
Construction, Conversions, and Losses. See Appendix 2 for additional information regarding
NW Natural’s Residential customer forecasts.

Residential New Construction Customer Additions

NW Natural’s Oregon Residential new construction customer additions have historically had a strong
relationship with the level of Oregon housing starts,*® as shown in figure 2.8.

NW Natural’s econometric forecast of Oregon Residential new construction customer additions uses
OEA’s September 2015 forecast of Oregon housing starts®! as the primary explanatory variable.

*° The correlation over the period 1991-2014 using annual data is 0.95.

2 Housing starts represent units of housing; e.g. OEA’s forecast of housing starts would include the start of
construction of an apartment structure with 40 apartments as 40 housing starts. OEA notes that the agency uses
a methodology for translating residential building permits into housing starts at
https://oregoneconomicanalysis.com/2012/10/17/checking-in-on-oregon-housing-starts/ (accessed Aug. 2,
2016). Also see related information at the U.S. Bureau of the Census’ website at
http://www.census.gov/construction/nrc/index.html (accessed Aug. 2, 2016) and OEA’s website at
http://www.oregon.gov/das/OEA/Documents/economic_methodology dec2010.pdf (accessed Aug. 2, 2016).
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Figure 2.8: Oregon Residential New Construction Customer Additions versus Oregon Housing Starts
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Forecasts of housing starts at lower than the state level (e.g., at the county level) were not available to
NW Natural for use in developing the 2016 IRP load forecast. As the time horizon of OEA’s September
2015 forecast of Oregon housing starts was through 2024, NW Natural projected the annual average
rate of change in Oregon population increases®” over the period 2025-2035 onto the level of

2024 housing starts forecast by OEA to derive a forecast of housing starts for the 2025-2035 timeframe.
Figure 2.9 shows the levels of Oregon Residential new construction customer additions on an actual
basis and as predicted by the econometric model. Figure 2.10 shows actual and forecast values for both
Oregon housing starts”® and NW Natural’s Oregon Residential new construction customer additions.

*The 2015 Regional Projections from Woods and Poole Economics, Inc. is the source of the underlying forecast of
Oregon’s population. NW Natural uses a three-year moving average of annual population increases as the basis
for calculating the average annual rate of change in Oregon population increases.

> Note that forecasted levels of Oregon housing starts decline over the period 2025-2035, as shown in figure 2.10,
as the annual average rate of change in Oregon’s population increases is negative. While Woods and Poole
forecast Oregon’s population to grow over the 2025-2035 timeframe, their forecast includes that levels of year-
over-year population growth will decline over this timeframe.
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Figure 2.9: Oregon Residential New Construction Customer Additions: Actual and Predicted
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Figure 2.10: Oregon Residential New Construction Customer Additions and Oregon Housing Starts
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NW Natural’s econometric forecast of Washington Residential new construction customer additions also
uses Oregon housing starts as the primary explanatory variable. The Company investigated the use of
other explanatory variables for Washington Residential new construction customer additions, including
demographic variables such as changes in the aggregate number of households for the three
Washington counties in which NW Natural provides service. This investigation established Oregon
housing starts®® as the preferred explanatory variable for forecasting NW Natural’s Washington
Residential new construction customer additions.” 2

Figure 2.11 shows the historical relationship of NW Natural’s Washington Residential new construction
customer additions and Oregon housing starts and figure 2.12 shows Washington Residential new
construction customer additions on an actual basis and as predicted by the econometric model.

Figure 2.13 shows actual and forecast values for NW Natural’s Washington Residential new construction
customer additions.

* NW Natural uses the same forecast of Oregon housing starts to forecast Washington Residential new
construction customer additions the Company uses for Oregon.

% The correlation between NW Natural’s Washington Residential new construction customer additions and Oregon
housing starts over the period 1991-2014 using annual data is 0.92.

26 Washington’s Economic and Revenue Forecast Council (ERFC) distributes a forecast which includes statewide
housing units authorized by building permits. While ERFC’s August 2015 forecast limits the forecast horizon for
Washington’s residential building permits to the years 2015-2019, the forecast horizon of Oregon OEA’s
September 2015 forecast of Oregon housing starts extends an additional five years, covering the period 2015—
2024.
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Figure 2.11: Washington Residential New Construction Customer Additions versus Oregon Housing Starts
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Figure 2.12: Washington Residential New Construction Customer Additions: Actual and Predicted
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Figure 2.13: Washington Residential New Construction Customer Additions: Actual and Forecast
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NW Natural allocates forecasted state-level Residential new construction customer additions between
single family and multifamily using state-level econometric forecasts of the proportion of total annual
Residential new construction customer additions that will be single family.

The Oregon model uses as explanatory variables annual Oregon housing starts and the year-over-year
change in employment for Oregon counties in which NW Natural provides service. The Washington
model uses as explanatory variables annual Oregon housing starts and the change in employment for
the Washington counties in which NW Natural provides service.”

Figure 2.14 shows for each state actual and forecast values of the single-family percent of NW Natural’s
total Residential new construction customer additions at the state level. Figure 2.14 includes—for each
state—the average annual percent of Residential new construction customer additions that are single
family on both a historical basis for 1998—2014 and as projected for 2018-2036.%

%7 County-level forecasts of employment are from Woods and Poole’s 2015 Regional Projections.

*® The projected average annual value is for the 2018—-2036 timeframe, as this timeframe uses only the
econometric forecast for total Residential new construction customer additions. See the earlier discussion on
combining the SME Panel’s forecasts with econometric forecasts.
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Figure 2.14: Single-Family Percent of Residential New Construction Customer Additions
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Residential Conversion Customer Additions

NW Natural forecasts Residential conversion customer additions for each state as a time trend,” using
data for the period 1990-2014. Figures 2.15 and 2.16 show both actual and forecasted Residential
conversion customer additions for Oregon and Washington, respectively.® See Appendix 2 for additional
information regarding the econometric models used for these forecasts.

29 . . . e . . .
Residential conversion customer additions were modeled as a time trend after a logarithm transformation.

30 Figures 2.16 and 2.17 show the econometric time trend forecasts and do not reflect any impact of the SME panel
forecasts of Residential conversion customer additions.
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Figure 2.15: Oregon Conversion Customer Additions: Actual and Forecast
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Figure 2.16: Washington Conversion Customer Additions: Actual and Forecast
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Residential Customer Losses

NW Natural estimates future Residential customer losses at the state level using each state’s average
loss rate over the five-year period 2010-2014.

Residential Customer Forecasts
Figure 2.17 shows Residential customers by state and figure 2.18 shows historical values for Residential
customers on a system basis and compares the 2016 IRP Residential customer forecast with that in the

2014 IRP.

Figure 2.17: Residential Customers by State
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Figure 2.18: System Residential Customers: Actual and 2014 IRP and 2016 IRP Forecasts
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The decline in the rate of Residential customer growth following the housing boom of the last decade
and during the 2007—2009 recession is easily seen in figure 2.18. Perhaps less easily seen in is that the
2016 IRP Residential customer forecast is marginally greater than the 2014 IRP in the first part of the
planning horizon, in part as a result of actual results exceeding levels forecast in the 2014 IRP.

Figures 2.19 and 2.20 show Residential customer annual net additions at the state level, for historical
and forecast values, respectively.
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Figure 2.19: Historical Residential Customer Annual Net Additions by State
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Figure 2.20: Forecast Residential Customer Annual Net Additions by State
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5.2. Commercial Firm Sales Customer Forecast
NW Natural forecasts the three components of Commercial customer changes in table 2.1:

1. New Construction

2. Conversions

3. Losses
Commercial New Construction Customer Additions
NW Natural’s econometric forecast of Oregon and Washington Commercial new construction customers
uses the Woods and Poole Portland MSA nonfarm/nonmanufacturing Employment as the primary
explanatory variable. Figure 2.21 shows actual and forecast levels of Oregon Commercial new

construction customer additions.

Figure 2.21: Oregon Commercial New Construction Customer Additions: Actual and Forecast
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Figure 2.22 shows actual and forecast values for NW Natural’s Washington Commercial new
construction customer additions.
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Figure 2.22: Washington Commercial New Construction Customer Additions: Actual and Forecast
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Commercial Conversion Customer Additions

NW Natural forecasts Commercial customer conversions for each state as a time trend, using data for
the period 1990-2014. Figures 2.23 and 2.24 show actual and forecast values for Oregon and
Washington, respectively.*

3 Figures 2.23 and 2.24 show the econometric time trend forecasts and do not reflect any impact of the SME panel
forecasts of Residential customer conversion additions.
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Figure 2.23: Oregon Commercial Conversion Customer Additions: Actual and Forecast
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Figure 2.24: Washington Commercial Conversion Customer Additions: Actual and Forecast
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Commercial Customer Losses

NW Natural estimates future Commercial customer losses at the state level using each state’s average
loss rate over the five-year period 2010-2014.

Commercial Customer Forecasts
Figure 2.25 shows historical values for Commercial customers on a system basis and compares the 2016

IRP Commercial customer forecast with that in the 2014 IRP. Figure 2.26 shows Commercial customer
additions by state.
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Figure 2.25: System Commercial Customers: Actual and 2014 IRP and 2016 IRP Forecasts
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Figure 2.26: Commercial Customers by State
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5.3. Residential and Commercial Customer Forecasts by Month and Load Center

NW Natural uses allocation methods to derive monthly load center forecasts of Residential and
Commercial customer change components from state-level annual forecasts. The Company allocates
each component of customer change from the annual level by state to the 12 months based on system-
level average historical experience by month over the 1998-2014 timeframe for that component.

NW Natural allocates the state-level monthly values for each component of customer change to that
state’s load centers on a pro rata basis, using the average annual historical experience over the 1998—
2014 timeframe for Washington load centers and the 2004-2014 timeframe for Oregon load centers.*
The end results are forecasts of each component of customer change at the load center level by month.
Using 11- and 17-year historical averages for Oregon and Washington load centers, respectively,
presumably captures greater diversity in economic conditions at the load center level than would the
use of historical averages from a much shorter period.

Figure 2.27 shows the average annual rate of Residential customer growth by load center® over the
planning horizon and includes both state-level averages as well as NW Natural’s system average.

Figure 2.28 shows the same information for Commercial customers. Note that the Coos Bay load center
was added to NW Natural’s service area relatively recently and, largely due to customer growth resulting
from conversions, has historically had and over the planning horizon is expected to have a higher growth
rate than other load centers. See table 2.2 for the load center identifier used in these figures.**

*> NW Natural acquired service areas in Coos County, which the Company identifies as the Coos Bay load center, in
2004. Therefore, the longest timeframe with information available for all current Oregon load centers is 2004—
2014. Over this period, the Coos Bay load center averaged 2.1 percent of NW Natural’s Oregon Residential
customer conversion additions. Table 2.2 shows that the Coos Bay load center had 0.2 percent of NW Natural’s
total Residential customers in 2015.

> The multiple Salem load centers are represented in figures 2.27 and 2.28 as aggregated Salem (“SAL”) values.
** “Portland” (POR) is composed of Portland Central (PORC), Portland East (PORE), and Portland West (PORW).
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Figure 2.27: Average Annual Residential Customer Growth Rates by Load Center and State
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Figure 2.28: Average Annual Commercial Customer Growth Rates by Load Center and State
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5.4. Alternative Customer Growth Scenarios

NW Natural believes the Base Case load forecasts using design weather represents the most likely
outcomes from a perspective of prudent resource planning. The Company also evaluated resource
planning under scenarios having alternative load levels. These scenarios provide alternative load
projections based in part on alternatives to the Base Case Residential and Commercial customer
forecasts. Scenarios also serve to provide limits to the Base Case load forecast by establishing a floor and
a ceiling on expected load. NW Natural developed two alternative load scenarios with respect to
customer growth:

1. Low Load Growth: Lower Residential and Commercial customer growth; e.g., as a result of slower
than expected service area economic and population growth; and

2. High Load Growth: Higher Residential and Commercial customer growth; e.g., as a result of higher
than expected service area economic and population growth.

NW Natural based the Residential High and Low customer forecasts on 90 percent confidence intervals
for the Residential econometric models for new construction customer additions and conversion
customer additions. Analogous with the Base Case, the SME panel High and Low forecasts are used for
2015 and 2016, and 2017 averages the SME panel and econometric forecasts.

The Commercial High and Low cases use 90 percent confidence intervals for the Commercial conversion
customer addition econometric models only, as the Commercial new construction customer addition
models have very large confidence intervals. Instead, the Commercial new construction customer
additions use plus and minus 50 percent of the Base Case new construction customer additions. The
SME panel High and Low forecasts are incorporated into the Commercial High and Low customer
forecasts in the same way as for the Residential High and Low forecasts.

Table 2.3 shows the average annual rates of customer growth for the Base Case customer forecast and
the high- and low-growth scenarios. Figures 2.29 and 2.30 show historical values and the Base Case,
High, and Low customer forecasts for Oregon and Washington, respectively. Figures 2.31 and 2.32 show
this information for Commercial customers.
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Table 2.3: Average Annual Rates of Residential and Commercial Customer Growth 2016 — 2035

Base Case High Growth Low Growth

Residential

Oregon 1.6% 1.9% 1.2%

Washington 2.6% 3.4% 2.0%

System 1.7% 2.1% 1.3%
Commercial

Oregon 0.9% 1.5% 0.2%

Washington 1.8% 2.8% 0.7%

System 1.0% 1.7% 0.3%
Residential plus Commercial

Oregon 1.5% 1.9% 1.1%

Washington 2.6% 3.3% 1.9%

System 1.6% 2.1% 1.2%

Figure 2.29: Residential Customer Forecast Scenarios: Oregon

Oregon Residential Customers
Base Case vs. High and Low Cases

1,000,000
900,000
800,000

700,000 /

600,000 —
500,000 —

400,000 /

300,000
200,000
100,000

e Actual Base Case High Case Low Case

2.30



NW Natural 2016 Integrated Resource Plan
Chapter 2
Gas Requirements Forecast

Figure 2.30: Residential Customer Forecast Scenarios: Washington
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Figure 2.31: Commercial Customer Forecast Scenarios: Oregon
Oregon Commercial Customers
Base Case vs. High and Low Cases
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Figure 2.32: Commercial Customer Forecast Scenarios: Washington
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6. INDUSTRIAL LOAD FORECAST

NW Natural has approximately 600 Industrial Firm Sales customers with annual usage ranging from

0.1 to 70 thousand dekatherms (MDT; 1 MDT= 10,000 therms). Rather than separately develop a
forecast of Industrial customers and estimates of use per Industrial customer, analogous with the
approach NW Natural uses for Residential and Commercial customers, the Company forecasts the total
load of Industrial customers directly due to the wide range in actual natural gas use by these customers.
NW Natural uses internal information obtained from account managers and customer insights for
developing the Company’s forecast of both Oregon and Washington Industrial loads. The Company
develops a forecast of Industrial load in total, and allocates this to load centers and customer types
(Firm Sales, Interruptible Sales, Firm Transportation, and Interruptible Transportation) based on actual
2014-2015 gas year loads.

NW Natural forecasts a Base Case of 0 percent load growth in industrial demand before demand-side
management with a high case of 0.5 percent and low case of -0.5 percent load growth. Figure 2.33
depicts the Base Case post-DSM Industrial Firm Sales load.* Post-DSM, for post-demand-side
management, in this context refers to the Industrial Firm Sales load after decrementing for the
forecasted results of ETO’s implementation of demand-side management programs. See chapter 6 for
discussion of DSM.

» Figure 2.33 expresses volumes in thousands of dekatherms, or MDT.
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Figure 2.33: Industrial Firm Sales Load
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7. EMERGING MARKETS LOAD FORECAST

NW Natural includes forecasted loads from two Emerging Market segments in the 2016 IRP:
Compressed Natural Gas (CNG) and Combined Heat and Power (CHP). The predicted annual energy
loads from these two segments are relatively small. In particular, the forecast of Emerging Market’s Firm
Sales load is small, with 417 MDT in 2035 representing approximately 0.6 percent of NW Natural’s total
Firm Sales load for the year. The Company does not anticipate a material impact on planning for supply
resources resulting from these two Emerging Market segments. As an example of this, in 2030 Emerging
Markets Firm Sales on a peak day represent 0.06 percent of NW Natural’s peak day total Firm Sales.
However, the location specifics of one or more relatively large Emerging Markets customers may have
an impact on NW Natural’s distribution system planning.

Figure 2.34 shows the annual energy forecast for the Firm service CNG and CHP segments and
Figure 2.35 shows the breakout of these two segments by either Firm Sales or Firm Transportation
loads. Figure 2.36 shows the Firm Sales annual energy forecast, including the Base Case, a High Case,
and a Low Case. See also figure 2.51.
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Figure 2.34: Emerging Market Annual Energy Forecast by Segment
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Figure 2.35: Emerging Market Annual Energy Forecast by Class of Service
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Figure 2.36: Emerging Market Firm Sales Annual Energy Forecast by Sensitivity
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8. SYSTEM PEAK DAY USAGE FORECAST

The firm sales peak day usage forecast for each year in the planning horizon determines the expected
amount of supply resources®® NW Natural must hold in order to serve its customers. Like in previous
IRPs the peak day load forecast combines the customer count forecast, the peak day weather standard,
and the peak day use per customer forecast where:

Peak Day System Firm Sales Load,
= Daily Use Per Aggregate Firm Sales Customer Under Peak Day Weather Conditions,
* Firm Sales Customer Count,

The customer count forecasts, the peak day weather standard, and the peak day use per customer
model have all seen substantial improvements since the 2014 IRP. The customer count forecasts used
for both the peak day and average annual load forecast are those detailed earlier in this chapter,
whereas table 2.5 describes key differences between the peak day system firm sales®” forecast and the
annual average energy forecasts detailed later in this chapter.

*® Note that supply-side resources are divided into supply and distribution resources. Existing and prospective
supply resources are detailed in chapter 3 and distribution planning and expected projects are detailed in
chapter 7.

* Note that interruptible customers are assumed interrupted on a peak day, so the peak day forecast is the firm
sales peak day load forecast where interruptible loads are not included.
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Table 2.5: Peak Day Forecast vs. Annual Average Energy Forecast Differences

Geographic Customer
Usage Data Data Weather . .
Forecast Aggregation of Aggregation of
Source Frequency Measurement
Forecast Forecast
Peak Day Forecast | Gas Control Daily Many Variables System All Firm Customers
Energy Forecast Billing Monthly Temperature Only Load Center Customer Type

A change to the peak day weather standard and peak day use per customer model was made because of
the high level of variation in actual daily sales as a function of temperature/heating degree days (HDDs)
that led to a high level of uncertainty about the accuracy and precision of the peak day load forecast
when temperature/HDDs is the only predictor of usage on a peak day. The new peak day weather
standard greatly reduces the variation in firm sales for a given temperature by (1) including more
variables- both weather and day of the week- in addition to temperature that are important factors in
the gas usage seen on any given day, and (2) using a better measure of temperature. Furthermore, the
new peak day use per customer model provides much better information about system usage during
extreme cold weather days by (1) using data from the coldest days directly (which cannot be done using
billing data that comes in monthly form), (2) forecasting systemwide usage directly, and (3) aligning the
forecast with actual gas supply operations by moving weather measurements used to predict usage
from a calendar day to a “gas day.”*®

The new peak weather standard and the peak day use per customer model, their benefits relative to the
old forecast, and the new peak day forecast will be described briefly below, though a more detailed look
into the new peak day forecasting data, methods, benefits, and results can be found in Appendix 2.

Peak Day Weather Standard

Like the previous IRP, the peak day weather standard is based upon the most extreme heating
requirement day of the last 30 years. However, while the peak day weather standard in previous IRPs
was based upon a standard HDD measure of weather only, the system peak day load forecast in this IRP
is based upon a weather standard with factors in addition to temperature that have strong power in
predicting customer natural gas usage. These new variables are wind speed, precipitation, solar
radiation, the previous day’s temperature, time, and day of the week. This new weather standard is
made possible by taking advantage of 30 years’ worth of load center level hourly weather data new to
this IRP to determine gas day (as opposed to temperature only calendar day data) heating requirement
measurements to better align forecasting with actual gas supply operations, better capture intraday
weather patterns, better capture changes to NW Natural’s customer base through time, and to take into
account day of the week usage patterns.

While this change to a more complete measure of heating load requirements due to weather conditions
could have resulted in a different day of the last 30 years becoming the planning design day for the peak

*% Interstate pipeline capacity and storage contracts are on gas day (7 a.m. to 7 a.m.) terms rather than calendar
day terms and gas supplies are procured and scheduled for gas days, not calendar days. Additionally, the peak
hours of usage in a given calendar day are bisected by the 7a.m. gas day delineation.
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day forecast, Feb. 3, 1989 weather remains the peak day for supply resource planning purposes.* The
changes to the planning peak day weather standard are summarized in table 2.6 and the load center

level measurements that make up the system-weighted peak measurements are shown in table 2.7.

Table 2.6: Supply Resource Planning Peak Day Weather Standard: 2016 IRP vs. 2014 IRP

Table 2.7: Load Center Values for System-weighted Coincident Peak
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Temperature (hourly avg °F) 55| 49 ]|10.6] 9.3 |10.0|12.8|17.6]|12.1]|11.3|25.6(14.7] 10.5| 10.4
Wind Speed (hourly avg mph) 15.1|112.4| 8.8 | 20.8| 24.1|31.5]|22.6|18.6| 9.9 | 12.5|24.5|21.7]|21.4
Solar Radiation (daily sum watt/mn2) 2678|2157|2326| 2410 2836| 2736| 1868| 1966] 1933 | 2528 2026| 2537| 2534
Precipitation (daily sum in inches) 0 0 |001| O 0 0 |0.03]|0.11|0.03|0.17| 0O |0.01]0.01
Temperature Day Before (hourly avg °F)| 6.9 | 5.4 | 14.1| 9.4 | 11.1| 12.8]| 30.4| 17.9] 20.4| 30.9| 16.0] 12.0] 12.0
Day of Week M-Th|{M-Th|M-Th|M-Th|M-Th|M-Th|M-Th|M-Th|M-Th|M-Th|M-Th|M-Th|M-Th

Table 2.6 points out some of the key improvements of moving from an incomplete HDD measure of
weather to a more complete hourly average of numerous factors for the gas day:

1. Averaging the high and low temperatures for a day does not accurately account for the
temperature changes within a day that impact heating load and changing from a calendar to a
gas day measure of temperature impacts the temperature measurements for any given day.

* Where for the purposes of the IRP “Feb. 3, 1989” represents the 7 a.m. on Feb. 3 to 7 a.m. on Feb. 4 time period.

2.37



NW Natural 2016 Integrated Resource Plan
Chapter 2
Gas Requirements Forecast

While the system-weighted® HDD measure for the planning peak day was 53 HDDs (or 12.0°F) in
the last IRP it changed to 10.5°F (54.5 HDDs) in this IRP with the move to the temperature
measurement being an average of the 24 hourly temperatures of the gas day.*

2. The coldest temperature days in NW Natural’s service territory are often windy, sunny days:
Feb. 3, 1989 was a very cold day in terms of temperature, but it was also an incredibly windy—
albeit clear—day over most of NW Natural’s service territory.

3. Day of the week and holidays matter for gas usage and since temperature and day of the week
are independent it is not appropriate to assume that peak day weather will occur on one of the
lower usage days in a week or year when setting the standard that will ensure adequate
resources are available to meet peak day customer needs. While Feb. 3, 1989 was a Friday this
was purely random and could have been on a day a day of the week that would see more usage
(Monday—-Thursday), so the peak day planning standard assumes the peak day occurs on a
normal weekday (Monday, Tuesday, Wednesday or Thursday) to ensure that if peak weather
conditions are realized that the Company has enough resources to serve customers regardless
of the which day of the week the cold weather falls.

4. Due to the lag between the customers’ equipment response to cold weather and when there is
an “upstream” response at the gate stations and storage facilities that provide the data used by
NW Natural to forecast peak load, the previous day’s temperature adds significant explanatory
power to the model. Though this would not necessarily make sense if the load response were
instantaneous (like if NW Natural had high frequency metering for all its customers), this is not
the case as there is a lag between when customers’ equipment uses more gas and when there is
increased flow upstream at gate stations and storage facilities (where the bulk of the data to
estimate the peak day forecast is measured).

System-level Use Per Customer (UPC) Model

Regression analysis is used to predict daily aggregate firm sales use per customer (UPC)* under different
weather conditions through time using the last eight years of actual daily firm sales data® and customer
counts with the additional weather factors described in the previous section as the explanatory
variables.

The additional variables included in the system-level UPC model all proved to be highly useful in
predicting gas usage on NW Natural’s system for a given day using statistical methods. Consequently,

*° Defined as a weighting of load center level peak day weather measurements by the share of noncoincident peak
day load to determine a system-weighted peak day weather measurement.

* The average absolute value difference in temperature measurement for the 2,841 days included in the analysis
between the HDD measurement and the hourly average of gas day temperaturesis 1.5° F.

Daily System Firm Salest

* Where Daily Use Per Aggregate Firm Sales Customer, = - .
# of Firm Sales Customers;

* From Jan. 1, 2008 through Aug. 31, 2015, representing the entirety of the data available at the time of the
analysis.
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the results of the model proved to be more accurate and more precise at predicting usage on cold days,
particularly extremely cold days, than the model used in the 2014 IRP.

As one would expect more natural gas is used by customers on a given day the colder the temperature,
the higher the wind speed, the less solar radiation, and the more precipitation on that day.**
Additionally, customers use less gas on holidays than nonholidays and less on weekends than on
weekdays, with the lowest usage for the system found on holidays, then Saturdays, then Sundays, and
then Fridays.* There is no statistical difference in usage between Monday, Tuesday, Wednesday and
Thursday.

Figure 2.37 shows actual Firm customer gas usage for each day in the 2013-2014 Purchased Gas
Adjustment filing (PGA)/Gas Year*® against the new gas day temperature measure in addition to the gas
consumption predicted for all of the days in the gas year with the new system-level forecasting model.
The 2013-2014 Gas Year is chosen for exposition purposes since many of the coldest days in the last

20 years"’ were experienced during this heating season.

* The precise numerical impact of each of these drivers and load can be found in appendix 2.
*> Note that the Friday gas day represents the 7 a.m. on Friday to 7 a.m. on Saturday timeframe.
Y gas year spans Nov. 1 through Oct. 31 of the subsequent year.

“ Ona system-weighted coincident weather basis Dec. 8, 2013 was the most extreme day in the last 30 years for
the Eugene and Albany load centers and the most extreme day in recorded history for Eugene.
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Figure 2.37: Predicting Firm Gas Usage on a Peak Day
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Note that if temperature was the only explanatory variable the prediction line (the red line in

figure 2.37) would be linear in temperature rather than adjusting for other factors that cannot be shown
on a two-dimensional graph. Since the additional factors discussed above are included in the regression,
the prediction “line” takes its irregular shape, which is a visual depiction of how the average prediction
error (the difference between the predicted firm sales and the actual firm sales on any given day) is
greatly reduced with the new system-level UPC model. In other words, for a day with a given
temperature, there is still a wide range of expected firm sales for that day that can be explained by the
model depending on wind speed, precipitation, whether it is a weekend, how cold it was the previous
day, etc.

It is also pertinent that the peak planning weather conditions are more extreme than would be
predicted by temperature alone given that Feb. 3, 1989 was not only the coldest day in NW Natural’s
service territory in the last 30 years, but also an incredibly windy day that is assumed to fall on either a
Monday, Tuesday, Wednesday, or Thursday (even though it was actually Friday, which is associated with
lower usage). This correlation between extreme cold and high winds is statistically significant in the
Company’s service territory.48

8 This, however, does not imply that all days of extreme cold are windy days.
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The system-level UPC model also includes time (in days) as an explanatory variable to incorporate trends
in system usage due to changing customer composition amongst customer types, changes in expected
demand-side management savings, technological change, replacement of old equipment with new
equipment, changing code requirements, and numerous other factors. The overall trend is a decrease in
aggregate use per customer through time.

A price elasticity of demand measuring price by either the real weighted average cost of gas (WACOG) or
the real residential rate was ruled out statistically for days that have the highest heating needs (like a
planning peak day).*

Peak Day Firm Sales Forecast

Combining the customer forecast and the system-level UPC model under planning peak conditions
provides the basis of the peak day firm sales forecast, though adjustments are made for (1) changes in
the DSM/EE deployment projection relative to the 2014 IRP and (2) the small component of the
emerging markets forecast that is projected to be firm sales load. The peak day forecast adjustment due
to a change in projected DSM/EE relative to the last IRP represents a reduction of 2.4 percent from the
firm sales peak day forecast in 2035-36 while the adjustment for the firm sales component of the
emerging market forecast represents an increase of 0.08 percent to the firm sales peak day forecast in
2035-36. The DSM/EE deployment projection saw significant changes from the last IRP and its impact on
peak day usage is presented in detail in chapter 6 (with the significant changes to the avoided costs
calculation that is a key contributing factor to this change detailed in chapter 5).

Figure 2.38 shows the firm sales peak day forecast that represents the amount of supply resources that
NW Natural projects it needs to have in order to serve its customers if peak day weather conditions are
experienced in any given year of the IRP planning horizon. Note for illustration purposes NW Natural
assumes the peak day occurs in February of each heating season so that the 2015 figure represents a
peak day in the 2014-2015 heating season that occurs in February of 2015.%°

9 Appendix 2 addresses this issue in more detail.

*% This is relevant since time and customer count are important components of the peak day load forecast. The
February customer forecast and time of each year are assumed to be Feb. 3 of the given year.
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Figure 2.38: Firm Sales Peak Day Forecast: 2016 IRP versus 2014 IRP
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Relative to the 2014 IRP the peak day forecast is slightly higher in this IRP before 2030, and is lower
thereafter. A combination of four primary factors drove this change: (1) a change in the peak day UPC
methodology, (2) greater customer growth in 2014 and 2015 than predicted in the 2014 IRP, (3) an
updated customer forecast, and (4) an updated DSM/EE deployment projection. The change in the peak
day UPC methodology represents a slight increase in the peak day forecast (1.7 percent on average over
the planning horizon peaking at 2.4 percent in 2024), higher customer growth than predicted in the
2014 IRP for 2014 and 2015 represents an increase of 0.9 percent in the peak day forecast for 2016
relative to the 2014 IRP, the updated customer forecast represents the primary reason for the change in
the “shape” of the peak day forecast from the 2014 IRP accounting for an increase until 2029 (0.6
percent on average and peaking at 1.1 percent in 2023) and decrease after 2029 (growing to a 2.1
percent decrease in 2033), and the decrease in the forecast from a change in the DSM/EE deployment
projection relative to the 2014 IRP accelerates over the planning horizon and peaks at a 2.5 percent
reduction in 2036. This breakdown of the change in the peak day forecast is explored in more detail in
appendix 2.

While capacity needs (both supply and distribution/deliverability) are driven by peak usage, the space
heating dominance of NW Natural’s load means that average daily usage is drastically less than expected
usage on a planning peak day. Space heating dominance of load also means that usage is highly
dependent upon weather so that the highest usage day in a heating season (or PGA/Gas Year) will vary
dramatically from year to year depending on the most extreme weather day experienced in that year™

> Which is by definition only expected to be as extreme as the planning peak once every 30 years.
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and average daily usage for a given PGA (Gas Year) will be highly dependent upon how extreme the
weather is (either cold or mild) during the heating season overall.

Figure 2.39 shows that weather for the entire heating season and weather on the most extreme heating
requirement day of the year are correlated, but the correlation is not strong.* It is not uncommon for a
relatively mild heating season to have a single day that is colder than the coldest day in relatively colder
gas years or for a relatively cold heating season not to have the coldest day in the year be cold relative
to the coldest day in milder heating seasons.

Figure 2.39: Weather and Usage: Peak day Temperatures vs. Annual HDDs by Gas Year
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Annual heating season weather and coldest temp in a gas year have a correlation of 0.34 since 1970-71

Figure 2.40 shows the “peakiness” of NW Natural’s load and the importance of normalizing usage for
weather. It depicts (1) the actual values from 2007-2008 to 2014-2015>° for average daily usage relative
to the daily average that would have been expected over the gas year if normal weather®* had been
experienced, (2) the actual peak day usage for the same heating season relative to the “normal” peak
day that was expected for the year,’® and (3) the planning peak for the year that determines the amount

>2 This topic is discussed in more detail in Appendix 2.
> These gas years are represented as 2008 (by implication) and 2015, respectively, in figure 2.39.
>* Where normal weather is defined as the average of the last 30 years of data.

>> Where normal peak is defined as a 1-in-2, or 50 percent, probability the usage for the highest usage day in the
gas year will be higher and a 1-in-2, or 50 percent, chance the highest usage day in the gas year will be lower.
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of supply resources NW Natural maintains to serve its customers in case of a once in 30-year peak day
event. Actuals being higher than normal indicates that weather was colder than normal (for either the
peak day for the year of the gas year as a whole) and actual being lower than normal means that
weather was milder than normal.

Expected planning peak day load is approximately 40-percent higher than predicted normal year peak
day usage and more than five times the average daily usage in a year expected under normal weather
conditions. Furthermore, NW Natural’s annual load shape is not only “peaky” but growing “peakier”
through time as residential and commercial usage grows relative to industrial usage driving an increase
in the share of annual load that comes from space heating.>® This “peaky” load shape has numerous
implications for NW Natural’s resource planning, the most prominent being the relative attractiveness of
storage resources. However, while annual, seasonal, weekly, daily, and hourly load shapes present
complications and increased costs in the form of capacity resources, this effect is not as severe as the
implications of load shapes for electric utilities that do not have a technically mature and cost-effective
ability to store the product they deliver to customers like natural gas LDCs do.

Figure 2.40: Daily Usage: Average, Normal Peak and Planning Peak

Daily System Firm Sales: Average Day vs Peak Day
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(1) Normal Weather Daily Average = normal weather annual system firm sales/# of days in year

(2) Normal Year Peak Day = 50% probablity highest single day firm sales sendout for the year will be higher or lower
(3) Planning Peak Day = firm sales under design peak weather conditions (most extreme weather in last 30 years)
(4) Actual Daily Average = actual annual usage/# of days in year

(5) Actual Peak Day = highest firm sales load of any day in gas year

*® There are other factors contributing to this increased “peakiness” as well, including gas being used as a peaking
resource on-site for customers that use gas to back up heat pump systems that cannot be used to serve load at
extreme cold temperatures.
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Load Resource Balance

NW Natural does not add a reserve margin to its (planning) peak day load forecast, meaning the forecast
represents the level of supply resources the Company plans to procure in each year in order to serve its
customers in the event of a planning peak day weather event. Therefore, to determine the amount of
incremental supply resources that are needed for procurement over the IRP planning horizon the
difference between (1) the peak day load forecast and (2) the level of current (and committed to be
acquired/retired in the future) supply resources, or the load resource balance, is a critical component of
IRP planning. Figures 2.41 and 2.42 depict NW Natural’s load resource balance over the 20-year planning
horizon and include the high and low peak day forecast sensitivities.>’

The projected supply resource deficit is lower than that projected in the 2014 IRP through 2020, higher
from 2021 through 2027, and lower from 2028 through the end of the planning horizon. A combination
of (1) the change in the peak day load forecast described in this chapter and (2) changes to assumptions
about the energy content of gas at NW Natural’s storage resources and assumptions about the level and
timing of segmented capacity included in the Firm supply resource portfolio described in detail in
chapter 3 represent the change from the 2014 IRP. The supply options to meet the projected deficit are
described in chapter 3, and supply resource optimization and risk analysis are detailed in chapters 8

and 9, respectively.

Figure 2.41: Load Resource Balance

>’ Determined from the high and low sensitivities of the customer forecasts.
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Figure 2.42: Supply Resource Deficit Forecast
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Deliverability/Distribution Peak Hour Usage Forecasts

The process for determining the need for deliverability (distribution) resources is very similar to that
used to determine the need for supply resources, with the key differences being that the peak need
forecasted is peak hour firm sales for a specific load center under the peak weather conditions of that
load center (as opposed to peak day firm sales for the entire system under system-weighted coincident
peak weather conditions). Consequently, the planning peak hourly flow model for each load center is
similar to the system-level daily UPC model in that they include temperature, lags of temperature, wind
speed, precipitation, solar radiation, day of week, holidays, and time as explanatory variables. The load
center hourly flow models are more complex, however, in that they forecast firm sales flows directly®
using hourly usage and weather data®® while incorporating additional explanatory variables for number
of customers, hours of the day, large customer addition or loss, and additional lags of temperature. This
allows the hourly load shape throughout the day for each specific load center to be incorporated into
the projection for different weather patterns and days of the week and year.

Load center peak hour forecasts are new to this IRP and are an improvement upon the previous
methodology that applied a peak hour share from a general load shape to the peak day forecast of each

% As opposed to forecasting aggregate use per customer and multiplying UPC times number of customers.

> Using the same gas control data that was aggregated to the daily level to construct the system-level peak day
UPC model.
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load center to determine peak hour projected flow. The new methodology for forecasting load center-
level peak hour usage and its benefits are discussed in more detail in appendix 2.

Load Center Peak Hour Weather Standard

The peak weather standard is the same for the deliverability system as it is for supply resources, where
the most extreme heating requirements in 30 years define the resource planning standard. However,
while the coincident peak is used for the system-level peak day forecast, the peak hour weather
standards for each load center do not fall on the same hour, or the same day, for all load centers.
Table2.8 shows the peak hour weather conditions for each load center.®

Table 2.8: Noncoincident Load Center Planning Peak Hour Weather Measurements

Astoria C(c::::::y C:;r;::;'s/ Eugene | Newport C::‘:t-al F:::t- \FI,V[:):; Salem [The Dalles|Vancouver
Day 12/21/90|12/21/90| 12/8/13 | 12/8/13 |12/22/98| 2/3/89 | 2/3/89 | 2/3/89 | 2/5/89 | 1/31/96 | 2/3/89
Hour 7am 7am 7am 7am 7am 7am 7am 7am 7am 6am 7am
Temperature (°F) 6.1 12.9 2.5 -9.4 6.4 9.0 10.2 11.5 1.0 -3.1 2.5
Temp- 1 hour lag 6.1 12.9 3.0 -7.6 LS 10.0 8.1 9.5 3.0 -4.5 3.7
Temp- 3 hour lag 8.1 14.0 1.2 -9.4 21.7 10.9 4.1 4.6 B9 -6.5 4.1
Temp- 5 hour lag 8.1 14.0 1.4 -4.0 28.6 12.0 2.7 5.0 1.9 -4.4 4.6
Temp- 8 hour lag 10.0 15.1 4.5 -2.2 29.1 12.0 7.9 5.4 10.0 0.9 4.8
Temp- 24 hour lag 16.0 12.0 14.0 8.6 21.2 14.0 14.2 15.1 7.0 7.9 6.8
Wind Speed (mph) 6.9 6.9 0 0 3.4 34.4 28.6 20.8 0 5.8 18.3
Precipitation (inches) 0 0 0 0 0 0 0 0 0 0 0
Solar Radiation{w/m"2 0 0 0 0 0 0 0 0 0 0 0
Day of Week Mon-Thu | Mon-Thu|Mon-Thu| Mon-Thu| Mon-Thu| Mon-Thu|Mon-Thu| Mon-Thu| Mon-Thu| Mon-Thu|Mon-Thu

As can be seen in table 2.8, NW Natural’s service territory is somewhat diverse climatically when
discussing extreme heating season weather. While Eugene’s planning peak hour is -9.4°F, Coos County’s
is 12.9°F. Eugene is also interesting to point out as it experienced its coldest day in recorded history
stretching back more than 100 years on Dec. 8, 2013.%" Also, if each factor is isolated, precipitation
increases predicted load and solar radiation decreases it, none of the load centers has a planning peak
hour that includes precipitation since none of the peak hours saw precipitation since the planning peak
hour for each load center falls early in a winter morning before the sun has risen. Much as seasonal,
weekly, and daily load shapes are critical for supply resource planning, hourly load shapes are of critical
importance when it comes to deliverability/distribution system planning. Due to the combination of
weather driven and nonweather driven usage patterns the 7 a.m. to 8 a.m. hour is the typical planning
peak hour.

Intra-day hourly load shapes are shown in more detail in figure 2.43, which uses the Vancouver load
center as an example® to show load shapes for different gas days throughout the year as well as the
peak day.

% The difference between coincident peak and non-coincident peak can be seen by comparing table 2.7 with table
2.8.

" And presumably coldest hour, though it cannot be said with certainty since hourly data is not available for a
majority of this period.

6 Intra-day hourly load shapes for the other load center are found in Appendix 2.
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Figure 2.43: Intra-day Hourly Load Shape for Different Days throughout the Year:
Vancouver Example

The graph on the left of figure 2.43 shows actual expected flows for each hour of the gas day for a
typical day in July, October, and January, as well as the expected flows if the planning peak day weather
conditions were to occur in 2016 and points out the drastic difference in daily flows throughout the year
as well as peak day usage relative to usage during more typical weather conditions (even those
experienced during the winter).

The graph on the right shows the share of the gas day load predicted in each hour of the day. Not
surprisingly, the “shoulder months,” including September, October, April, and May, show the “peakiest”
intra-day load shape as temperatures are often cold enough during the night and early morning to drive
space heating usage but warm enough during the late morning, afternoon, and early evening that little
space heating load materializes. While one might expect winter loads to be peakier than summer loads,
this is not generally true as temperatures are typically cold enough to drive space heating needs
throughout the entire gas day and overwhelm the load shape that occurs from the largest source of load
that can be expected in any day of the year: water heating. Interestingly, while a lot of hour-to-hour
variation is expected on the planning peak day, it has the “flattest” load shape since peak days tend to
be extremely cold in all hours of the gas day and the space heating impact relative to water heating
impact is even further exacerbated.

The new load center peak hour usage models also allow noncoincident peak hour forecasts to be
projected into the future much more accurately than was possible with previous distribution system
planning methods, allowing needed distribution projects to be identified earlier and the potential for
location specific accelerated DSM/EE to be considered as an option to meet customer needs to be
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increased. The benefits of the new deliverability/distribution system planning process and a proposed
targeted DSM pilot are described in more detail in chapters 7 and 6, respectively.

9. ANNUAL ENERGY FORECAST

NW Natural uses the annual energy forecast to assess the Company’s balance between pipeline and
storage supply resources versus load requirements. The annual energy forecast integrates the customer
forecast, estimated use per customer parameters, and expected weather with energy savings from
demand-side energy efficiency and the forecast loads from Firm Sales Industrial customers and from
Firm Sales Emerging Markets to establish annual energy requirements. Unlike the 2014 IRP, the 2016 IRP
uses separate models from those used to estimate load under peak day conditions to estimate nonpeak
use per customer, using temperature as the sole explanatory variable.

NW Natural combines three separate models to estimate energy demand over the planning horizon:

1. Current annual use per customer estimate based on five years of billing data

Incentivized cost-effective energy-efficiency trend from Energy Trust

3. Nonincentivized annual use per customer trend for existing residential and commercial
customers based on four years of billing data

N

9.1. Current Annual Use Per Customer

NW Natural uses three years of billing and weather data to estimate nonpeak day energy demand. For
the 2016 IRP the billing and weather data are taken from the period 2012 through 2014. Previous results
for no-peak day energy demand were estimated using data from 2009 through 2011. NW Natural
developed statistical models with an appreciation for the wide variation in customer types and
differences in weather patterns between load centers. Demand estimates are created for each of seven
customer classes and specified at either the load center or state level (table 2.9).

Table 2.9: Usage Estimate Classes and Locations

Customer Class Location Specification
Residential Existing Load Center
Residential Conversion State

Residential SF New Construction State

Residential MF New Construction State

Commercial Existing Load Center
Commercial Conversion State

Commercial New Construction State

NW Natural previously estimated demand coefficients using a linear regression model with log
transformed variables, with results subsequently translated into a piecewise linear function to be used
in SENDOUT . In this IRP the Company directly estimated demand coefficients using a piecewise linear
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regression function as shown in the equation below. The coefficients resulting from these models can be
directly input into SENDOUT". Figure 2.44 shows an example of the data and resulting model fit.

a, Temp =k,
Use Per Customer =< a + by x (k; — Temp), ki > Temp >k,
a+ by x (k, —Temp) + by * (ky — k), Temp <k,

Where:
a = baseload (therms)
b; = Demand rate 1 (therms/°F)
b, = Demand rate 2 (therms/°F)
k; = break point 1 (°F)
k, = break point 2 (°F)
Figure 2.44: Annual Use Per Customer Model Example
m
£
[J]
=
>
[0
)
o
a
b
D

Temperature (°F)

Figures 2.45 through 2.48 show the current weather-normalized annual use per customer results along
with comparisons to the results from the 2013 WA IRP which is last time annual use per customer was
estimated using billing data.
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Figure 2.45: Annual Usage by Existing Residential Customers in the 2013 and 2016 IRPs
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Figure 2.46: Annual Usage by Residential Customer Additions in the 2013 and 2016 IRPs

Annual Usage:
Residential Additions

800

700

600

m 2013 IRP

W 2016 IRP

Therms per year
o
o
=)

OR WA OR WA OR WA
Conversion Single Family New Multifamily New

2.51




NW Natural 2016 Integrated Resource Plan
Chapter 2
Gas Requirements Forecast

Figure 2.47: Annual Usage by Existing Commercial Customers in the 2013 and 2016 IRPs
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Figure 2.48: Annual Usage by Commercial Customer Additions in the 2013 and 2016 IRPs
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9.2. Incentivized Cost-Effective Energy Efficiency

See chapters 5 and 6 for discussion and forecast of incentivized energy efficiency. NW Natural applied
the forecasted annual energy savings by adjusting the annual usage coefficients such that the reductions
match the projected base load and heat load savings.

9.3. Nonincentivized Annual Use Per Customer Trend

In addition to incentivized energy efficiency, annual energy usage can also decline for various other
reasons. For instance an old appliance may be replaced with new “standard efficiency” appliance which
is more efficient than the old appliance but not as efficient as what might be acquired with incentives.
Another reason NW Natural may see changes in energy usage is due to changes in customers’ housing
stock. Tracking a large sample of NW Natural customers over time might show that customers may add
gas equipment, switch some equipment to a different fuel type, or become a noncustomer due to
demolition of an old house or a full conversion to electricity. These and similar changes may, when taken
together, result in changes in average annual use per customer over time.

To estimate these changes requires that NW Natural look at a large sample of customers who have not
participated in Energy Trust programs over a period of time. At the time of the analysis NW Natural had
complete billing data dating to 2009 as well as NW Natural customer participation information from
Energy Trust dating from 2004 through 2013. Combining these sets results in a data period ranging from
2009-2013. NW Natural has not previously modeled a nonincentivized trend in annual usage. As such,
the data and methods used here will need to be updated and refined in future IRPs.

9.4. Final Annual Use Per Customer Trend

Figures 2.49 and 2.50 show NW Natural’s forecast of average annual use per customer for Residential
and Commercial customers, respectively. Residential average annual use per customer is declining at an
average annual rate of -0.3 percent per year (base load: -1.1 percent; heat load: 0.1 percent).
Commercial average annual use per customer is declining at an average annual rate of -1.2 percent per
year (base load: -1.9 percent; heat load: -0.3 percent).

While an increase in residential average heat load may seem counterintuitive given the increasing

energy efficiency of space heating equipment, the trend could be explained by higher penetration rates
of space heating in new construction and conversion customers relative to the current customer base.
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Figure 2.49: Residential Annual Usage Trend
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Figure 2.50: Commercial Annual Usage Trend
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9.5. Annual Firm Sales Forecast

Figure 2.51 shows the forecast of weather-normalized service territory annual firm sales demand by

customer class.

Figure 2.51: Forecast of Service Territory Annual Firm Sales
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10. KEY FINDINGS

Relatively slow regional economic growth will continue, with improvements in both Oregon
housing starts and employment.

Forecasted Henry Hub natural gas monthly prices in real terms will increase over the planning
horizon from recent levels. Monthly prices at trading hubs where NW Natural procures gas
supplies are forecast to almost double in real terms over the planning horizon from recent levels
of approximately $2 per Dth to almost $4 by the end of the period.

Lower than in the 2014 IRP, aggregate Residential and Commercial Firm Sales customer growth
averages 1.6 percent annually over the 20162035 planning horizon in the Base Case forecast,
with Oregon’s rate averaging 1.5 percent and Washington’s rate averaging 2.6 percent.
Alternative Firm Sales customer growth scenarios have average annual rates of 2.1 percent in
the High Growth scenario and 1.2 percent in the Low Growth scenario.

Emerging Markets’ Firm service load requirements over the planning horizon are small relative
to total requirements and Firm Sales requirements are extremely small.

Firm Sales design day peak demand in the 2016 IRP is, versus the 2014 IRP, up slightly in the
near-term and lower in the later years of the planning horizon.

Annual Firm Sales energy use grows at annual rates over the planning horizon of 0.6 percent in
Oregon; 1.5 percent in Washington; and 0.7 percent for NW Natural.

NW Natural’s load is peaky and becoming more so over time.
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1. OVERVIEW

This chapter discusses the gas supply
resources the Company currently uses
to meet existing Firm customer supply
requirements, recent changes in that
portfolio, and the supply-side
alternatives that could be used to meet
the forecasted growth in gas
requirements as described in chapter 2.
Supply-side resources include not only
the gas itself, but also the pipeline
capacity required to transport the gas,
the Company's gas storage options, and
the major system enhancements
necessary to distribute the gas. This
chapter describes these resources
without judgment as to the long-term
resources that will be chosen, which is
performed through the linear
programming analysis presented in
chapter 7. Also, as done previously,
potential resources are discussed in this
chapter that ultimately are deemed too
speculative to include in the portfolio
choice analysis in chapter 7, with
explanations for why they ended up on
the “cutting room floor.” Other
sections in this chapter will examine
risk elements associated with certain
supply resources, as well as a
discussion of gas price hedging and
other means to mitigate supply risks.

The gas supply planning process
focuses on securing and dispatching gas
supply resources to ensure reliable
service to the Company's sales
customers. The amount of gas needed
is greatly influenced by customer
behavior. Several factors can affect
customer behavior and cause hourly,
daily, seasonal, and annual variations in
the amount of gas required. Much of
this variation is due to changes in the

—

Key findings in this chapter include the following:

KEY FINDINGS

The Company will increase its reliance on segmented

capacity from 43,800 Dth/day (as shown in the 2014 IRP) to
60,700 Dth/day. However, the Company needs to plan for
the eventual phase-out of segmented capacity because its
peak day reliability is expected to degrade over time. For this
IRP, that phase-out date is Nov. 1, 2020.

Due to concerns regarding firm transportation service
reliability, Plymouth LNG was removed from the Company’s
firm resource stack effective Oct. 31, 2015.

The Company resolved a similar issue regarding firm
transportation service from Jackson Prairie through the
execution of a new TF-1 agreement with Northwest Pipeline,
which became effective on Nov. 1, 2015.

A prior concern over maximum daily delivery obligations
(MDDOs), that is, firm gate station capacity rights, has been
resolved for this IRP’s planning period through the creation
of additional MDDOs from capacity segmentation along with
a methodology change that was adopted after consultations
with Northwest Pipeline.

A glut of natural gas liquids (NGLs) has led to a higher heat
content of the gas flowing on the regional pipeline system,
which in turn has slightly boosted the capabilities of the
Company'’s storage plants. However, the NGL glut is not
expected to persist indefinitely, so this impact has been
modeled as gradually phasing out over time.

As part of the Company’s ongoing asset management
practice, the action plan of this IRP includes repairs,
replacements and/or modifications to the dehydration
systems at Mist. Chapter 1 includes this as the following
action item:

o Replace or repair, depending on relative cost-
effectiveness, the large dehydrator at Mist’s Miller
Station. Replacement is currently estimated to cost
between $6 million and $7 million based on
estimates obtained from a third party engineering
consulting firm engaged by NW Natural. NW Natural
will evaluate alternatives associated with the Al’s
Pool and Miller Station small dehydrator systems at
Mist to determine if and when additional actions are
warranted. J
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weather. However, changes in business conditions, efficiency measures, changing technology, and the
price of natural gas service relative to other fuel alternatives also influence customer gas use. These
behavioral factors are accounted for in the Company's gas requirements forecast and are discussed in
more detail in chapter 2.

The ability to plan for customer requirement variations while maintaining reliability of service is best
accomplished by having a variety of supply resources available. The Company's current supply portfolio
includes natural gas supplies contracted on a term basis or purchased on the spot (daily) market, which
are transported on the interstate pipeline system, as well as storage resources, which are gas supplies
purchased during off-peak periods and stored for use in either underground formations or in above-
ground tanks as liquefied natural gas (LNG).* Both can be used as peaking resources during periods of
high demand.

Another resource in the Company's portfolio is a variation on storage. It consists of optional supply
agreements with industrial customers, operators of gas-fired electric generation plants and gas
suppliers. These “recall agreements” allow the Company to obtain gas supplies controlled by these
parties for a limited number of days during the heating season. The alternate fuel tanks of the end-users
could be thought of as the storage medium. In the event of a recall, these end-users decide whether to
shut down or switch to alternative fuel as they see fit.

For a variety of reasons, these recall agreements most closely resemble the Company’s LNG supplies.
First, there is a strict limitation on the number of days in which the recall option is made available to the
Company during the heating season. Second, the delivery point is at the citygate” or within the
Company's service territory, mirroring that of the Company's storage resources. And finally, like LNG,
this is a relatively expensive resource on a pure cent per therm basis because prospective suppliers of
this service expect it to be called upon during the harshest weather, when alternate fuel costs are
highest and resupply is uncertain, and so they must include the possible cost of plant shutdowns and
product loss. Most customers are simply unwilling to even consider providing such a service on a
negotiated basis, and others may be too small to be of interest to the Company. However, because
recall agreements can be cost-effective when looking at overall costs, the Company continues to pursue
such resources where feasible.

Liquefied natural gas (LNG) is natural gas in its liquid form. When natural gas is cooled to -258°Fahrenheit (-161°
Celsius), it becomes a clear, colorless, odorless liquid. LNG is neither corrosive nor toxic. Natural gas is primarily
methane with low concentrations of other hydrocarbons, water, carbon dioxide, nitrogen, oxygen and sulfur.
Most of these other elements are removed during the liquefaction process. The remaining natural gas is
primarily methane with only small amounts of other hydrocarbons. LNG weighs less than half the weight of
water so it will float if spilled on water, then vaporize as it warms above -258°.

A “gate station” is a location where the Company’s distribution system is physically connected to the upstream

delivering pipeline (usually Northwest Pipeline). Operations such as metering, pressure regulation and
odorization occur at gate stations. The Company has over 40 gate stations and they are collectively referred to
as the “citygate.”
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NW Natural expects its gas supply requirements to increase as its firm customer population grows. The
characteristics of this load increase are a critical component of the resource selection process. For
example, water heater demand is relatively constant throughout the year. Additional water heater load
could be met most efficiently and economically by a resource that has relatively constant deliverability
year-round—a baseload resource. The growth in space heating requirements tends to be highly seasonal
in nature. This type of load growth is best met with a combination of baseload and peaking resources.
Peaking resources are designed to deliver large volumes of gas for a short duration, such as during cold
weather episodes.

Basic economic theory holds that when the price of a good or service increases, then all else being
equal, demand for that good or service should decrease. For natural gas, this could arise from structural
changes, such as the installation of higher efficiency appliances and insulating materials. Or, it could
result from behavioral changes, such as turning down thermostat settings and dressing warmer. The
structural changes should persist under most conditions, but the behavioral changes easily could be
reversed. For example, a customer may lower the setting of his/her thermostat in response to higher
prices, but during an extreme cold weather episode, raise that thermostat setting rather than risk frozen
pipes or endure uncomfortable conditions. This may be a temporary move having a negligible impact on
annual requirements, but—when aggregated over many customers—could have a meaningful impact on
design day requirements.

Given these complexities, the Company has assembled a portfolio of supplies to meet the projected
needs of its Firm customers. At the same time, this portfolio is flexible enough to enable the Company to
negotiate better opportunities as they arise. Existing contracts have staggered terms of greater than one
year to very short-term arrangements of 30 days or less. This variety gives the Company the security of
longer-term agreements, but still allows the Company to seek more economic transactions in the
shorter term.

2. CURRENT RESOURCES

A map showing the existing natural gas pipeline and storage infrastructure in the Pacific Northwest is
shown in figure 3.1, which may be helpful as a reference as each component of NW Natural’s supply
portfolio is described in the following sections. The capacities in the map are shown in thousands of
Dths per day (MDth/day). As discussed in section 4.3 of this chapter, the heat content of the gas
currently flowing through the Northwest Pipeline system is slightly elevated compared with history, so
current capacities are slightly higher than shown in the map.
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Figure 3.1: Pacific Northwest Infrastructure and Capacities (in MDth/day)3

Source: Northwest Gas Association, 2015 Gas Outlook
2.1. Gas Supply Contracts

The Company’s portfolio of supply contracts for the 2015-2016 heating season is indicated in table 3.1.
The contracts with recent expiration dates will be renegotiated or replaced for the next heating season.
The term “Baseload Quantity” refers to a contract with a daily delivery obligation, while the label “Swing
Supply” means one party has an option to deliver or receive (as applicable) all, some or none of the
indicated volumes at its sole discretion.

2.2 Current Pipeline Transportation Contracts

The Company holds firm transportation contracts for capacity on the Northwest Pipeline Corporation
(NWP) interstate pipeline system, over which all of the Company’s supplies must flow except for the

3 MDth/day stands for thousands of Dekatherms per day.

3.4



NW Natural 2016 Integrated Resource Plan
Chapter 3
Supply-Side Resources

small amount of natural gas that is locally produced either in the Mist field (less than 2 percent of
annual requirements) or from biogas (zero for now).

For its purchases in Alberta and British Columbia, NW Natural also holds transportation contracts on the
pipeline systems upstream of NWP, namely Gas Transmission Northwest (GTN, a unit of TransCanada
Pipelines Limited), TransCanada’s system in southeastern British Columbia (known as Foothills),
TransCanada’s Alberta system (known as NGTL or Nova), Westcoast Energy Inc. (WEI, a division of
Spectra Energy) and the Southern Crossing Pipeline (SCP) owned by FortisBC Inc. (formerly known as
Terasen and before that BC Gas). The Company has released a small portion of its NWP capacity to one
customer but has retained certain heating season recall rights. Details of the current transportation
contracts are provided in table 3.2.

Since the implementation of FERC Order 636 in 1993, capacity rights on U.S. interstate pipelines have
been commoditized; i.e., capacity can be bought and sold like other commodities. These releases and
acquisitions occur over electronic bulletin board systems maintained by the pipelines, under rules laid
out by FERC. To further facilitate transactional efficiency and a national market, interstate pipelines have
standardized many definitions and procedures through the efforts of the industry-supported North
American Energy Standards Board (NAESB), with the direction and approval of FERC. Capacity trades
also can occur on the Canadian pipelines. In general, Canadian pipeline transactions are consistent with
most of the NAESB standards.

As mentioned above, virtually all of the natural gas used by the Company and its customers has to be
transported at one time of the year or another over the NWP system, which is fully subscribed in the
areas served by the Company. Usage among NWP capacity holders tends to peak in roughly a coincident
fashion as cold weather blankets the Pacific Northwest region. Similarly, NWP capacity that may be
available during off-peak months tends to be available from many capacity holders at the same time.
This means that the Company is rarely in a position to release capacity during high value periods of the
year, and it would be unusual for capacity to be available for acquisition during peak load conditions.

Given the dynamics of market growth and pipeline expansion, the Company will continue to monitor
and utilize the capacity release mechanism whenever appropriate, but primarily this will mean
continuing to use its asset management agreement (AMA) with a third party to find value-added
transactions that benefit customers.
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Table 3.1: Firm Off-System Gas Supply Contracts for the 2015-2016 Tracker Year

3.6

Supply Location Duration Baseload Swing Contract
Quantity Quantity Termination Date
(Dth/day) (Dth/day)
British Columbia
Tenaska Marketing Canada Nov-Oct 10,000 10/31/2016
PetroChina International Nov-Oct 5,000 10/31/2016
Conoco Phillips Nov-Oct 5,000 10/31/2016
EDF Trading Nov-Mar 5,000 3/31/2016
Powerex Nov-Mar 5,000 3/31/2016
Conoco Phillips Nov-Mar 5,000 3/31/2016
J. Aron Nov-Mar 5,000 3/31/2016
PetroChina International Nov-Mar 2,500 3/31/2016
Alberta:
Conoco Phillips Nov-Mar 5,000 3/31/2016
Suncor Energy Nov-Mar 5,000 3/31/2016
Cargill Nov-Mar 5,000 3/31/2016
Iberdrola Energy Services Nov-Mar 5,000 3/31/2016
Husky Nov-Oct 5,000 10/31/2016
Iberdrola Energy Services Nov-Mar 5,000 3/31/2016
Husky Nov-Mar 5,000 3/31/2016
Shell Energy North America Nov-Mar 10,000 3/31/2016
(Canada)
Conoco Phillips Nov-Mar 5,000 3/31/2016
Suncor Energy Nov-Mar 5,000 3/31/2016
TD Energy Trading Nov-Mar 5,000 3/31/2016
TD Energy Trading Nov-Mar 5,000 3/31/2016
J. Aron Nov-Mar 10,000 3/31/2016
J. Aron Apr-Oct 10,000 10/31/2016
Rockies:
Ultra Resources Nov-Oct 10,000 10/31/2016
Shell Energy North America (US) Nov-Mar 5,000 3/31/2016
Iberdrola Energy Services Nov-Mar 5,000 3/31/2016
QEP Marketing Company Nov-Oct 5,000 10/31/2016
Macquarie Energy Nov-Oct 10,000 10/31/2016
Castleton Commodities Nov-Mar 5,000 3/31/2016
BioUrja Trading Nov-Mar 5,000 3/31/2016
Macquarie Energy Nov-Oct 5,000 10/31/2016
Ultra Resources Nov-Mar 10,000 3/31/2016
Macquarie Energy Nov-Mar 5,000 3/31/2016
Iberdrola Energy Services Nov-Oct 5,000 10/31/2016
Anadarko Energy Services Nov-Oct 5,000 10/31/2016
Total, November-March 182,500 10,000
Total, April-October 65,000 10,000
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Table 3.2%: Firm Transportation Capacity as of November 2015

Pipeline and Contract

Northwest Pipeline:

Contract Demand(Dth/day)

Termination Date

Sales Conversion (#100005) 214,889 10/31/2025
1993 Expansion (#100058) 35,155 9/30/2044
1995 Expansion (#100138) 102,000 10/31/2020
Occidental cap. acq. (#139153) 1,046 10/31/2024
Occidental cap. acq. (#139154) 4,000 3/31/2025
International Paper cap. acq. (#138065) 4,147 10/31/2024
Total NWP Capacity 361,237

less recallable release to -

Portland General Electric (30,000) 10/31/2016
Net NWP Capacity 331,237

TransCanada - GTN:

Sales Conversion 3,616 10/31/2023
1993 Expansion 46,549 10/31/2023
1995 Rationalization 56,000 10/31/2016
Total GTN Capacity 106,165

TransCanada - Foothills:

1993 Expansion 47,727 10/31/2016
1995 Rationalization 57,417 10/31/2016
Engage Capacity Acquisition 3,708 10/31/2016
2004 Capacity Acquisition 48,669 10/31/2016
Total Foothills Capacity 157,521

TransCanada - NOVA:

1993 Expansion 48,135 10/31/2020
1995 Rationalization 57,909 10/31/2020
Engage Capacity Acquisition 3,739 10/31/2020
2004 Capacity Acquisition 49,138 10/31/2020
Total NOVA Capacity 158,921

T-South Capacity (through Tenaska) 30,000 10/31/2016
Southern Crossing Pipeline 48,000 10/31/2020

* Notes to table 3.2:

a. For existing contracts, the SENDOUT® model uses the pipeline rates currently paid by NW Natural, i.e., there are

no assumptions regarding future rate increases or decreases for existing pipeline capacity.

b.The Southern Crossing contract is denominated in volumetric units. Accordingly, the above energy units are an

approximation.

c. The contract demands shown for the 1993 Expansion contracts on GTN and Foothills are for the winter season
(October-March) only. Both decline during the summer season (April-September) to approximately 30,000

Dth/day.
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2.3. Current Storage Resources

The Company relies on four existing storage facilities in or near its market area to augment the supplies
transported from British Columbia, Alberta and the Rockies. These consist of underground storage at
Mist and Jackson Prairie, along with LNG plants located in Portland (also referred to as Gasco) and
Newport, Oregon. The Company owns and operates Mist, Gasco, and Newport LNG, all of which reside
within the Company’s service territory. Hence, gas typically is placed into storage at these facilities
during off-peak periods, and when needed during peak periods, these supplies do not require further
transportation on the NWP system.

In contrast, Jackson Prairie storage is located about 80 miles north of Portland near Centralia,
Washington, i.e., outside the Company’s service territory. Jackson Prairie has been owned and operated
by other parties since its commissioning in the 1970s. The Company contracts for Jackson Prairie storage
service from NWP, which also contracts separately for the transportation service from Jackson Prairie to
the citygate.

Concerns regarding the continued reliability of this NWP transportation service were discussed in the
Company’s 2014 IRP, and subsequently resolved with the signing of a new transportation agreement
with NWP as covered in the Company’s 2014 IRP Update and subsequent Purchased Gas Adjustment
(PGA) filings in Oregon and Washington.>

Table 3.3 shows the maximum capabilities of these four firm storage resources, while table 3.4 shows
the new configuration of agreements that transport the gas from Jackson Prairie on NWP’s system.

Table 3.3: Firm Storage Resources as of November 2015°

Max. Daily Max. Seasonal
Facility Rate Capacity (Dth)
(Dth/day)
Jackson Prairie 46,030 1,120,288
Mist (reserved 305,000 10,960,560*
for core)
Gasco LNG 128,880 * 644,400*
Newport LNG 65,340* *980,100*

> OPUC 2014 IRP, Docket No. LC 60, Update filing made on May 8, 2015.0PUC 2015 PGA Docket No. UG 298,
Advice No. 15-12A, in Exhibit C of the Supporting Materials. WUTC 2015 Docket No. UG-151826.

® The numbers in this table with an asterisk originated from volumetric units (e.g., Bcf) that have been converted
to energy units (Dth) using the current heat content (Btu per cf) of the applicable facility. The other numbers in
this table do not need to be adjusted for heat content because they originate from contracts (Jackson Prairie) or
deliverability calculations (Mist) that are specified in energy units.
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Table 3.4: Jackson Prairie Related Agreements as of November 2015

Maximum Firm | Primary Firm |Subordinate Firm
NWP Rate Schedule |Withdrawal Rate| Transportation | Transportation
(Dth/day) (Dth/day) (Dth/day)

Storage Service:

SGS-2F 46,030
Transportation Service:

TF-1 13,525

TF-2 23,038 9,586

TF-2 9,467 3,939
Total Transportation 46,030 13,525

The Company’s utility customers currently receive underground storage service at Mist through the
Miller Station central control and compressor facility using four depleted production reservoirs (Bruer,
Flora, Al's Pool and a portion of Reichhold), collectively referred to as Mist storage. The Mist storage
deliverability and seasonal capacity shown in table 3.3 represent the portion of the present facilities
reserved for utility service. Mist began storage operations in 1989 and currently has a maximum total
daily deliverability of 515 million cubic feet” per day (MMcf/day) and a total working gas capacity of

16 billion cubic feet (Bcf) in the above mentioned reservoirs plus three newer reservoirs (Schlicker,
Busch and Meyer). These volumetric figures are converted to energy values (Dth) using the heat content
of the injected gas. That heat content conversion factor had been relatively constant at 1,010 Btu/cf in
prior years, but has changed recently and results in some adjustments that will be discussed in detail in
a subsequent section.

Capacity in excess of core needs is made available for the nonutility storage business and AMA activities.
As core needs grow, existing storage capacity may be recalled and transferred for use by core utility
customers, which NW Natural refers to as Mist Recall. The IRP models the recallable portion of Mist as
an incremental resource.

The Company also contracts on occasion for storage service in the supply basins, most typically in
Alberta due to its relative abundance of merchant storage facilities. These contracts are not modeled in
the IRP because they would double-count the same upstream pipeline capacity used for the Company’s
normal gas purchases. That is, any gas placed in supply-basin storage will use the same pipeline capacity
for delivery to the Company’s service territory as would normal winter purchases. The decision to
contract for supply-basin storage is based on the differentials between winter and summer gas purchase
prices versus the cost of the storage service, which change constantly. Accordingly, as with other
commodity contracts, financial hedges, etc., the process to review supply-basin storage agreements is
part of the annual PGA filing rather than the IRP.

7 All uses of cubic feet in this chapter assume “standard conditions” of gas measurement, i.e., temperature of 60°F
and pressure of 14.7 pounds per square inch absolute.
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At present, the Company has three such supply-basin storage contracts, all in Alberta, with maximum
seasonal capacities in the following amounts:

Tenaska Marketing Canada 947,817 Dth
AECO Gas Storage Partnership (Niska) 1,895,634 Dth
J. Aron & Company 1,530,000 Dth

2.4. Other Current Supply Resources

The Company uses three other types of supply-side resource in its current portfolio — Recall Agreements,
Citygate Deliveries and Mist Production — which can be described as follows.

Recall Agreements: Not to be confused with Mist recall, but in a sense is a variation on storage; these
are third-party agreements that allow the Company to utilize gas supplies delivered to end users in the
Company's service territory for a limited number of days during the heating season. These supplies
otherwise would be consumed by those end users, but instead, they turn to their own alternatives for
energy supplies and/or scale back operations as they so choose.

The Company currently has three such recall arrangements, as summarized in table 3.5.

Table 3.5: Recallable Supply Arrangements as of November 2015°

Counterparty Max. Daily Rate | Max. Annual Recall Termination Date
(Dth/day) (days)
PGE 30,000 30 10/31/2016
International Paper 8,000 40 Upon 1-year notice
Georgia-Pacific - Halsey 1,000 15 Upon 1-year notice
Total Recall Resource 39,000

All of the above agreements provide for continuation after the termination date if mutually acceptable,
with the latter two agreements already in their annual evergreen periods. The PGE deal utilizes NWP
capacity that the Company releases on a recallable basis and correlates to customer release volumes
shown in table 3.2. Should this arrangement terminate, the released NWP capacity would revert back to
the Company. In contrast, the International Paper and Georgia Pacific deals utilize NWP capacity held by
those companies.

The pricing of the recallable supplies reflects the peaking nature of the service. The incremental price of
any recalled supplies typically is tied to alternative fuel costs (diesel, propane, etc.), and so would not be
economic to dispatch unless weather conditions were extremely cold.

® For each listed recall resource, the SENDOUT® model includes the cost the Company is currently paying for the
service.
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Citygate Deliveries: As the name implies, these are contracts for gas supplies delivered directly to the
Company'’s service territory by the supplier utilizing their own NWP transportation service. Such
deliveries could be arranged as baseload supplies, or on a swing basis, i.e., delivered or not each day at
the option of the Company. The Company had one citygate agreement in place last winter, a swing
arrangement that allows up to five days’ usage during the December through February time period. If
deliveries are utilized, the commaodity price for the delivered volumes is index-based and expected to be
extremely high.

Mist Production: This is the native gas still being produced from reservoirs in the Mist field about 60
miles northwest of Portland. Production of the local gas allows for the eventual conversion of those
underground reservoirs to storage use, and in the meantime, the local gas is being purchased at a
competitive price. As previously mentioned the flow rate is small and total Mist production amounts to
less than 2 percent of the Company’s annual gas purchases.

3. RISK ELEMENTS

An implicit assumption of most prior IRPs has been that supply-side resources function perfectly, i.e., to
their design capacities, when and as needed to meet Firm customer requirements. More recently, the
topic of resource reliability has been explored by the Company.’ For example, as customer loads
approach the peak day design, the weather conditions are by definition extreme, and so it is not
unreasonable to assess some likelihood of equipment or pipeline outages arising from such harsh
conditions. The purpose of this section is to make explicit some significant supply-side risk elements,
other than the potential for physical equipment/pipeline outages, that also have been part of the
Company’s implicit assumptions within past resource plans.

3.1. Curtailment of Firm Pipeline Service

The risk element that highlighted the need for this section was the realization that certain firm resources
do not need to experience physical outages for the service to be curtailed. The specific resource in
guestion was NWP’s Rate Schedule TF-2 transportation service.

What is TF-2 service? During the deregulation of the gas industry in the late 1980s, the merchant
function of the interstate pipelines was unbundled and firm sales services were converted to firm
transportation services. For NWP, this is their Rate Schedule TF-1. Later, in the early 1990s, storage
services also became subject to unbundling, that is, separating the service at the storage facility itself
from the pipeline transportation service that had been included (bundled) within the storage service
rate schedule. While the unbundled pipeline transportation service was considered a firm service, using
the same TF-1 rate structure did not seem appropriate since the transportation service associated with a
storage facility would not be available year-round, but only when gas was available for withdrawal or
vaporization from that storage facility. Thus was born Rate Schedule TF-2 out of a NWP rate case
settlement about 20 years ago. In this region, that unbundling applied to Jackson Prairie and Plymouth.™

° See chapter 5 of NW Natural’s 2013 Integrated Resource Plan as filed on March 28, 2013, in WUTC Docket No.
UG-120417.
% For further details see NWP’s FERC Docket No. RP93-5-011.
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Plymouth is an LNG plant located in eastern Washington across the Columbia River from Umatilla,
Oregon. It is owned by NWP, which has operated it since the 1970s. Service at Plymouth is contracted by
NWP to a small number of parties that previously included NW Natural.

The subordinate or secondary nature of portions of the TF-2 firm transportation service had been in
place for those 20 years without incident (the terms “subordinate” and “secondary” are used
synonymously by NWP to denote priorities that are below that of TF-1 “primary” firm transportation
service). Then came Dec. 6, 2013. On that morning, as a cold weather event was enveloping the region,
the Company scheduled (“nominated”) its Plymouth storage service (Rate Schedule LS-1) and related TF-
2 transportation service for flow the following gas day. NWP initially confirmed those nominations, but
then informed the Company later that same day that the TF-2 service would have to be curtailed due to
its secondary nature and a lack of available transportation capacity between the Plymouth plant and the
Company’s system. That is, there was no available capacity through the Columbia River Gorge section of
NWP’s pipeline system.

The curtailment of this TF-2 service led to numerous discussions with NWP. NWP stated that it
performed an historical analysis of NW Natural’s Plymouth TF-2 service examining NWP’s highest peak
day of demand in the I-5 corridor for each of the last 14 years. NWP’s analysis indicated that

NW Natural’s Plymouth TF-2 service would have been reliable in 12 of those prior 14 years. Of course
none of these prior 14 years experienced weather conditions comparable to the Company’s design
weather peak day.

NW Natural concluded that it could no longer count on its 60,100 Dth/day of Plymouth TF-2 service as a
firm resource during design cold weather events. It might flow, or it might be curtailed due to its
secondary nature—there is no way to know in advance as it depends on the actions of other NWP TF-1
transportation service holders. Accordingly, the Company removed Plymouth TF-2 deliveries from its
firm resource stack in the 2014 IRP because they were less reliable than previously believed."

Plymouth effectively became a supply area storage facility for the Company. That is, like the Alberta
storage contracts previously discussed, the decision to contract for storage service at Plymouth would
need to be based on its cost-effectiveness in offsetting other supply area purchases.

Supply-basin storage agreements have in the past pertained to underground storage, in which the
withdrawals generally need to be spread to some extent throughout the entire winter but the service
charges can be relatively low. In contrast, Plymouth's LS-1 service could be utilized in a concentrated
manner on a small number of (presumably) very highest priced winter days. But because Plymouth is an
LNG facility, those LS-1 charges are substantially higher on a per unit basis than underground storage. In
recent years, except for the cold weather event in early February 2014, there were no occasions in
which gas from Plymouth was a relative bargain compared to spot gas prices. Accordingly, the Company
terminated its LS-1 and related TF-2 agreements with NWP, which took effect on Oct. 31, 2015.

"t should be noted that this evaluation occurred prior to the March 31, 2014 explosion at the Plymouth plant
that crippled its service capabilities for about two years.
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In those same December 2013 discussions with NWP, the question also arose as to the reliability of the
portion of the Company’s TF-2 firm transportation service agreements from Jackson Prairie that were
labeled as subordinate. As shown in table 3-4, this amounts to 13,525 Dth/day.

Since Jackson Prairie is north of the Company’s service territory, its TF-2 service flows in the same path
as gas from British Columbia (the Sumas receipt point), not from the east through the already-
constrained Columbia River Gorge section as with Plymouth. The Company learned that this pathway
from Jackson Prairie appears reliable for now. For example, NWP confirmed that the pathway from
Jackson Prairie has never been constrained in all the years since the execution of these particular TF-2
service agreements in 1989. However, the subordinate nature of any service does mean it has a lower
priority than primary firm service and so has a greater likelihood of curtailment.

Over the long term, it did not appear prudent to rely on this type of capacity because eventually the
loads on the NWP system being served from Sumas will grow and reduce the reliability of any
transportation that is less than TF-1 primary firm service. Subsequent negotiations with NWP yielded a
discounted TF-1 service from Jackson Prairie to provide 13,525 Dth/day of additional firm transportation
service, as detailed in the Company’s 2014 IRP Update filing made in May 2015. This agreement has a
primary term until October 31, 2023, with a standard annual bi-lateral evergreen provision thereafter.
Hence, the Company believes this issue has been resolved and can model the entire Jackson Prairie
storage contract as a firm resource for the full IRP planning period.

3.2. Reliance on “Segmented” Capacity as a Resource

The removal of Plymouth in 2014 created an immediate deficiency in NW Natural’s resource stack. To
deal with that deficiency, at least for the short term, the Company decided to rely in part on another
NWP transportation resource that, like secondary and subordinate TF-2 capacity, also has a scheduling
priority that is below TF-1 primary firm service, namely segmented TF-1 capacity. To explain segmented
capacity, it probably is helpful to start by describing three attributes of NWP’s pipeline system
operations.

First, NWP’s pipeline system receives gas supplies from the north (British Columbia gas delivered via
WEI), from the south (U.S. Rockies directly into NWP), and in the rough middle of the system (Alberta
gas delivered via GTN). This means that when buying and scheduling gas purchases, the apparent flow of
the gas on paper may not match the actual physical flow of the gas. This is due to the interplay of
offsetting gas movements and is generally referred to as “displacement.” This is what gave rise to the
“postage stamp” rate design that traditionally has been used on NWP. A postage stamp can transport an
envelope across town or across the country for the same rate. It is an apt analogy for NWP, where the
same rate applies whether the gas is being shipped 100 miles or 1,000 miles.

Second, the usage of a NWP transportation agreement is not strictly limited to the receipt and delivery
points listed in those contracts. The contractual points establish the “primary” firm characteristics of the
service, but other receipt and/or delivery points could be used as well. In those cases, some aspect of
the transportation service will not be primary firm, i.e., it will be secondary firm. Just as described above
in the TF-2 discussion, the relative reliability of secondary TF-1 service depends on the constraints in
that secondary pathway that is being used. This is no different from other pipeline systems in the U.S,,
but because of NWP’s postage stamp rate design, the customer (“shipper”) does not pay any additional
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charges if the new pathway is longer than the original pathway.

Third, there is the process of segmentation itself. A pipeline contract is used to transport gas from points
where gas is received into the NWP system (receipt points) to points when gas is delivered to an
interconnecting party such as an Local Distribution Company (LDC), another pipeline or a direct connect
customer (delivery points). In the illustration below (figure 3.2), “A” is a circle and denotes the primary
receipt point, while “D” is a diamond and indicates the primary delivery point. Between the primary
receipt and primary delivery points in a contract (between A and D), there could be numerous other
receipt or delivery points (illustrated in figure 3.2 as delivery point “B” and receipt point “C”). These in-
between points could be used on a secondary basis as mentioned in the preceding paragraph. That is,
gas could be transported from A to B or from Cto D.

If a shipper only wants to use the “segment” from A to B, then the remainder of its capacity goes
unutilized while the shipper pays the same postage stamp rate for the shorter movement.

Could the shipper release the segment from C to D while still using the segment from A to B? Yes, that is
the essence of capacity segmentation and release. The “releasing” shipper pays the exact same postage
stamp rate for the movement from A to B, so NWP is kept whole. Any payment that a “replacement”
shipper is willing to make for the segment from C to D goes to the releasing shipper, except for the
variable costs of transportation service that reimburse NWP for the incremental usage of the pipeline.

Figure 3.2: Capacity Segmentation Illustration

A B C D

o ——e

From this basic concept of capacity segmentation and release, two important features follow.

First, the releasing shipper, who retained the segment from A to B, could still use that segment to move
gas from A to D. The delivery point is said to have been “flexed” from B to D. This is now secondary firm
transportation because the gas is being moved outside of its new primary pathway (A to B). The
reliability of service has been compromised, but the extent depends on the pathway being used.
Similarly, the replacement shipper also is not restricted to just to the C to D segment, but on a
secondary basis could move gas from A to D, i.e., “flex” the receipt point from C to A. Most importantly,
there are no additional demand charges to either shipper from these longer movements due to the
postage stamp design.

Second, there is nothing that precludes the releasing shipper and the replacement shipper from being
the same party. A shipper could leverage its original capacity and hold multiple segments, with no
additional costs except for the variable charges applicable to the actual delivered gas volumes. The
number of segments that can be created is a function of the receipt and delivery points that lay in-
between the points in the original contract. The downside is that the segments would be secondary firm
if used outside their new pathways. Again, the extent to which that is a detriment depends on the
competition for capacity in the applicable pathways.
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For many years now, NW Natural has performed such capacity segmentations and releases (to itself and
others), then flexed the receipt and delivery points to create useful, albeit secondary, firm
transportation on the NWP system. The creation of Interstate Storage service was particularly helpful
because it led to the development of Molalla and Deer Island gate stations as delivery points on NWP’s
system, where before they only had been receipt points. Indeed, all of the useful capacity
segmentations performed by NW Natural tend to relate back to Molalla and Deer Island as the key
points for segmentation.

Because of its secondary nature, the Company had refrained from including segmented capacity in its
past IRP analyses. The Plymouth situation, however, and the related discussion pertaining to Jackson
Prairie, caused a reassessment of this approach in the 2014 IRP. As with the subordinate TF-2 capacity
from Jackson Prairie, NW Natural has created segmented TF-1 capacity that flows from the north
(Sumas) in a path that has not experienced any constraints, even during the coldest weather events in
recent years. For that reason, segmented capacity was modeled for the first time in the 2014 IRP.

Since there are no demand costs and (aside from Sumas commodity costs) very low variable charges
associated with segmented capacity, its selection in our IRP analysis is assured. The Company had
43,800 Dth/day of such segmented capacity in its 2014 analysis. Another 16,900 Dth/day of segmented
capacity subsequently was created, and this entire amount is currently included in its planning.

One question remains: How long to assume this segmented capacity would be available? In the 2014
IRP, the assumption was five years before load changes in the I-5 corridor between the Canadian border
and Oregon might totally erode the reliability of this service.

An analysis of NWP flow data in the I-5 corridor over the last five winters shows that as the weather gets
colder, the predominant flow direction is south to north through the main constraint point at NWP’s
Chehalis compressor station (figure 3.3). Hence, gas flowing south from Sumas on segmented capacity
should have greater pipeline reliability as design day conditions are approached.

Figure 3.3: Implied Reliability of Segmented Capacity

Northwest Pipeline Daily Scheduled Volumes
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New load developments between Sumas and the Company’s service territory might undermine the
reliability of this service, especially if not accompanied by an equivalent capacity expansion of NWP’s
system and upstream infrastructure to get more gas supplies to Sumas. By 2020, regional coal plant
retirements will have started to take place, while very large industrial loads (i.e., methanol production)
could conceivably be starting service. Accordingly, this segmented capacity is assumed to be available
until, but not beyond, November 2020.

3.3. Impact of Operational Flow Orders

Interstate pipelines have a variety of methods to ensure they can deliver on their firm commitments.
The first is the use of their line pressure and storage volumes to balance deliveries with receipts of gas.
When pressures start sagging and storage volumes run low, an “entitlement” event may be declared. In
that event, shippers must not use more (take delivery) of more than a specified volume of gas in a day,
which in turn is based on the volume that the shipper has received from its suppliers. If the shipper
takes delivery of more gas than it is entitled to use, penalty charges can be applied by the pipeline on
that shipper, which are intentionally onerous to motivate compliance with the entitlement order.

Sometimes entitlements are not sufficient to correct imbalances on the NWP system. This is because of
NWP’s reliance on displacement to provide certain firm deliveries. Displacement has saved money for
shippers over the years by eliminating the construction of certain facilities that might have been
considered duplicative. However, it also greatly complicates the operation of the NWP system because it
anticipates certain shippers acting in certain ways; basically, projections as to how shippers will use their
contracts. If the shippers do not “follow the script,” imbalances can build quickly on the NWP system.
NWP’s use of line pressure, storage and entitlement orders helps to manage such situations, but those
do not necessarily provide all the signals necessary to totally correct/reverse the build-up of such
imbalances. In that event, NWP will turn to the issuance of operational flow orders (OFOs).

OFOs are another tool provided for in NWP’s tariffs. Through OFOs, NWP can dictate to shippers how
they utilize their contracts in order to bring balance to the pipeline system. For example, an OFO may
dictate that a shipper in the Pacific Northwest reduce its purchases of Rockies gas and/or increase its
purchases of Sumas gas in order to relieve the capacity bottleneck that exists in the Columbia River
Gorge section of NWP. Because of the potential financial repercussions on the shippers, NWP cannot
impose OFOs without first exhausting other remedies. This is exactly what exposed the tenuous nature
of the secondary TF-2 service from Plymouth in December 2013; by its tariff, NWP could not impose
OFOs on TF-1 shippers to ensure that secondary TF-2 service would flow.

Besides the effects it has on transportation service, a related impact of OFOs is that it creates its own
commodity price distortions. For example, if Rockies commodity prices are below Sumas, then shippers
are motivated to buy more Rockies gas. If this causes an imbalance that can only be cured through an
OFO, then the demand for gas at Sumas will necessarily increase while the demand for gas in the
Rockies will diminish. The price spreads between Sumas and Rockies that originally caused the lop-sided
purchasing decisions are very likely then to become even larger. While NWP is not imposing a direct
financial penalty on shippers by initiating the OFO, there is an indirect penalty/cost because of this
impact on commodity prices.
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The simple cure for OFOs is to build more pipeline infrastructure in a way that relieves the current
bottlenecks. That cost is relatively easy to estimate. What is difficult to estimate is the benefit from the
resulting mitigation or elimination of OFOs. For this IRP, the working assumption is that OFOs are rare
and cannot be expected to coincide with design day conditions, and hence do not need to be considered
in the analysis.

3.4. MDDO Restrictions at Gate Stations

As previously mentioned, a gate station is a location at which the Company is physically connected to
the upstream pipeline network. Gate stations include billing quality metering and pressure regulation
equipment, and usually (but not always) include other devices such as odorizers and telemetry. Two
particular gate stations—Deer Island and Molalla—also include compressors for redelivery of gas back to
NWP. There are over major 40 gate stations in the Company’s system, and they are sometimes
collectively referred to as the “citygate.” With some minor exceptions, all of the gate stations directly
connect the Company to NWP. The exceptions are the gate stations that connect to the Kelso-Beaver
Pipeline and the Coos County Pipeline. However, since the Company’s service on those pipelines is itself
dependent on their connections to NWP, it is a distinction without a difference. Accordingly, NWP’s
operating rules, processes and procedures for deliveries at gate stations are of fundamental importance.

Each transportation contract between the Company and NWP specifies certain receipt and delivery
points. The delivery points are usually gate stations, though they also could include off-system storage
facilities like Jackson Prairie. The quantity that NWP is obligated to transport each day under a contract
is called the Contract Demand (CD). The amount that NWP is obligated to deliver at a gate station—
assuming the Company has secured the necessary gas supplies—is referred to as the Maximum Daily
Delivery Obligation (MDDO).

Prior to the deregulation of the late 1980s, NWP had a single firm sales contract with the Company that
had more MDDOs than it had CD. This reflected the rolling nature of cold weather events, in which peak
requirements could ebb and flow across the Company’s service territory. In essence, the CD represented
the coincident peak requirements of the Company, while the MDDOs represented the noncoincident
peaks of the individual gate stations. This flexibility had, and continues to have, great value to any LDC
whose gate stations are dispersed over a relatively wide geographic area because it avoids the costs
associated with additional and potentially duplicative CD subscriptions.

After deregulation, when NWP was expanding its system in the 1990s, the new transportation contracts
had a strict one-to-one relationship between CD and MDDOs. There was to be no additional flexibility,
and that remains the practice to date.

Over the years, the Company could add MDDOs only by increasing its contracted CD with NWP. The
advent of Mist storage, and Mist recalls, as a primary resource for meeting load growth, has changed
that dynamic. Now the Company can save money with Mist by avoiding subscriptions to new CD, but
that also means that MDDOs are not increasing.

The issue is that as customer growth continues, some existing gate stations require more capacity, and
the building of entirely new gate stations may be an effective way to serve the growth. The Company
has paid NWP for the new or expanded gate stations, but without receiving any additional MDDOs. That
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is, the Company has paid for new capacity but did not acquire any firm rights from NWP to use that
capacity. Meanwhile, as service from Mist has grown, it has displaced the need for MDDOs at certain
existing gate stations. These displaced MDDOs can be used at the new/expanded gate stations, but that
may only be the case when Mist is in full withdrawal mode. So while Mist provides tremendous
flexibility in serving customer needs, it has significantly complicated the process of gate station planning.

These gate stations reside at the intersection of our upstream analysis (using SENDOUT®) and our
distribution system planning (using Synergi). The upstream analysis relies on the CD under each contract
because that is the effective limitation on supplies that can be procured at the receipt points into NWP.
But for distribution planning, there are two logical choices: use the MDDOs as the gate station limit, or
use the actual physical capacity of each gate station. In many cases they are the same number, but over
the years, a gap has been growing and will continue to grow as long as Mist recalls are the most cost-
effective resource to meet load growth.

The most obvious example of this gap, and the reason why it is again being discussed in an IRP, is the
Company’s system serving Clark County, Washington. There are six gate stations feeding the Company’s
distribution system there. Three gate stations—Van Der Salm (serving La Center), Salmon Creek, and
Felida—were built under facility agreements with NWP in which the Company paid for the work but
received no new MDDOs, while other gates (such as North Vancouver) have had their capacity expanded
in the same manner.

If the Company uses MDDOs to reflect the firm delivery limit from NWP, then the analysis would
indicate the need for new CD subscriptions from NWP. If the actual physical capacities are used, the
requirement shrinks dramatically, but the Company runs the risk that at some point a new customer on
NWP’s system will subscribe to new CD with the intent of moving gas to one of these gate stations, thus
reducing the reliability of the Company’s deliveries there. In effect, this is another case where the
Company is relying on a less-than-firm service because it creates savings for customers (avoids more
costly CD subscriptions) and the risks of losing that service are believed to be de minimus for most gate
stations for the foreseeable future.

As the Company studied the alternatives and consulted with NWP, it became clear that a third approach
was appropriate. Rather than modeling either the physical capacity or the MDDOs at each individual
gate station, certain gate stations could be grouped together and treated conjunctively if they fell within
the same “zone.” Zones typically are delineated by NWP’s compressor stations. In effect, as long as the
physical capacity at a gate station is not exceeded, there is no specific MDDO limit at that gate station as
long as the total MDDOs within the zone are not exceeded. Even more importantly, unused MDDOs in a
zone can be, in essence, redeployed for use in zones lying upstream on NWP’s system.

This concept is extremely important for cold weather and design day planning. During cold weather, the
Company’s on-system storage plants (Mist, Gasco, and Newport LNG) likely would be in
withdrawal/vaporization mode at or near their maximum capabilities. Large storage withdrawals into a
load center can act to reduce gas receipts from NWP at gate stations serving the same load center. The
unused MDDOs from those gate stations then can be assumed for modeling purposes to be available for
use at other gate stations. For example, reductions at Portland-area gate stations related to Mist and
Gasco withdrawals results in more MDDOs available for Clark County gate stations.
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The most severe MDDO imbalance in the 2014 IRP was the Clark County system. Using this new
modeling approach, there is ample capacity available to serve the Clark County system (figure 3.4).

Figure 3.4: Clark County MDDOs
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4. CHANGES IN THE EXISTING RESOURCE PORTFOLIO

There are five changes to the existing supply-side resource portfolio as described below, of which the
first two have already been discussed at length in preceding sections of this chapter.

4.1. Jackson Prairie Underground Storage

Rather than drop off after five years, the acquisition of 13,525 Dth/day of firm TF-1 capacity means that
all service from Jackson Prairie is retained in the Company’s firm resource stack for the full planning
horizon.

4.2. Segmented Capacity

The Company will increase its near-term reliance on segmented capacity from 43,800 to 60,700
Dth/day. This capacity then is modeled as dropping off after Nov. 1, 2020.
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4.3. Citygate Deliveries

For the 2014/15 winter, as a stopgap to the loss of Plymouth, the Company was able to negotiate a
20,000 Dth/day peak day service. A third party bundled together supplies sourced from Sumas along
with their own transportation service on NWP to deliver gas on a limited basis to NW Natural’s citygate.
This agreement initially was put in place during the December 2014-February 2015 period, as discussed
in some detail in the Company’s 2014 PGA filing. The Company then was able to recontract this resource
for the December 2015—February 2016 winter. It is difficult to model this as an IRP resource if it only can
be renewed on a year-to-year basis, so the Company now is determining whether it can be contracted
on a multiyear basis.

4.4, T-South Contract Expiration

As shown in table 3.2, WEI T-South capacity of 30,000 Dth/day was acquired from a third party and will
expire on Oct. 31, 2016. A replacement contract for 19,000 Dth/day has been acquired, and discussions
regarding additional T-South capacity are ongoing. T-South capacity does not affect the overall resource
stack. It just changes whether the Company’s purchases of gas in British Columbia take place at Sumas
or at Station 2. While commodity purchase costs go up if more gas is purchased at Sumas, this must be
balanced against the additional pipeline charges incurred by holding T-South capacity. This economic
analysis has been and will continue to be included in the Company’s PGA filings. It should be noted that
other factors also could impact this decision, such as the relative liquidity of supply at Sumas versus
Station 2.

4.5. Storage Plant Heat-Content Adjustments

Except for Mist production gas, and until renewable natural gas is used, deliveries from NWP are the
sole source of gas into NW Natural’s system. NWP’s tariff specifies a minimum heat content of
985 Btu/cf with no maximum limit.

Our three on-system storage facilities were designed and permitted in volumetric units, which then are
converted to energy units for IRP and PGA purposes. Heat content is the conversion factor, and it has
been relatively stable over the years, that is, until recently.

As oil and gas supplies grew, a glut of natural gas liquids (NGLs) developed in the supply basins. With
falling commodity prices, the incentive to process NGLs out of the gas stream has shrunk. In particular,
the profit margins for separating ethane are such that a noticeable amount of ethane is being left in the
natural gas stream. Noticeable meaning that the heat content on NWP’s system has moved from a range
around 1020 Btu/cf to a range closer to 1080 Btu/cf.

The higher Btu value of the gas flowing over NWP’s system could reverse itself at any time, but probably
not until profit margins improve on ethane removal. Accordingly, we have reassessed the heat content

used for the storage plant volumetric conversions and concluded that small increases are appropriate.

For the LNG plants, heat content increases also reflect the further effect of “weathering” that occurs to
the inventory. The LNG is at -258 F, and since the double-walled tanks are not perfect insulators, a small
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amount of LNG will warm enough to turn back to gas. Technically this LNG is boiling as it turns from
liquid phase to gaseous. This “boil-off” gas is not lost but just flows into the distribution system, taking
the heat with it and keeping the rest of the LNG at -258 F. Methane is the first component of the LNG to
boil-off, which then raises the proportion of ethane in the remaining LNG, again raising its overall heat
content.

The projected changes in heat content for Mist, Newport and Gasco that have been modeled in this IRP
are shown in figures 3.5, 3.6 and 3.7, respectively.

Figure 3.5: Heat Content Projection for Mist

Figure 3.6: Heat Content Projection for Newport LNG
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Figure 3.7: Heat Content Projection for Gasco

These heat-content adjustments slightly increase the deliverabilities from Gasco and Newport in the
near term. They are projected to tail off over time as commodity prices rise and normal NGL processing
resumes. For Mist, there is no immediate adjustment to deliverability because Core requirements and
Mist recalls have always been specified on an energy basis. However, the heat-content adjustment does
imply a slight increase in the amount of Mist recall that would be available in future years. Figure 3.8

shows the immediate increase in the LNG plant deliverabilities, while figure 3.9 shows the small increase
in Mist Recall availability.

Figure 3.8: LNG Plant Deliverability Increase due to Heat-Content Adjustment
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Figure 3.9: Mist Recall Increase Due to Heat-Content Adjustment

5. NW NATURAL’S LNG PLANT PROJECTS

As mentioned above, NW Natural owns and operates two LNG peak shaving facilities. The first is in
Newport, Oregon which consists of a 1,000,000 Dth capacity storage tank, liquefaction facilities capable
of processing about 5,500 Dth/day, and vaporization capacity of up to 100,000 Dth/day (“Newport”).
This facility was constructed by Chicago Bridge and Iron and commissioned in 1977. Because the
Company’s pipeline system limits Newport to serving the central coast and portions of the Salem and
Albany market areas, the full 100,000 Dth/day vaporization rate is not achievable. Instead, 60,000
Dth/day is the effective limit on vaporization at Newport. But as in past IRPs, one part of this IRP’s
analysis is a consideration of pipeline take-away improvements, increasing access to other market areas,
which would allow utilization of Newport’s full vaporization capacity.

The Company’s other LNG plant is in Portland, Oregon and consists of a 600,000 Dth capacity storage
tank, liquefaction facilities capable of processing about 2,150 Dth/day, and vaporization capacity of
120,000 Dth/day (“Gasco”). This facility was also constructed by Chicago Bridge and Iron and
commissioned in 1969.

As resources specifically used for peak shaving, NW Natural requires high availability, reliability and
productivity from the LNG plants. The facilities and major process components of these two plants were
designed for a nominal 25- to 30-year life. Newport and Gasco are now 37 and 45 years old,
respectively.

As identified and acknowledged in the 2014 IRP, Newport is undergoing a major refurbishment to
address issues with the liquefaction process including removal of carbon dioxide (CO,) from the
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incoming natural gas stream, which very gradually has been collecting in the tank and settling on its
floor in solid form (commonly known as dry ice). The dry ice issue at Newport is severe enough that, to
avoid weight issues on the floor of the storage tank, the Company has reduced the maximum quantity of
LNG to be stored there from 1,000,000 Dth down to 900,000 Dth. Fortunately, so far this issue has not
affected the daily vaporization rate and the reliance on Newport within the Company’s peak day
resource stack.

A similar engineering evaluation of Gasco has determined that a major refurbishment project is not
needed. Rather, routine replacement of worn equipment should be sufficient to maintain Gasco’s
position in NW Natural’s resource stack throughout the IRP planning period and beyond. (Note - a
similar conclusion also was reached regarding the existing equipment and processes at Mist.)

One additional matter is that studies are just beginning for each LNG plant in regard to Oregon’s seismic
initiative. It is too soon to know what actions may arise from these studies, but recommendations will be
directed to reducing the consequences at each plant from a major Cascadia earthquake/tsunami event,
such as minimizing tank leakage. There is no intention of making major changes to the plants, so the
cost impact is expected to be modest.

6. MIST ASSET MANAGEMENT PROJECT
6.1. Overview

With NW Natural’s Mist storage facility now surpassing 25 years of commercial operation, the Company
engaged consulting engineering firm EN Engineering, LLC (ENE) in July 2015 to assess the condition of
the facility, analyze its current and likely future reliability, and provide recommendations regarding
changes to better enable the productive use of the facility for an additional 25 years. ENE deployed a
multi-disciplined team onsite to acquire an understanding of how the facility currently operates and to
develop recommendations on improvements that would reduce its operational and maintenance (O&M)
costs and potentially improve its overall flexibility.

ENE submitted its draft findings in January 2016, several key items of which were discussed during IRP
Technical Working Group meeting #4 held in May 2016. ENE submitted its final report in June 2016,
which is included as appendix 3. ENE’s report contained multiple recommendations regarding actions to
improve efficiency and flexibility at Mist. Many of ENE’s recommendations involved upgrades to and
replacements of existing equipment. ENE’s report included a list of risks Mist will likely experience some
or all of which in the following 25 years absent implementation of ENE’s recommendations. These
include:

e Increased O&M costs as equipment ages and needs to be maintained and replaced;

e Potential for failure of equipment during operations, and especially during peak conditions;
e Inability to meet current rated capacity demands;

e Increased risk and exposure to physical and cyber threats;

e Increased loss of data and communications;

e Potential increased scrutiny from regulators (environmental, federal regulations); and

e Not having the flexibility to react quickly enough to shifts in market demands.
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The estimated cost over the 25-year timeframe (2016—2041) associated with implementing ENE's
recommendations is currently estimated to average approximately $3 million annually.

Two of ENE’s recommendations involve relatively near-term projects associated with equipment
replacements. The first project involves replacing or repairing an existing dehydrator at Mist’s Miller
Station and right-sizing the dehydration capability associated with gas withdrawn from the “wettest”
Mist storage reservoir. The second project involves replacing the two oldest compressors located at
Miller Station with appropriately sized reciprocating compressors. NW Natural limits discussion below to
the dehydration systems project, as the compressor replacement project is not contemplated within the
time frame of the action plan of this IRP.

6.2. Dehydration Systems Background

In general, NW Natural receives natural gas from NWP, which then moves through the Company’s
distribution system to Miller Station, is filtered to remove oil and any contaminates, and then injected
into the storage reservoirs. The reservoirs at Mist are “water-drive” systems, meaning that water
situated below the gas storage section of each reservoir aids in pressurizing the gas that is being stored.
However, the gas also picks up moisture during its time in the reservoir.

The gas is relatively dry when it enters the reservoirs since it must comply with NWP’s FERC Gas Tariff
that specifies no liquid water and not more than seven pounds of water in vapor phase per million cubic
feet of gas. The Company’s design criteria include dehydrating the gas withdrawn from Mist so that it
can meet this same specification.

Miller Station has two dehydration systems operated in parallel to remove moisture from withdrawn
gas: a large dehydration system with a design capacity of 317 MMcf/day of gas flow and a smaller
dehydration system with a design capacity of 165 MMcf/day of gas flow.

A dehydration system operates by having the moisture-laden natural gas first flow through a vortex
separator to remove any liquid water. Next, the gas runs through a contact tower where the remaining
moisture in the gas is absorbed by tri-ethylene glycol (TEG). Finally, the gas flows through a separation
tower to remove any TEG carryover in the gas before the gas enters the outbound transmission pipeline.
The TEG is reused (regenerated) by heating it to remove the trapped moisture, cooled back down to
inlet natural gas temperatures, and then sent back to the contact tower for more moisture absorption.

Miller Station’s large dehydration system consists of one vortex separator, two contact towers, one
separation tower and one TEG regeneration system. Miller Station’s small dehydration system consists
of one vortex separator, one contact tower, one separation tower, and one TEG regeneration system.

A third dehydration system operates on gas withdrawn from the storage reservoir known as Al’s Pool,
which has the highest moisture content of any Mist storage reservoir. This was designed to mitigate the

'2 Gas withdrawn from Mist must be capable of transport on NWP’s Grants Pass Lateral. Therefore, the withdrawn
gas must satisfy NWP’s quality requirements.
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risk of liquid moisture pooling in the low spots of the pipeline that carries the gas from Al’s Pool and
three nearby storage reservoirs (known as Schlicker, Reichhold, and Busch) to Miller Station—as well as
to reduce the dehydration required of the systems located at Miller Station. The Al’s Pool dehydration
system consists of one tower (combination inlet scrubber, TEG contact section, outlet scrubber) and one
TEG regeneration system.

Figure 3.10 shows a schematic of the Mist storage facilities with the location of the three dehydration
systems highlighted.

Figure 3.10: Flow Diagram — Dehydration Systems Replacement

6.3. Current Status

Table 3.6 identifies the capacity and year placed in service for each of the three existing dehydrators
associated with the Mist storage facility:

Table 3.6: Mist Storage Facility Dehydrator Capacities and In-service Dates

Dehydrator Unit Capacity in MMcf/day In-service
Miller Station - Large 317 1998
Miller Station - Small 165 2004
Al's Pool 28 1997
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Performance Issues
There are four primary performance concerns for the Dehydration Systems:

1) Miller Station’s large dehydration system shows indirect signs of major internal corrosion
indicating the TEG regeneration system is near end of life. Corrosion shows three major signs
without completely disassembling the equipment for visual and nondestructive testing:

a) There is heavy discoloration of the TEG where normal TEG is clear. When corrosion products
are present, the TEG will darken and at Miller Station, the TEG is near pitch black.

b) The frequency of TEG filter changes has increased. There are several filters in the TEG
regeneration system that removes contaminates from the TEG. At 300 MMcf/day flow rates,
normal filter change frequency has historically been at two week intervals. Miller Station’s
large dehydration system is now experiencing from one to five days between changes.”

c) Observed wear on the large dehydration system’s TEG pumps and heat exchangers. TEG
pumps, which cost $34,000 each, are robust and should last the life of the dehydration
system. Miller Station was recently forced to replace both system pumps. There are two
heat exchangers in the TEG regeneration system. Both heat exchangers have been
disassembled and modified in the past two years due to wear and internal corrosion of the
heat exchanger tubes.

2) The Al's Pool dehydration system is currently experiencing operational issues. The Al’s Pool
maximum withdrawal flow rate is 107 MMcf/day. The dehydration system was originally sized to
take at minimum one-third of the maximum flow from Al’s Pool. However, as experienced, if Al's
Pool dehydrator experiences above 10 percent of maximum flow, liquid flow dynamics have
resulted in Al's Pool TEG regeneration system becoming moisture saturated. The dehydration
system must be taken off-line for the regenerator to recover. This increases the risk of allowing
liqguid moisture to pool in the low spots of the pipeline that carries the gas from Al’s Pool and
three nearby reservoirs to Miller Station.

3) The average service life of dehydrator units such as those used at Mist is approximately
20 years, based on the average life of a fire tube heating system.™

4) The dehydration systems individually are a single point of failure. There is no backup of critical
components for these dehydration systems. All dehydration equipment must be operational to
meet the gas flow requirements of Miller Station as well as to comply with the air quality permit
requirements of the TEG regeneration equipment. Additionally, because of the extreme
saturation issues with gas withdrawn from Al’s Pool, the remaining dehydration units at Miller
Station do not have the rated capacities to condition the station’s maximum designed flow
requirements.

 Note that filter life increases at lower gas flow rates due to lower required processing rates.
YENE’s report confirmed that an average life for natural gas dehydrators is approximately 20 years.
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Al’s Pool Dehydrator

ENE’s report pointed out the lack of a functional moisture analyzer associated with the Al’s Pool
dehydration system. A detailed study may determine a more accurate operational limitation of the Al’s
Pool dehydration equipment as the moisture content of the stored gas varies. Additionally, operational
issues experienced with oversaturation indicate a full design review is required to incorporate today’s
operating conditions with alternate solutions created.

ENE noted that there is a high probability of liquids downstream of Al’s Pool at the location where the
pipeline from the storage area crosses underneath a creek on its way to Miller Station. Too much
moisture in the gas could allow water to pool at this low point in the pipeline, which could increase the
potential for restricted gas flow from four out of the seven storage reservoirs as well as lead to internal
pipeline corrosion.

NW Natural estimates the cost of purchasing and installing a moisture analyzer downstream of Al’s Pool
at $200,000 and plans to have this accomplished prior to year-end 2017. Once this work is completed,
NW Natural will complete a detailed study by no later than 2019; with the cost of this study estimated at
$50,000. NW Natural anticipates that the existing dehydrator at Al’s Pool will need to be replaced. If so,
relocating the smaller of the two dehydrators from Miller Station to Al’s Pool will be one of the
alternatives examined.

Large and Small Dehydrators at Miller Station

ENE specified the rated capacity of the large and small Miller Station dehydrators, in combination, at
482 MMcf/day. Without repair or replacement of at least the large dehydrator, ENE’s report noted that
the performance issues listed above will continue and NW Natural will incur higher O&M costs and
experience outages.

6.4. ENE Recommendations

ENE made several recommendations related to the dehydration systems at Mist, including repair or
replacement of the large dehydration system over the next three years in order to mitigate operating
and performance issues.

ENE recommended that the large dehydrator unit be inspected to better understand its overall
condition. Completion of the inspection will allow estimating repair costs as well as the expected

extension of service life and related maintenance requirements. ENE noted that O&M costs may be
higher under a repair scenario than a replace scenario.

6.5. NW Natural Actions

NW Natural plans to repair or replace the existing large dehydration unit at Miller Station because it is at
end of life as previously discussed. The Company will engage the services of a specialized consultant
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within the next year, who will first determine if repair of the unit is possible. If repair is possible,
NW Natural will analyze the costs and other tradeoffs of repair versus replace. ENE estimated the cost to
acquire and install a new dehydrator at $6 million to $7 million.

The consultant will examine the existing dehydration systems with a focus on alternative ways for
optimally sizing and locating these systems. Given their ages, all three dehydration units likely will be
replaced within the next decade and NW Natural anticipates including related actions in a future IRP or
Update.

7. FUTURE RESOURCE ALTERNATIVES

Beyond the existing gas supply resources mentioned previously, the Company considers additional gas

supply resource options including Mist recall, further Mist expansion, the acquisition of new interstate

pipeline capacity, satellite LNG and CNG storage, and various extensions/expansions of its own pipeline
system. The primary alternatives are described in more detail below. These options will be evaluated in
chapter 7 using SENDOUT®.*

7.1. Interstate Capacity Additions

The Company holds existing contract demand (CD) and gate station capacity on: (1) NWP’s mainline
serving the Company’s service areas from Portland to the north coast of Oregon, Clark County in
Washington, and various small communities located along or near the Columbia River in both Oregon
and Washington, and (2) NWP’s Grants Pass Lateral (GPL) serving the Company’s loads in the Willamette
Valley region of Oregon from Portland south to the Eugene area. Therefore, consideration of
incremental NWP capacity, separately on the mainline and on the GPL, is a starting point for the
Company’s assessment of incremental interstate pipeline capacity in this IRP.

Since the Company effectively is interconnected only to NWP, a subscription to more NWP mainline
capacity traditionally has been a prerequisite to holding more upstream capacity of equivalent amounts
(e.g., from GTN). There could be exceptions when market dynamics indicate some advantage to holding
more or less upstream capacity. For example, as upstream pipelines continue to expand into new supply
regions and/or to serve new markets, an evolution of trading hubs may occur; opening up the more
liquid trading points while others fade into disuse. The construction of an LNG export terminal in the
Pacific Northwest or British Columbia and/or the construction of a new pipeline transporting Arctic gas
(either from Alaska or the Mackenzie Delta) are examples of market developments that could cause the
Company to reconfigure or add to its upstream pipeline contracts. Under these market conditions, it
may be beneficial to hold transportation capacity upstream of NWP leading to these new supply points.

In response to its reliance solely on NWP for delivery of interstate gas supplies, NW Natural partnered
with TransCanada Corporation in 2007 to form Palomar Gas Transmission LLC (Palomar). Palomar
proposed to develop, build, and operate a pipeline connecting GTN’s mainline north of Madras, Oregon,

> NW Natural anticipates that costs of any repair to or replacement of the large dehydrator at Miller Station will
be allocated to utility customers.
'® pemand-Side Management is also considered a resource but is covered in a separate chapter.
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to the Company at Molalla (the “Eastern Zone”) and continuing from Molalla to a proposed LNG import
terminal on the Columbia River west of Portland (the “Western Zone”).

In December 2008, Palomar filed an application for a certificate to build and operate the pipeline with
the Federal Energy Regulatory Commission (FERC). However, with the growth of shale gas production
and the economy in recession, the plans for the LNG terminal eventually were abandoned and Palomar
withdrew its FERC application in March 2011.

Then, in November 2012, NWP announced a new Cross-Cascades project called the Northwest Market
Area Expansion (NMAX) that would include just the Eastern Zone of Palomar. Concurrently, NWP

solicited interest in an expansion south from the U.S./Canadian border at Sumas to serve the proposed
Oregon LNG export terminal in Warrenton, Oregon. This was the Washington Expansion (WEX) project.

By December 2014, plans were announced for an updated stand-alone version of Palomar, now called
the Trail West pipeline (see figure 3.10). As depicted in figure 3.11, both Trail West and WEX could serve
the Company’s service territory.

No further activity regarding Trail West has been discernible, so for the purposes of this IRP, it is
assumed that the Trail West pipeline could not be in service any earlier than November 2021.

Regarding WEX, NWP had filed a FERC application in June 2013, but Oregon LNG was the only specified
customer. In April 2016, Oregon LNG announced that it had cancelled plans for its export terminal
project.”’” At a Shipper Advisory Board meeting held on April 19, 2016, NWP stated that it intended to
vacate its WEX application. Accordingly, WEX has been dropped from the list of potential future
resources to be analyzed in this IRP.

7 Seehttp://www.oregonlive.com/environment/index.ssf/2016/04/company cancels plan for warre.html .
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Figure 3.10: Trail West Pipeline Project

Source: GTN Collaboration Meeting, December 2014

Figure 3.11: Proposed Regional Pipeline Expansion Projects

Source: Northwest Gas Association, 2015 Gas Outlook
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From the Company’s perspective, the region most likely will need to add more gas infrastructure within
the next 5-10 years to serve growth in regional natural gas demand, primarily from the power
generation and industrial sectors.'® The primary benefit from meeting this growth from development of
a Trail West pipeline would be to improve the gas system resiliency and enhance reliability by having
greater resource diversity. This is particularly important given the accelerating convergence and
interdependency of the electric and gas systems. A second regional benefit is that it would mitigate the
Sumas price risk from potential British Columbia LNG export terminals. By comparison, meeting regional
demand growth via incremental NWP expansions from Sumas essentially “doubles down” on an existing
pathway and, at the same time, is a potential lost opportunity to protect customers from a risk
management perspective.

For purposes of this IRP, the Company has focused on the costs and benefits to its customers and not
attempted to quantify the broader regional benefit. The Willamette Valley, including the
Portland/Vancouver metro area, is served solely by NWP. Adding a second interstate pipeline delivery
corridor would assure both the security of gas supply as well as reliable gas service well into the future
for core customers.

In this IRP, the Company has evaluated the potential acquisition of interstate pipeline capacity in several
forms:

o  NWP Sumas Expansion (Local Project): This is incremental NWP capacity from Sumas that is
designed to serve only NW Natural’s load growth needs. Accordingly, it would have a relatively
small scale and so could be expected to have a relatively high unit cost. On the other, it would
offer the best fit to the Company’s resource timing.

e  NWP Sumas Expansion (Regional Project): ™ This is capacity from Sumas on a hypothetical NWP
project that is the successor to WEX. It would bundle NW Natural’s subscription with other
regional requests from parties such as power generators and large petrochemical projects. The
scale of this project is larger than the Local Project mentioned above, potentially resulting in a
more favorable unit cost, but with timelines necessarily aligned with the needs of the project’s
anchor customers, whoever they might be.

e  Pacific Connector: The Pacific Connector Pipeline project is tied to the development of the
Jordan Cove LNG export terminal in Coos Bay, Oregon. This pipeline starts near Malin, Oregon
and would cross NWP’s Grants Pass Lateral (GPL) in the vicinity of Roseburg, Oregon. Service
from NWP would be needed to move the gas from Roseburg northward on the GPL to the
Company’s service territory, starting with the Eugene area. For this IRP, references to “Pacific
Connector” refer to the bundled pipeline service from Malin to the Company’s citygate.

e Trail West: A pipeline starting at GTN’s system near Madras, Oregon, and connecting NWP’s
Grants Pass Lateral near Molalla, Oregon. Since portions of the Company’s distribution system
are not connected to Molalla, incremental pipeline capacity would be needed to transport gas
northbound to certain load centers. There are two options for this:

¥ There is broad regional support for this perspective, for example, in the Northwest Gas Association’s 2015 Gas
Outlook, page 15: “Additional capacity is likely to be required within the forecast horizon to serve growing
demand for natural gas, particularly on a design day.”

®In mid-August 2016, NWP began referring to this project as the “Sumas Express” pipeline.
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o The Company could construct its own high-pressure transmission facility from the
Molalla area to its Portland East load center (Eastside Loop).

o NWP has proposed an NMAX service that would bundle Trail West capacity with
northbound GPL capacity. The NMAX proposal is far cheaper than anything NW Natural
could build, so an Eastside Loop option is not modeled in this IRP.

The Company would acquire capacity on GTN and/or other applicable upstream pipelines in conjunction
with some of the above alternatives in order to secure its gas supplies at liquid trading points. For
example, since there are no gas trading activities at Madras, Oregon, consideration of Trail West
necessarily includes additional upstream pipeline subscriptions to access the Malin and/or AECO trading
hubs.

As in prior IRPs, the model also includes NWP firm TF-1 capacity of 12,000 Dth/day from the Rockies to
Portland that was acquired in a 2008 agreement with the March Point Cogeneration Company. This
existing vintage-priced capacity is not included in table 3.2 because it does not become part of the
Company’s portfolio until Jan. 1, 2017. The contract’s primary term extends until Dec. 31, 2046.

The acquisition of incremental pipeline capacity spans a wide range of lead times. It is dependent on the
length and success of the pipeline’s open season process, regulatory permitting times, and the time
required to construct the required facilities, which could include restrictive periods due to
environmental considerations. Only the NWP Sumas Expansion (Local Project) option is considered
flexible and simple enough to be available as early as November 2019. For all other interstate pipeline
options mentioned above, November 2021 has been modeled as the very earliest that any of them
could be in service.

7.2. Storage Additions
Mist Recall

In addition to the existing Mist storage capacity currently reserved for the core market (see table 3.3);
the Company has four reservoirs (a portion of Reichhold and all of Schlicker, Busch and Meyer) that also
have been developed for storage services. They currently serve the interstate/intrastate storage (ISS)
market, but could be recalled for service to the Company’s utility customers as those third-party storage
agreements expire.

Mist is ideally located in the Company’s service territory, eliminating the need for upstream interstate
pipeline transportation service to deliver the gas during the heating season. Due to its location, Mist is
particularly well suited to meet incremental load requirements in the Portland area, which is
traditionally the area where the majority of the Company's firm load growth lies. Mist gas may also be
directly delivered to loads westward along the Columbia River from St. Helens to Astoria, and southward
to the Salem and Albany areas. However, Mist recall is not suitable to serve load growth in the Eugene
area. This is because Eugene is not physically connected to Mist through the Company’s distribution
system, nor is Eugene’s location on the NWP system such that Mist could have an impact via
displacement of NWP deliveries to the Portland area (as is the case for nonconnected Company load
centers located in Washington).
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There are three practical considerations that apply to Mist recall:

e Recall decisions are made roughly a year prior to the capacity’s transition to the utility portfolio. On
or about May 1, the Company wants to start filling any recalled capacity so as to have the maximum
inventory in place by the start of the heating season. Working backwards from May 1, ISS customers
need time to empty their inventory accounts if their capacity is going to be recalled by the Company.
And the more prior notice they get, the more value they find in ISS service. So the Company informs
an ISS customer in the months before the prior heating season if their contract will not be renewed.
Accordingly, the Company has established the prior summer as the time at which it makes its recall
decisions.

e Mist ISS contracts are of various durations. While limiting Mist ISS contracts to 1-year terms would
maximize the capacity available for recall each year, it also would limit ISS revenues and so, in turn,
the customer portion of those revenues. Accordingly, ISS contracts have staggered terms that create
a profile of capacity available for recall that increases over time, in effect mirroring expectations of
rising resource requirements.

e Recalls are rounded (up or down) to the closest 5,000 Dth/day of deliverability. This is done to
simplify the administration of recalls and the marketing of ISS service.

North Mist Il

NW Natural is in the midst of a project called North Mist that would combine new underground storage
at Mist and a new transmission pipeline to serve Portland General Electric (PGE) at Port Westward.” The
storage reservoirs currently in service at Mist and those that would be developed as North Mist for PGE
do not collectively exhaust Mist’s storage potential; other Mist production reservoirs remain that
theoretically could be developed by NW Natural into additional storage resources. The primary
impediment in doing so is not geological, but the challenges associated with developing new pipeline
capacity to move the gas from Mist to the Company’s load centers.

NW Natural identifies a prospective Mist expansion project for core customer use in this IRP as “North
Mist I1.”2! North Mist Il involves 100 MMcf/day of maximum delivery capacity coupled with a maximum
storage capacity of 2.0 billion cubic feet (Bcf), and includes a new compressor station and associated
appurtenances. These capabilities would be exclusively for utility use. Should a third party want to
subscribe to a North Mist Il expansion, total deliverability and storage capacity would increase to match
those additional subscribed amounts.

The design of the storage facility itself is relatively straightforward. A larger consideration is transporting
the stored gas to NW Natural’s load centers during the heating season—the “takeaway” pipeline(s).
With exhaustion of all available Mist Recall capacity, the existing primary takeaway pipelines from Mist
will be at their maximum capacities and incapable of transporting additional gas during the heating
season.”

*This project is discussed in more detail in NW Natural’s 2015 Form 10-K.

>l NW Natural identifies the project for PGE as “North Mist,” and—in the context of this IRP—a different Mist
expansion built for core customer usage as “North Mist II.”

> NW Natural refers to the existing northbound pipeline as the North Mist Pipeline; while the South Mist Pipeline

3.34



NW Natural 2016 Integrated Resource Plan
Chapter 3
Supply-Side Resources

NW Natural analyzed a North Mist Il expansion with three alternatives for takeaway capacity:*

1. Expanding and sharing the new pipeline being built for PGE northbound from Mist to the Kelso-
Beaver Pipeline (KB Pipeline); and from there onto NWP’s system, contracting with NWP for
transport to NW Natural’s load centers;

2. An expansion of existing pipelines southbound towards Molalla, and from there onto NWP’s system,
contracting with NWP for transport to NW Natural’s load centers as appropriate; and

3. An alternative that, for the first 50 MMcf/day, uses available capacity on both the existing North
Mist Pipeline and the existing North Coast Feeder to the Deer Island gate; and from there onto
NWP’s system, contracting with NWP for transport to NW Natural’s load centers. The second
50 MMcf/day uses the existing southbound pipelines, with additional compression providing
incremental capacity, to Molalla, and from there onto NWP’s system, contracting with NWP for
transport to load centers as appropriate.

The analysis assumes NWP is willing to offer a storage-related transportation service on its mainline, and
on the GPL moving upstream of Molalla, on a firm basis and at a cost reflective of similar offerings that
have occurred in the recent past.

The least cost alternative for takeaway pipeline capacity, as measured by the present values of revenue
requirements (PVRR), is the third alternative above.?* NW Natural estimated the cost of this alternative
at approximately $133 million.

A regulatory concern has been raised in the past regarding the direct movement of Mist gas out of
Oregon to serve load centers in Washington; specifically, the concern involves the potential violation of
the Company’s Hinshaw Exemption with FERC.”” However, preliminary legal analysis has indicated that a
viable structure could be created to make this arrangement work without adversely impacting

NW Natural’s Hinshaw Exemption.

coupled with the South Mist Pipeline Extension comprise the existing southbound takeaway pipeline capacity.

2 NW Natural documented the Company’s analysis of a North Mist expansion for core customers in an update to
the 2014 IRP in the Public Utility Commission of Oregon’s Docket No. LC 60 filed May 29, 2015. This filing
represented NW Natural’s fulfillment of Action Item 2.3a in the 2014 IRP. North Mist Il in the 2016 IRP refers to
the same North Mist expansion for core customers represented in the May 29, 2015 filing. NW Natural reviewed
the potential North Mist Il storage expansion in the Technical Working Group meeting with stakeholders held
Feb. 10, 2016. See also the discussion appearing later in the chapter.

* NW Natural in the 2016 IRP refers to the two components of the least-cost third alternative’s takeaway capacity
as North Mist lla (for the northbound takeaway) and North Mist llb (for the southbound takeaway). The
Company used this nomenclature in discussing supply resource portfolios in the Technical Working Group
meeting with stakeholders held May 24, 2016. See chapter 8 for the scenarios in which only North Mist lla is
selected as a least-cost resource versus those scenarios in which both North Mist Ila and Ilb are selected.

» Congress passed the Hinshaw Amendment in 1954 to eliminate uncertainly as to whether, or under what
conditions, LDCs would be subject to FERC regulation under the Natural Gas Act of 1938.
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Clark County Large-Scale LNG Plant

NW Natural developed cost estimates for a Gasco-sized LNG facility in Clark County based partially on
experiences with the Newport refurbishment costs. The estimated construction costs for the
liquefaction, storage, and vaporization facility is $100 million. The Company also would need to
construct new high-pressure transmission facilities reaching from the LNG storage into the Clark County
distribution system. This cost is estimated to be an additional $100 million.

7.3. High-Pressure Transmission

Supply-side infrastructure additions accompany the need to increase resources to meet load growth,
regardless of whether supplies come from on-system sources such as Mist, Newport, Gasco or satellite
LNG storage, or from off-system sources such as the Company's numerous gate station interconnections
with NWP or a new Trail West pipeline. The Company’s Engineering Department plans for these
additions.

One on-system project directly associated with potential supply-side resources is described below.
Further discussion of smaller on-system pipeline projects is provided in chapter 7.

Christensen Compressor Project: As previously mentioned, the daily deliverability of the Newport LNG
plant is modeled at 60 MMcf/day (adjusted slightly upward in the near term for higher heat content)
due to pipeline infrastructure limitations, but the Newport plant has all the equipment and permitting
necessary to vaporize and deliver up to 100 MMcf/day. To reach this 100 MMcf/day capability,
infrastructure additions would be needed on the Newport to Salem pipeline (Central Coast feeder) to
deliver an incremental 40 MMcf/day. This project would consist of installing a 2,000 horsepower
compressor at Christensen on the Central Coast Feeder and is estimated to cost $30 million.

7.4. Satellite LNG Storage

Some gas utilities rely on satellite LNG tanks to meet a portion of their peaking requirements. The term
“satellite” is commonly used because the facility is scaled-down and has no liquefaction capability of its
own. Instead, its usefulness revolves around the availability of another (no doubt larger) facility with the
ability to supply the LNG to fill its tank(s). LNG facilities in this context are peaking resources because
they provide only a few days of deliverability, and should not be confused with the much larger facilities
contemplated as LNG export or import terminals.

The concept is that a small tank serving a remote area would be filled with LNG as winter approaches,
and the site manned during cold weather episodes when vaporization is required. Since there is no on-
site liquefaction process, the facility is fairly simple in design and operation. Where peaking demands
are sharpest, the addition of satellite LNG could defer significant pipeline infrastructure investments.
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Satellite LNG is well established in this country but generally confined to the Northeast, as indicated by
this excerpt from a 2003 report issued by the U.S. Energy Information Administration:

Of the 96 LNG storage facilities connected to the pipeline grid, roughly 57 have
liguefaction capacity. Most of the remaining 39 storage facilities are located in the
Northeast...where many facilities are close enough to the Distrigas import facility to
receive LNG by truck. Massachusetts alone accounts for 14 satellite facilities, or roughly
40 percent of all satellite facilities in the United States. In New Jersey, which contains
the second highest number of satellites, there are 5 facilities.”®

NW Natural’s interest in this concept has been tempered by concerns over obtaining siting and zoning
approvals in the Company’s service territory. However, examples of successfully siting a satellite LNG
facility do exist in the Pacific Northwest, including a facility that Puget Sound Energy built near Gig
Harbor, Washington, as well as one built by Intermountain Gas on its Idaho Falls Lateral.

NW Natural evaluated satellite LNG in Oregon locations in the SW Portland area and in Eugene as
interim resources that would delay the construction of high-pressure pipeline projects.”’ The Company
has modeled these resources as having a maximum deliverability of approximately 7,700 Dth per day for
five days.

NW Natural also examined the economic feasibility of meeting the design day supply shortfalls using
satellite LNG facilities. While the small-scale aspect of this approach leads to considerable flexibility with
respect to the timing of increments of capacity, as a supply resource satellite LNG has a unit cost roughly
equivalent to that of the most expensive pipeline capacity considered in this IRP. Additionally, satellite
LNG does not offer the energy capabilities associated with pipeline capacity.*®

7.5. Satellite CNG Storage

NW Natural also considered the use of satellite compressed natural gas (CNG) facilities. These have
some of the same issues in terms of addressing supply needs as do satellite LNG facilities. In particular,
the issue of scaling is much larger since CNG physically contains much less natural gas than an equivalent
volume of LNG.” So while satellite CNG facilities may be cost-effective under some circumstances, such
as serving a small community approaching existing pipeline capacity under design day conditions, such
facilities are unable to effectively address NW Natural’s near-term issues.

7.6. Jackson Prairie

The most recent expansion of Jackson Prairie storage was completed in 2012 and NW Natural is not

*®See http://www.eia.gov/pub/oil_gas/natural gas/feature articles/2003/Ing/Ing2003.pdf.

?’ See the related discussion in chapter 7.

?® See the related discussion in chapter 8 Portfolio Analysis.

*° One cubic foot of LNG is equivalent to about 640 cubic feet of natural gas at standard conditions. One cubic foot
of CNG is equivalent to about 240 cubic feet of natural gas at standard conditions (assuming it has been
compressed to 3,600 psig).
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aware of any further expansion potential at the facility. The Company has pursued the idea of contacting
for service from an existing capacity holder at Jackson Prairie. Besides the cost of the service itself,
another consideration is the reliability of the pipeline transportation service between Jackson Prairie
and the Company’s service territory. Preliminary responses have not been economically attractive, but
the Company will continue to explore this opportunity.

7.7. Longer-Term Citygate Deliveries

As previously mentioned, citygate deliveries have been contracted the past two years but only for the
immediate heating season, which makes it difficult to model as an IRP resource. The Company is now
obtaining bids for a multiwinter citygate delivery contract so that it can be modeled in the IRP.

7.8. Methanol Project Resource Sharing Arrangement

The developer of the methanol project at Kalama has presented an intriguing variation of industrial
recall. Analysis is in progress to determine if their proposal could provide customer benefits.

The arrangement involves a year-round NWP capacity release coupled with a limited recall right.
However, unlike other recall arrangements, the recall right in this case only extends to a certain portion
of the released capacity. Because a portion is not recallable, the Company would need to advance its
next resource acquisition to cover the shortfall, presumably Mist recall given the time frame. Whether
customer net benefits would result from the avoidance of the year-round NWP costs is under
evaluation.

This arrangement is intended only to bridge the gap in time between the commencement of methanol
plant operation and the in-service date for an upstream infrastructure expansion, say three years.
Accordingly, this arrangement would result in no difference in the Company’s resource portfolio by the
end of the IRP planning period. Instead, it could be viewed as an optimization of resources within the
IRP period. More details regarding this arrangement will be provided if negotiations move forward.

7.9. Alternatives Not Yet Defined Enough for Evaluation

The Company identified several other potential gas supply resources that could influence the design of
its future gas resource portfolio. However, at this time, these potential resources are not yet sufficiently
well-defined commercially and/or technically to warrant inclusion in the SENDOUT® model analysis or
even a preliminary economic screening for this IRP.

Incremental Interruptible Load: The Company’s peak day plans presume that all interruptible sales are
curtailed. One question is whether more firm customers could and should be enticed to migrate to
interruptible schedules to ease the Company’s design peak requirements. This appears to be a matter of
rate design. The Company did propose a rate design change in its 2012 Oregon general rate case that
would have altered the way in which interruptible service was made available. That concept did not gain
traction, but the Company would be willing to pursue other proposals when it makes it next general rate
case filing.
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Additional Industrial Recall Agreements: As previously mentioned, the Company has three long-time
recall arrangements with large industrial/generation end-users, two of which bring their own NWP
capacity into the portfolio. The Company has had no success finding additional large end-users willing to
enter into similar agreements. The Company will continue asking but has no expectation that voluntary
curtailment, which is what this amounts to, will garner any interest without an extreme financial
commitment. Note that the methanol arrangement mentioned above is a significant variation of this
resource since it does not bring new resources to the table but only creates a relatively short-term
resource optimization opportunity.

NWP Storage Redelivery Proposal on a Stand-alone Basis: NWP has proposed a firm storage redelivery
pipeline service that has been modeled in conjunction with the different North Mist pipeline take-away
alternates. A question arose as to whether that service should be evaluated on a stand-alone basis, e.g.,
to transport existing supplies or gas arising from Mist Recall. However, there appears to be no scenario
in which such supplies require NWP transportation service because either (a) load growth in the
Portland-area load center consumes all of the Mist gas supplies before they can reach NWP’s system, or
(2) if there is not enough load growth then it means there is no need for additional Mist Recall.

PGE Recall Agreement Modifications: Since the Company’s resource requirements are driven first and
foremost by design peak day considerations, the Company has approached PGE to see if its 30,000
Dth/day recall arrangement could be modified in some way to provide additional peak day supplies,
perhaps in exchange for reducing the maximum number of recall days. PGE expressed willingness to
consider modifications to the existing agreement, but at this time there is nothing of substance that can
be evaluated.

Floating LNG Storage: An idea that came out of a 2014 IRP TWG meeting was to use LNG stored in a
vessel that would be anchored in the Columbia River to supply the Clark County load center, which
would avoid siting one or more LNG storage facilities on land. However, this also would require the
construction of additional pipeline infrastructure since the areas poised for load growth in Clark County
are diverse and some are located further away from the Columbia River. Needless to say, there also
would be considerable research necessary to ascertain the feasibility of anchoring an LNG vessel in the
Columbia River for an extended period. This alternative remains at the conceptual phase right now.

LNG Imports: It has been about 10 years since LNG import terminals were proposed for Oregon. It was
suggested at a 2014 Public Meeting that LNG imports from Alaska be evaluated as a resource option in
conjunction with shipping carbon emissions from PGE’s power plants at Port Westward to Alaska for
sequestration and thus offset some of the costs of importing LNG. This is another alternative that
remains purely conceptual at this time.

Biogas: This refers to methane produced from biomass sources including wastewater treatment plants,
animal manure, landfills, woody biomass, or crop residuals. If biogas is purified to the standards of the
pipeline industry, it is commonly referred to as biomethane or renewable gas (RG). The American Gas
Foundation (AGF) recently conducted a study regarding the technical potential for producing RG, which
predicts that RG could meet 4 percent to 10 percent of natural gas use in the United States.*

* “The Potential for Renewable Gas: Biogas Derived from Biomass Feedstocks and Upgraded to Pipeline Quality.”
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While the supply is currently very small, the production of RG has the potential to provide a wide range
of benefits far beyond further diversification of the Company’s gas purchase portfolio. For example:

e RG can reduce greenhouse gas emissions and produce other related carbon benefits;

e Projects to generate RG could be built adjacent to existing pipelines in a manner so as to provide
system reinforcement;

e  Electricity from biogas can offset other forms of thermal generation; and

e RG could result in local economic investments and job creation.

An analysis completed for the Oregon Department of Energy reviewed the use of biogas from several of
the state’s waste water treatment plants (WWTPs).>! Among the findings of this report was that the RG
from several of the plants may be worth more as a vehicle fuel rather than for heating or to make
electricity.

To prepare itself for the potential of RG, the Company is updating its gas quality standards and sampling
criteria for any proposed RG facilities desiring to interconnect with and deliver gas into the Company’s
distribution system. However, the proposed pricing for the RG (more than twice the current cost of gas
delivered to the Company’s system) suggests that the Company will not be the buyer for this or other
RG supplies unless gas price volatility, technological advancements or regulatory changes speed the
adoption of this particular source of natural gas. For example, it would take the imposition of a carbon
tax in the range of $100 per ton of CO, emissions to close the current gap, assuming RG would be
exempt from that tax.*

Another possibility is that the renewable value of the RG will be severable and separately marketable, a
concept known in the electric sector as Renewable Energy Certificates or “green tags.” This might allow
the Company to purchase the RG at a price that is competitive to other delivered gas supplies, while
allowing the RG developer to achieve the required economics.

Coal-bed Methane: Periodically over the years, interest had been expressed by third parties in the
development of coal-bed methane reserves found in Coos County. The location of the gas at the
extreme end of its service territory made this resource particularly intriguing to the Company. Some
third parties did drill test wells years ago to better ascertain the extent of these reserves.** However, the
“shale gale” and its resulting reduction in natural gas prices, among other reasons, have stifled any

AGF, September 2011. Total natural gas use refers to total demand in 2010 of 24 trillion cubic feet, which
includes gas used for electric generation.

3 “Bioenergy Optimization Assessment of Wastewater Treatment Plants”, Tetra Tech Inc. for the Oregon
Department of Energy, March 20, 2012.

%2 Combustion of natural gas emits approximately 53 kg of CO, per Dth (source: “Carbon Dioxide Emissions for
Stationary Combustion” posted by EIA at http://www.eia.gov/oiaf/1605/coefficients.html#tbll ). Calculation is
then $100/ton times 53 kg/Dth divided by 907 kg/ton = $5.84/Dth, which when added to the $4.34/Dth cost of
gas purchased and delivered to the Company’s system in calendar year 2015, would be at the low end of the
$10-$12/Dth range at which RG is expected to be priced per discussions with RG developers.

% See http://library.state.or.us/repository/2011/201109010951034/index.pdf .
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recent interest in this potential resource.

Southern Crossing Expansion: FortisBC has proposed a reinforcement project for the Southern Crossing
Pipeline that would permit more flow of Alberta gas to Sumas (the “KORP” project shown in figure 3.11).
This would also require an expansion of NWP from Sumas, and so does not need to be modeled since it
essentially is replicated by the current inclusion of the NWP Sumas expansion projects.

LNG/CNG Mobile Fleet: The Company possesses one LNG and a variety of CNG trailers that are used to
support localized operations, both during planned outages as well as cold weather events. However, the
capacity of these trailers is extremely small. The largest is the LNG trailer, with a useful capacity of about
900 Dth, but its deployment requires considerable effort compared to CNG. The largest CNG trailers
each hold about 100 Dth. These are valuable resources but suited only to serve very small and viable
problem areas in the distribution system. See also the preceding discussion of satellite LNG as a
potential solution to design weather shortages in NW Natural’s Clark County load center.

Adsorbed Natural Gas (ANG): This technology has been under development for over 10 years and offers
the possibility of storing much higher volumes of natural gas at much lower pressures than is now
accomplished using CNG**. However, while intriguing, there are no timelines or cost estimates that can
be modeled yet.

System Leakage Reductions: A topic of interest the last few years has been methane leakage for natural
gas infrastructure, sometimes referred to as fugitive gas emissions. The main focus has been on
methane as a contributor to greenhouse gas emissions, but a secondary question has been whether this
also imposes a current cost on consumers for the wasted volumes.*® While this may be a general
industry concern, NW Natural is in the forefront of leakage reduction due to its past and ongoing efforts
to replace older pipelines that are the most susceptible to leakage, and it currently ranks number one
among gas utilities with the lowest ratio of leaks per mile of pipe.*® Accordingly, as a potential supply
resource, the reduction of gas leakage is already being fully addressed.

Expansion of Local Production: The Mist underground storage field sits on many reservoirs in which
native gas is slowly being produced—or not produced at all—due to its low heat content. The reason for
this is the high nitrogen content of the native gas. Efforts to increase production levels would require
the removal of some of this nitrogen, for example, by employing a nitrogen rejection unit (NRU) in the
field. Ultimately, this decision is under the purview of the third party that possesses the local production
rights. If the economics were favorable, that third party would proceed with the NRU or other means to
increase the production and sale of their gas. The fact that it is not being pursued at this time is a
reflection of the current relatively low market price of natural gas.

Physically Connect the Oregon and Washington Systems: Rather than moving Mist gas solely by
displacement to locations in Washington, why not physically connect the Company’s pipeline system in

3 See, for example, http://www.gl-nobledenton.com/en/consulting/asset_integrity/879.php .

*For example, see the article “EPA’s ‘fugitive methane’ data under fire again” in the Gas Daily dated Nov. 6, 2013.

* See “Leak repairs rose in 2014 at gas utilities modernizing riskier systems” from SNL dated July 13, 2015
(https://www.snl.com/Interactivex/article.aspx?ID=33199640&KPLT=2).
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the Portland area with its pipeline system in Clark County? While this would quickly remove a major
limitation to serving Clark County, the movement of its own gas across state lines would jeopardize the
Company’s Hinshaw status, i.e., its exemption from FERC jurisdiction under the Natural Gas Act of 1938.

Winter-only T-South Capacity: Proposals are circulating for the creating of firm capacity on the Spectra
pipeline system in British Columbia from Station 2 to Huntingdon/Sumas that would be available only
during the heating season. This capacity arises from the higher efficiency of pipeline compressors as
ambient temperatures fall, which is why the capacity is not available on a year-round basis. As with
other T-South capacity evaluations, this could represent an opportunity to optimize resources if the cost
of this capacity is more than offset by the price spread between Station 2 and Sumas. However, since it
does not bring incremental resources to NW Natural’s service territory, it is not explicitly modeled in the
IRP as it is essentially covered already by inclusion of the NWP Sumas expansion projects.

NW Natural will continue to monitor these options and include them as future resource options should
something happen that would make these options more attractive in the future.

8. GAS SUPPLY PORTFOLIO ACQUISITION STRATEGY

This section provides the Company’s strategies for acquiring gas supplies as described in the Company’s
Gas Acquisition Plan (GAP) for 2016-2017. The GAP is reviewed and approved by the Company’s Gas
Acquisition Strategy and Policies (GASP) Committee, but such plans are always subject to change based
on market conditions. The primary objective of these gas acquisition plans is to ensure that supplies are
sufficient to meet expected firm customer load requirements under design year conditions at a
reasonable cost. Under other than design year conditions, the Company also expects to serve
interruptible sales customers. The focus of the GAP is on the forthcoming gas contracting year which
runs from November through the following October, which also coincides with the upcoming PGA
“tracker” year. This focus extends for up to two additional contracting years for multiyear hedging
considerations. Longer-term resources plans and hedging targets are the focus of the IRP and hence are
not covered in the GAP, except of course to assure consistency in the transition from near-term to
longer-term planning decisions.

The remainder of this section provides excerpts from the current GAP, and as mentioned above, its
focus is on the 2016-17 “tracker” year along with the subsequent two years for hedging considerations.

8.1. Plan Goals

Reliability: The first priority of the Company’s GAP is to ensure a gas resource portfolio that is sufficient
to satisfy core customer requirements under design year weather conditions as defined in the IRP.
Compromising reliability is not acceptable.

Lowest Reasonable Cost: Gas supplies will be acquired at the lowest reasonable cost for customers —
that is, the best mix of cost and risk. The Company takes a diversified portfolio approach with gas
purchases paced during the contracting season. The Company also optimizes its gas supply resource
assets using a third-party marketer as well as its own staff to lower costs with minimal risk to
stakeholders.
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Price Stability: Customers are sensitive to price volatility in addition to prices. Consequently, the
Company uses a mix of physical assets (storage and gas reserves, fixed-price supply purchase, and
financial instruments (derivatives) to hedge price variability.

Cost Recovery: With the exception of approved gas reserve purchases, NW Natural does not earn a
return for acquiring and selling gas commodity supplies, yet the cost of these supplies typically amounts
to the largest item in the company’s total revenue stream. Risks associated with the payment and
recovery of gas acquisition costs need to be minimized. On the financial hedging side, this means strong
credit policies and counterparty oversight. On the legal side, this mandates scrupulous compliance to
standards of conduct. Since regulatory disallowances could be devastating, maintaining trust and
credibility with state regulatory bodies is imperative.

Environmental Stewardship: NW Natural’s Strategic Plan includes “environmental stewardship” as one
of the Company’s five core values. NW Natural’s gas acquisition staff will support the Company’s efforts
in this regard as may be deemed appropriate.

8.2. Relationship to the Integrated Resource Plan

The IRP contains the company’s long-range analysis of loads and resources spanning a 20-year horizon.
It is prepared approximately every two years and involves considerable regulatory and public input.

Because the IRP focuses on long-term decisions, it does not include many of the details that are
provided in this document. Nevertheless, there is consistency between the GAP and the IRP to ensure
that long-range decisions are reflected in current decisions, and vice versa.

Hedging is the subject of current dockets of the Oregon and Washington state utility commissions.>’”
Hedging strategies might be affected by results of those proceedings.

8.3. Strategies

The GASP Committee forms gas acquisition strategies based on the market outlook and on load
projections. Following is a summary of strategies:

e Utilize financial derivative hedges, storage (both market-area and supply-basin), and fixed-price
supplies including gas reserves and local production to manage cost risks. For 2016-2017, about 75
percent of expected sales volumes will be hedged with these tools, consistent with recent years,
unless the GASP Committee approves a different target. Hedges reflect the assembly of a diverse
portfolio and also allows for unhedged purchases to comprise almost half of the total purchases for
the period, i.e., the 25 percent of annual expected sales volumes intentionally left unhedged plus all
of the gas volumes purchased for injection into storage.

* UM1720 in Oregon, UG-132019 in Washington.
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At a total hedge target of 75 percent, financial derivative hedges will comprise 41 percent to 48
percent of requirements. The lower end of this range reflects the potential cost-effective acquisition
of supply-basin storage (as much as 10 percent of annual requirements per guidelines established by
GASP), thereby offsetting (lowering) financial hedges by the equivalent volume. The upper end of
this range reflects the possibility of no additional upstream storage deals beyond the current
agreements that total 3 percent of sales.

e Maximize supplies from the regions that afford the lowest prices. Gas from Station 2 currently is the
lowest-cost gas in the Company’s supply region. Alberta is the next lowest. Sumas used to be the
highest-priced supply but is now cheaper than the Rockies except for certain times during the
winter. Keys to price shifts include production levels (especially in the Eastern U.S. from surging
shale gas plays), new pipelines, power generation, regional demand as low energy prices spur an
industrial renaissance, growing exports (both LNG and via pipeline to Mexico), and weather.

o Fill storage at a pace that might present opportunities to purchase gas at times that best benefit
core customers.

e Maintain a diversity of physical supplies from Alberta, British Columbia and the Rockies.

e Due to its relative lack of trading liquidity, continue to baseload virtually all purchases from British
Columbia (Huntingdon/Sumas) during the winter season when spot supply deliveries might be
unreliable and prices more volatile.

e Substitute Station 2 for Huntingdon/Sumas purchases to the extent that Westcoast T-South capacity
can be obtained at reasonable cost.

9. SUPPLY-SIDE RESOURCE DISPATCHING

The Company utilizes SENDOUT® to perform its dispatch modeling each fall. Based on expected
conditions, this modeling provides guidance as to dispatching from various pipeline supplies and storage
facilities. These economic dispatch volumes also flow into the Company’s PGA filing.

Perhaps more importantly, SENDOUT® is used to dispatch supplies to meet design day conditions as
defined through the IRP process. This leads to the creation of guidelines representing the optimal
inventory levels on each day for each storage resource, under the premise that the remainder of the
heating season will match design conditions. These guidelines provide insights for operational personnel
as they make daily dispatch decisions throughout the heating season.

10. SUPPLY DIVERSITY AND RISK MITIGATION PRACTICES

10.1. Background

The Company’s upstream pipeline contracts enable it to purchase roughly one-third of its supplies from
each of the major supply regions in the area: British Columbia, Alberta and the U.S. Rockies. Lower
liquidity in British Columbia has prompted the Company to baseload more of its supplies from this
region, i.e., rely less on that region for spot purchases. The Company currently favors spot purchases
from Alberta due to generally lower prices.
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However, the overall mix of British Columbia, Alberta and Rockies gas purchases can change from year
to year in reaction to changing market dynamics. Recent examples include:

e Marcellus and Utica Shale: Shale gas was well known but considered unconventional and
uneconomic up until about 10 years ago. Its emergence and abundance at economic prices directly
transformed gas markets in the eastern U.S. and Canada, with ripples extending across the
continent. Combined with slow economic growth, shale gas has displaced some of the demand for
Rockies and Western Canadian supplies. At the moment, the most bearish impacts have been felt in
Alberta.

e  Ruby: The Ruby Pipeline commenced service in mid-2011 from Wyoming to the California/Oregon
border, providing another outlet for Rockies gas. However, only 71 percent of Ruby’s capacity is
backed up with firm contracts and those contracts had a remaining duration averaging nine years as
of late 2014.%® This situation could serve as further impetus for the Jordan Cove/Pacific Connector
project. Indeed, the sponsor of Jordan Cove (Veresen Inc.) bought 50 percent of Ruby in September
2014.%°

e NGLs: Prices for natural gas liquids (NGLs) such as propane and butane have tended to track oil
prices more closely than natural gas. As a result, drilling activity generally has shifted to regions
where the natural gas is “wetter” (has more NGLs) and market access is available. This then led to a
glut of NGLs and the higher heat content on the NWP system that was discussed earlier.

e Coal Plant Retirements: As a result of federal air quality mandates, aging coal plant inefficiencies,
and low natural gas prices, over 40,000 MW of coal plant retirements are expected by 2040,
replaced by a mix of renewables and gas-fired generation.*

e Growth of Exports: The first large-scale shipment of LNG from the Gulf of Mexico occurred in
February 2016, with subsequent shipments occurring about once a week.*’ But it is the export of
natural gas via pipeline to Mexico that is likely to have a larger influence on U.S. markets. The U.S.
Energy Information Administration (EIA) projects LNG exports will growth to an average of
1.3 Bef/day in 2017.%? By comparison, pipeline exports to Mexico are already up to 3 Bcf/day® and
further growth is expected.

As the tight nationwide balance between supply and demand a decade ago transitioned to the “shale
gale” era of plentiful supplies, the Company’s physical gas contracting practices have evolved to place
more reliance on the spot market during cold weather or other extreme load periods. In the past, spot
gas would have been less than 10 percent of total purchases during the heating season. But in recent
years, spot gas constitutes over one-third of the Company’s total purchases during the year (including
for storage injection) and about the same proportion for purchases made specifically during the heating
season.

%8 http://www.vereseninc.com/wp-content/uploads/2012/11/Investor-Presentation-Ruby-Pipeline-Acquisition-
September-22-2014.pdf.

* http://www.bloomberg.com/news/articles/2014-09-22/veresen-to-buy-50-of-ruby-gas-pipeline-for-1-43-billion.

O E|A’s Annual Energy Outlook 2015, page 26, http://www.eia.gov/forecasts/aeo/pdf/0383%282015%29.pdf.

* http://fuelfix.com/blog/2016/04/25/chenieres-sabine-pass-ships-seventh-cargo/.

* https://www.eia.gov/forecasts/steo/report/natgas.cfm.

* http://www.eia.gov/dnav/ng/hist/n9132mx2M.htm.
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Physical gas contracting strategies for 2016-2017 that are consistent with strategies of recent years
include:

e Maintaining a diversity of physical supplies from Alberta, British Columbia and U.S. Rockies.

e Buying supplies at trading points with high “liquidity” in order to access the most competitively
priced and reliable supplies.

e Continuing to shift the source of physical supplies to the lowest-cost source region.

e Evaluating the cost-effectiveness of “citygate” deliveries similar to the physical call option
arrangement that has been in place with a gas marketer over the past two winters, especially as
a potential backstop to continued reliance on segmented capacity.

Figures 3.13 and 3.14 provide graphical representations of the Company's physical gas supply resources
and diversity during 2015.

Figure 3.13: Gas Supply Diversity by Contract Length for Calendar Year 2015

Medium Term

30%

Long Term
33%

Note: Long Term means one year or longer, Medium Term is greater than a month but less than a year,
and Spot is up to a month.
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Figure 3.14: Gas Supply Diversity by Source for Calendar Year 2015

British
Columbia
13%

Mist Production
1%

As supply contracts expire, new opportunities to recontract supplies under different arrangements will
be examined.

10.2. Physical and Financial Hedging

The Company provides its retail sales customers with a gas service that bundles together the gas
commodity, upstream pipeline transportation, off-system contracted gas storage, and on-system gas
storage owned and controlled by the Company. To accomplish this, the Company aggregates load and
acquires gas supplies for its core retail customers through wholesale market physical purchases that
may be hedged using physical storage or financial transactions. As previously described in Section VII.B
of this chapter, four goals guide the physical and financial hedging of gas supplies: Reliability, Lowest
Reasonable Cost, Price Stability and Cost Recovery.

The use of selected financial derivative products provides the Company with the ability to employ
prudent risk management strategies within designated parameters for natural gas commodity prices.
Authorized derivative instruments are defined within the Company’s Gas Supply Risk Management
Policies (GSRMP), and they used in accordance with the hedging strategies and plans approved in the
Gas acquisition Plan (GAP). All wholesale gas transactions must be within the limits set forth by those
policies and relate to the Company’s utility requirements. This is intended to prevent speculative risk.

The Company’s Gas Acquisition Strategy and Policies (GASP) Committee maintains oversight for the
development and enforcement of the GSRMP. Within those policies, the Derivatives Policy establishes
governance and controls for financial derivative instruments related to natural gas commaodity prices
including financial commodity hedge transactions.
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While hedging strategies have evolved over the years, these basic principles have been maintained:

e Portfolio diversity
e Attention to long-term price fundamentals
e  Flexibility to seize new opportunities

10.3. Hedging Targets

A major focus for the GASP Committee is the establishment, review and approval of annual hedging
targets for the gas supply portfolio. Hedging in this context falls into the following general categories:

e Pre-authorized financial derivative instruments (up to five years with approved counterparties)
e Longer-term structures

e Fixed price gas purchase agreements

e Gas injected into storage

Hedging targets, that is, the percentage of the portfolio to be hedged and in what manner, are
developed for the upcoming PGA “tracker” year as well as future years based on the Company’s view of
long-term price fundamentals. The growth of shale gas and the country’s economic recession resulted in
a dramatic reduction of gas prices, with the Company’s gas rates now lower than they were in 2004 and
future price expectations are currently at historically low levels (see figure 3.15).

Figure 3.15: Rolling 5-Year Forward Price since 2000
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This downward trend has given rise over the last few years to some basic questions:

e Should the Company attempt to lock in current price expectations for a long-term period?
e |[f so, for what portion of the portfolio?
e How best to evaluate the attributes of very different types of hedging structures?

One result of course was the 2011 gas reserves purchase agreement with Encana Qil & Gas (USA) Inc.
(Encana), which has been discussed in detail in prior IRPs and other proceedings and will be summarized
briefly in this IRP in a subsequent section.

Questions regarding the development of hedging targets led the Company to commission Aether
Advisors LLC (“Aether”) to perform an independent review of its hedging program. Aether issued its first
report to the Company in January 2014, which was included in appendix 3 of the 2014 IRP. Key findings
of that report were:

e Itis important that utilities have an integrated hedging program over a broad time horizon.
e Long-term hedging provides long-term rate stability and reliable supply for customers.

e NW Natural’s hedging program is effective at managing gas supply costs for customers.

e There are compelling reasons for NW Natural to consider additional long-term hedging.

Aether had specific recommendations for establishing hedging targets and stress-testing the results.
They entail a probabilistic approach to the customers’ tolerance for rate increases. Aether also
differentiated between time periods with the following understanding:

e Short-Term means the current and upcoming PGA period, so storage can be considered a tool
for hedging.

e Medium-Term goes through the next three PGA periods because that is the limit under which
conventional financial hedges can be secured per the limits specified in the Company’s GSRMP.

e Long-Term accordingly refers to the time period beyond the next three PGA periods, conceivably
out 20 years or more when a transaction like a gas reserves purchase is under consideration.

10.4. Current Percent Hedged

The Company’s main hedging target has been to hedge a total of 75 percent of its expected
requirements going into each PGA year. In light of the ongoing OPUC and WUTC hedge dockets that are
expected to touch on this subject, the Company continues to use 75 percent as its overall hedging target
for the time being. (The 75-percent target has been used and approved in OPUC/WUTC regulatory
proceedings starting back in 2006.) **

The 75-percent target leaves 25 percent to be purchased at unhedged prices during the PGA year. Gas
purchased for storage injection (about 20 to 25 percent of total requirements), while considered a type
of hedging for the upcoming PGA year, also consists of unhedged purchases made during the

* See, for example, OPUC Order No. 06-609 (appendix A, p. 13) and OPUC Order No. 07-456 (appendix, p. 5).
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spring/summer months. Accordingly, about half of the Company’s total purchases each year are hedged
through financial derivatives, fixed price contracts or gas reserves, while the other half of the purchases
are made at spot market prices (see figure 3.16). Further targets have been developed, such as for
winter versus summer months, as described in the GAP for each year.

Figure 3.16: Gas Supply Portfolio Hedge Targets for 2016-2017

Storage or
Derivatives

Unhedged 1%
25%
Mist
Production__
1%
Long Term
Derivatives Medium Term
7% ivati
Derivatives
19%

Note: Long Term refers to gas reserves, Medium Term means up to three years, and Short Term means
within the 2016-17 tracker year only.

10.5. Long-Term Hedging Strategies and Plans

Aether completed a second report in July 2014 (also included in the 2014 IRP) that focused on Long-
Term hedging. Long term in this context refers to periods extending beyond the next three PGA
“tracker” years. The reason for this focus is that the fundamentals of gas production and demand
patterns across the country appear to favor locking in gas prices now for longer-term periods. In
addition, special consideration is given to periods beyond the next three years because conventional
financial derivative hedging currently is limited to five years under the Company’s GSRMP due to credit
risks. That is, anything beyond five years requires additional precautions or deal structures that ensure
against counterparty default. Moreover, the Company currently has no counterparties approved for
financial transactions beyond a three-year period, hence the focus on Long-Term as anything extending
beyond the next three PGA years.

On the supply side, U.S. gas production has been robust, hitting new records with some regularity, but is
starting to show signs of plateauing (figure 3.17). It is unlikely that production technology will stagnate,
but instead should continue to improve over time. A significant production impediment that might
appear would be new (or more stringently enforced existing) regulations that place certain developable
lands out of bounds, or add significantly to the cost of production and so eliminate certain areas from
development due to declining economics. But an immediate slowdown would be due overwhelmingly to
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the low price environment, which is leading to reductions in capital spending, layoffs and bankruptcies
in the exploration and production section (figure 3.18).

Figure 3.17: U.S. Total Natural Gas Production

Figure 3.18: Oil and Gas Producer Bankruptcies
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On the demand side, the Company’s view continues to be that the country is passing an inflection point
that will lead to a surge in natural gas consumption. As shown in figure 3.19, power generation will lead
the way, spurred by coal plant retirements as well as renewable energy mandates that will push the
need for more gas-fired electric generation to replace retired units and support the grid. Gas exports will
add to the demand for natural gas in the form of both LNG shipments and via pipeline to Mexico.

Then there is the expected industrial renaissance, with cheap U.S. natural gas fueling a surge in the
petrochemical industry. A prime example in our region is the progress being made by a multinational
group in the creation of a methanol manufacturing facility at Kalama, Washington, as well as their
continuing efforts to site a second facility at Port Westward, Oregon (a third proposed facility in Tacoma
has been dropped due to local opposition).* And of course there are other possibilities for accelerated
natural gas demand growth, for example, as a transportation fuel for ships, trains, trucks and
automobiles.

Figure 3.19: Projected North American Natural Gas Demand Growth

While there can never be any guarantees, this appears to be a prime time for locking in longer-term gas
prices for a larger portion of the portfolio.

Of course deciding that it is timely to enter into longer-term hedging is only the first step. The second
step is deciding the volume to hedge. The July 2014 Aether report recommended a long-term hedging
range of up to 35 percent of expected annual requirements.*Aether also recommended that the hedge
percentage decline over time due to factors such as market liquidity, load forecast uncertainties and the
size of the financial commitments involved in these types of transactions. To that end, the Company had
proposed guidelines around long-term hedging in the 2014 IRP, which led to the creation of OPUC

** See at http://tdn.com/news/local/unlike-tacoma-project-kalama-methanol-plant-gets-warmer-
reception/article 55711e3a-92de-52af-ab1c-15b84669dc05.html .
*® Aether Advisors report dated July 2014, p. 68.
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Docket No. UM 1720. Through that docket, the Company hopes to establish consensus guidelines for
conducting longer-term hedges. This would include methodologies for evaluating different types of
longer-term hedging—financial derivatives instruments, physical supply contracts, gas ownership, etc.,
starting with, for example, how to evaluate the multitude of different durations that different structures
may offer.

Concurrently, Washington State is reviewing hedging practices in WUTC Docket No. UG-132019. This
docket appears to be concerned primarily with a program for shorter-term hedging—no more than 24
months into the future from the present month—as a portion of an overall hedging portfolio. Storage
would be another portion that is not under discussion so far in the docket, as would be another portion
(referred to as “programmatic” hedges) that could encompass longer-term hedging.

As of this writing, there is no coordination between the OPUC and WUTC hedging dockets, but the
Company is hopeful that a bridge can be found to ensure some level of consistency between the
outcomes of the two dockets and the avoidance of undue administrative complexities and cost.

10.6. Joint Venture for Gas Reserves

In April 2011, the Company entered into a Carry and Earning Agreement with Encana under which the
Company and Encana agreed to participate in a joint venture to develop gas reserves located in the
Jonah Field, located in the Green River Basin in Sublette County, Wyoming."” Under this agreement, the
Company paid a portion of the costs of drilling in the Jonah Field, and in return received rights to the
production of gas from certain sections of the field.

The gas is produced and marketed to other parties at a monthly index price. The proceeds from the
sales are applied as an offset to the Company’s own monthly index-based gas purchases. In this way, the
gas reserve agreement more closely resembles a financial swap than a physical supply contract. While
the Company could choose to bring the gas to its service territory rather than sell it off, that choice has
other implications that make it less desirable unless there were some physical constraint in the Rockies
that severely limited the Company’s access to other gas supplies.

The intent of this venture was to provide Oregon utility sales customers with long-term supplies at
stable pricing over the life of the gas reserves, approximately 30 years. By prior agreement, NW Natural
does not include this joint venture in rates for its Washington customers but instead maintains two
separate portfolios for Oregon and Washington for PGA purposes, as contemplated in the WUTC’s Order
No. 5 in Docket No. UG-111233.

During the first 10 years of the agreement, the Company projected the volume of gas under the Carry
Agreement to be approximately 8-10 percent of the Company's average annual requirements for its
utility operations, with a peak of about 15 percent in the years during the height of the drilling program.
However, in 2014, Encana sold the agreement to Jonah Energy (Wedge) LLC, and the contemplated

“ On April 28, 2011, the OPUC issued an order finding the Company’s actions prudent in entering into a joint
venture with Encana to develop gas reserves on behalf of its Oregon customers. See Docket No. UM 1520, Order
No. 11-176.
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drilling program ended. Several additional wells were drilled in 2014 with Jonah Energy, referred to as
“Post-Carry” wells, and an order was issued by the OPUC in 2015 regarding their regulatory treatment.*
For the purpose of this IRP, the Carry and the Post-Carry volumes were aggregated and referred to as
Long-Term Derivatives in figure 3.16. Unless the Company participates in the drilling of new Post-Carry
wells, the natural depletion of the gas reserves should result in its gradual decline each year in terms of
its percentage of the Company’s hedge volumes.

10.7. Modeling of Gas Acquisition Costs

As done in its prior IRPs, the Company has not specifically modeled the commodity cost of any particular
gas acquisition option. For example, it has not embedded the expected price of gas from the Carry and
Post-Carry wells. Doing so would be problematic and unhelpful.

One of the building blocks of the IRP analysis is a price forecast applicable to commodity gas purchases
at various trading hubs in the region (AECO, Sumas, et al.). This permits a complete evaluation and
comparison of different demand-side measures and supply-side resources. Embedding any current
financial swap or other agreement within that forecast would likely improperly skew the results because
those prices are available only with those particular transactions, which are not unlimited in volume. If
the Company were to use past transactional prices as a proxy for the marginal cost of gas, the model
would not produce a realistic analysis of the options currently available for purchasing gas. Moreover,
the existence of past financial transactions does not necessarily have an effect on the location at which
the Company will purchase physical gas in the future because the Company can always choose to apply
the proceeds from financial transactions to whatever purchases it does makes, and it will strive to make
those purchases at the lowest cost locations. This approach has been approved in the past.*

Although the gas reserves acquisition did not alter the resource options modeled in this IRP, it is possible
that this could change in future IRPs. For instance, an unexpected supply constraint in the Rockies could
lead to the Company relying on the physical receipt of the gas reserve supplies rather than just the
financial proceeds. In that unlikely case, the NWP capacity available to the Company in the Rockies
would need to be split between the gas reserves and gas purchased under other supply contracts.

*® OPUC Order No. 15-297 dated September 28, 2015.

* For example, in David Danner’s (then WUTC Executive Director and Secretary) letter to NW Natural dated Jan.
13, 2012, the WUTC acknowledged the Company’s previous IRP filed in Docket No. UG-100245 and confirmed
that NW Natural’s approach to limiting the inclusion of the Encana transaction in its analyses was appropriate.
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11. RECENT ACTION STEPS

The Executive Summary of the Company’s 2014 IRP had a Multiyear Action Plan>® with 10 items related
to supply-side resources and hedging. Those items, along with the actions actually undertaken by the
Company, are as follows:

i. Recall 30,000 Dth/day of Mist storage capacity from the interstate storage account effective
May 2015 to serve the core customer needs reflected in the Base Case load forecast.

This was done. Also, since recall decisions are made during the summer for an effective date of May lof
the following year, it was decided in the summer 2015 not to do another Mist recall for 2016, which also
fit with the projections in the 2014 IRP.*

ji. Given that segmented capacity is an interim solution, continue working with NWP to investigate
options regarding both the Plymouth and Jackson Prairie storage facilities.

The Company was unable to improve the reliability of its NWP TF-2 transportation service from
Plymouth. To assure deliveries, the only option would have been to use TF-1 service from receipt points
east of Plymouth (Stanfield or the Rockies). This would have been a “robbing Peter to pay Paul” situation
since it would rob the Company of reliable gas deliveries from those other points. Plymouth in essence
became a supply-basin storage facility, similar to Alberta storage, and on that basis, the costliness of the
LNG service did not justify continuation of our Plymouth contracts. Those contracts were terminated
effective Oct. 31, 2015.

The Company was able to negotiate a discounted TF-1 primary firm service applicable to Jackson Prairie
to replace the 13,525 Dth/day of subordinate TF-2 service. Details regarding the proposed new
agreement were filed with the OPUC on May 8, 2015, as a 2014 IRP Update, as well as in the Company’s
2015 PGA filings. Service commenced effective Nov. 1, 2015. Accordingly, this matter is now resolved for
the foreseeable future.

jii. Explore alternatives with NWP for increasing contracted MDDO capacity at Vancouver gates,
including but not limited to, TF-1 contract extensions and/or subscription for additional CD
capacity at some future date.

Two steps were taken that increased MDDOs useable at the Clark County gates. First, the new
agreement for Jackson Prairie deliveries mentioned above also created the same volume (13,525
Dth/day) of new MDDOs for the gates. Second, NWP agreed to a segmentation of the March Point TF-1
contract that comes into the Company’s possession on Jan. 1, 2017, which will add 12,000 Dth/day of
new MDDOs for Clark Country related gates. So MDDOs directly applicable to Clark County have been
improved by 25,525 Dth/day compared to the last IRP. In addition, the new methodology for
redeploying unused MDDOs described in section III.D resolved any remaining Clark County MDDO
concerns for the time horizon of this IRP.

% See 2014 IRP, pages 1.201.22.
>l See 2014 IRP, Table 7.5 on page 7.13
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iv. Provide termination notice to NWP on the Company's existing Plymouth LS-1 and TF-2 service
agreements by Oct. 31, 2014 (effective Nov. 1, 2015), unless NWP offers a viable economic
alternative solution before that notice cutoff date.

Done as discussed in item ii above.

V. Complete analysis regarding North Mist: refine cost estimates; quantify the value of the project’s
optionality created by upsizing the associated takeaway pipeline near-term versus at some
future date(s); and research applicability of the Company’s Hinshaw Exemption. NW Natural will
submit this analysis for the Commission’s review by May 2015.

NW Natural submitted an update to the Company’s 2014 IRP to the Public Utility Commission of Oregon
in May 2015 related to a North Mist expansion®? for utility customers. The update included analysis of
alternatives, refined cost estimates, and discussed both the real option nature of a specific alternative
and the Company’s Hinshaw Exemption. Regarding the Hinshaw Exemption, the Company’s legal
analysis indicated that it may be possible to structure agreements so that the Hinshaw Exemption is not
impacted. NW Natural stated in the filing that it did not view the Hinshaw Exemption as an obstacle to
further evaluation of the North Mist resource at this time.

NW Natural filed a second update in October 2015,>® which included additional information regarding a
North Mist expansion. The Company included a summary of the analysis with respect to alternative
configurations of takeaway pipelines in the context of the Company’s 2014 IRP, which appears below as
table 3.7.>* The analysis of alternative configurations of takeaway pipelines concluded that the
Alternative 3 hybrid approach, utilizing both northbound and southbound takeaway pipelines, was the
least-cost alternative. A related analysis in the October filing concluded the North Mist expansion
utilizing the takeaway pipeline configuration contemplated in the 2014 IRP did not have a positive value
as a real option.

NW Natural discusses the North Mist Il alternatives earlier in this chapter and discussed the project,
including alternative takeaway configurations, with stakeholders in the Company’s Feb. 10, 2016
Technical Working Group meeting.

>> NW Natural identifies a North Mist expansion for utility customer in the 2016 IRP as North Mist Il

>* Both the May and October 2015 filings were in the Public Utility Commission of Oregon’s Docket No. LC 60, NW
Natural’s 2014 IRP proceeding in Oregon.

> Table 3.7 appeared as Table 1 on page 8 of the October 2015 filing.
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Table 3.7: PVRR Values for North Mist Alternatives and a Clark County LNG Facility in NW Natural’s 2014 IRP*
(Millions of $2015)

Base Case High Load Low Load
2014 IRP Resource Scenarios Al and A3

North Mist Alternative 1 201.7 223.0 148.1
North Mist Alternative 2 216.4 240.6 155.8
North Mist Alternative 3 194.1 215.9 139.3
Clark County LNG 295.4 328.3 212.5

2014 IRP Resource Scenarios A2, B1 and B2

North Mist Alternative 1 148.1 164.4 107.2
North Mist Alternative 2 155.8 174.2 109.4
North Mist Alternative 3 139.3 156.0 97.4
Clark County LNG 212.5 237.7 149.3

Vi. Preserve the optionality of participating in both the Cross-Cascades and Pacific Connector
interstate pipelines by working with the Project Sponsors and exploring what preserving this
optionality requires. Timing is contingent on other parties. Updates will be provided at the
annual updates.

The Company continues to monitor the progress of the Trail West and Pacific Connector projects, and
for a time was in the process of negotiating a precedent agreement with Trail West to preserve it as an
option, but that effort has paused and no commitments have been needed so far. More on Pacific
Connector in the next item.

vii. Conduct cost-risk analysis on acquiring capacity on the proposed Pacific Connector pipeline to
ensure that the Company has fully analyzed its options should the project move forward. These
analyses will be included in the next IRP.

In March 2016, FERC rejected the applications to build and operate Jordan Cove and Pacific Connector.*®
FERC's rationale was that the sponsors had not lined up enough (if any) commitments for the LNG, so
there were no benefits to balance against the adverse impacts argued by landowners and other
opponents to the project. The sponsors immediately contacted potential customers and announced the

> please see Section 7.2. Storage Additions, North Mist Il for an explanation of the alternatives.
*® http://www.oregonlive.com/environment/index.ssf/2016/03/feds_deny jordan_cove Ing_term.html
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signing of preliminary agreements covering half of the LNG terminal capacity as well as 75 percent of
Pacific Connector capacity, then filed an appeal with FERC in mid-April.>” On May 9, 2016, FERC issued
an order allowing itself more time to consider the rehearing request, but did not specify a timeline.”® So
while Pacific Connector remains a resource option in this IRP analysis, conducting further risk analysis
has been put on hold for now.

viii. Increase the Company’s long-term hedged position of gas requirements from the current level of
approximately 10 percent up to 25 percent consistent with the recommendation of the
Company’s consultant. NW Natural will propose specific long-term hedging parameters for
Commission and stakeholder review prior to June 30, 2015.

This matter is now being explicitly considered in OPUC docket UM 1720, and is an implicit part of the
Company’s involvement in WUTC docket UG-132019.

ix. Continue monitoring pipeline projects that have been identified in this IRP and that are
associated with LNG export facilities.

Pacific Connector was discussed two items above, and as previously mentioned, NWP’s Washington
Expansion (WEX) project is considered dead due to the cancellation of the Oregon LNG project.

X. Continue updating and refining resource cost estimates included in modeling and options
considered such as satellite CNG/LNG.

This IRP contains our latest estimates.
12. RECAP AND KEY FINDINGS

e The Company recalled 30,000 Dth/day of Mist deliverability effective May 1, 2015, and a
combination of other resources allowed it to avoid further recall in 2016.

e The Company needs to plan for the eventual phase-out of segmented capacity because its peak
day reliability is expected to degrade over time. For this IRP, that phase-out date is Nov. 1, 2020,
which is based on the estimated timing of new gas-fired power generation and industrial
projects significantly impacting gas flows from Sumas. However, in the interim, the Company
will increase its reliance on segmented capacity from 43,800 Dth/day (as shown in the 2014 IRP)
to 60,700 Dth/day.

e The Company has resolved its concerns regarding firm transportation service reliability from
Plymouth and Jackson Prairie storage.

o For Plymouth, this resolution unfortunately needed to be the removal of Plymouth from
the Company’s resource stack and the termination of the related NWP agreements,
which took effect on Oct. 31, 2015.

57 . ..
http://www.vereseninc.com/newsroom/news-releases/?path=/press-releases/veresen-announces-submission-
of-request-for-rehearing-to-ferc-and-execution-of-n-tsx-vsn-201604111050082001.

> http://veresen.mwnewsroom.com/Files/d8/d8a206f6-6aa8-4324-afcd-02f0a601e8aa.pdf.
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o ForJackson Prairie, a new discounted TF-1 agreement was negotiated with NWP and the
affected 13,525 Dth/day now has primary firm pipeline capacity supporting it, thus this
resource no longer needs to be phased out.

Short-term citygate delivery contracts have been cost-effective the past two winters, and the
Company is investigating their potential viability on a multiyear basis so that they may be
considered in the context of the IRP analysis.

The prior concern with MDDOs, especially for gate stations serving the Clark County load center,
has been resolved for this IRP planning period through a combination of three factors:

o Consultations with NWP led to a new methodology for considering the conjunctive
treatment of MDDOs within a zone, and the redeployment of unused MDDOs from a
zone to an upstream zone.

o The new discounted TF-1 contract from Jackson Prairie created 13,525 Dth/day of new
MDDO effective Nov. 1, 2015.

o Segmentation of the March Point contract creates 12,000 Dth/day of applicable MDDOs
effective Jan. 1, 2017.

Gas market fundamentals appear to support additional long-term pricing arrangements at this
time, but any actions must be congruent with the Oregon (UM 1720) and Washington (UG-
132019) hedging dockets.

A glut of NGLs in the region has led to a higher heat content of the gas flowing on NWP’s
system. This in turn has slightly boosted the capabilities of the Company’s on-system storage
plants. However, the NGL glut is not expected to persist indefinitely, so this impact also has
been modeled as phasing out gradually over time.

The Oregon LNG export terminal near Astoria has been canceled, so the associated Washington
Expansion pipeline project no longer needs to be considered. Meanwhile, Jordan Cove recently
suffered a severe setback at FERC, but it is still sufficiently alive to warrant continued inclusion in
the IRP analysis.

Contracting for T-South capacity should be re-evaluated each year due to the potential for
changing price spreads between Station 2 and Sumas and other relevant considerations such as
supply liquidity.

There are a variety of resources that are too speculative for inclusion in this analysis, but that
determination should be revisited in future IRPs.

o As part of its ongoing asset management practice, the Company recently received a
consultant’s study on the Mist storage facility that included a variety of
recommendations. Of likely significance within the action plan timeframe of this IRP are
repairs, replacements and/or modifications to the dehydration systems at Mist. Chapter
1 includes the following action item:Replace or repair, depending on relative cost-
effectiveness, the large dehydrator at Mist’s Miller Station. Replacement is currently
estimated to cost between $6 million and $7 million based on estimates obtained from
a third-party engineering consulting firm engaged by NW Natural. NW Natural will
evaluate alternatives associated with the Al's Pool and Miller Station small dehydrator
systems at Mist to determine if and when additional actions are warranted.
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1. OVERVIEW

NW Natural operations are informed and driven by the environmental and regulatory context in which

the utility operates. This includes policies that are currently
implemented, and also policies likely to take effect sometime
in the Company’s planning horizon. At the federal level, the
Clean Power Plan has the potential to increase demand on
natural gas, thereby driving up the cost of gas. And, methane
regulation impacts how gas is produced. More locally in the
Pacific Northwest, Washington and Oregon have both
implemented policies — or are considering policies — that
could impact how greenhouse gas emissions are valued. This
landscape forms the foundation of NW Natural’s carbon
scenarios within this IRP.

This chapter explores NW Natural’s view of actual or likely
legislative and regulatory contexts, and how that assessment
informs its current and future actions to address greenhouse
gas (GHG) emissions. Stakeholders should understand and
weigh in on this view as it creates the framework for the
Company’s planning efforts. Additionally, the 2014 IRP
specifically requested a stakeholder discussion regarding
methane and carbon regulation. This technical working
group meeting was held on March 17, 2016 and the topics
covered in this chapter were reviewed and discussed at that
time. The upstream methane pilot project, presented in this
chapter, was discussed at the technical working group
session on June 22, 2016.

Legislation and regulation to reduce the environmental
impacts of the energy system present the Company with
both risks and opportunities. It is important that the
Company understand emerging policy and how it may
impact our customers, our business, and the citizens of the
states we serve. More critically, we must work to find
alignment with our stakeholders and Commissioners on this
view.

4.1

Key findings in this chapter include the
following:

KEY FINDINGS N

The policy future around carbon pricing is
uncertain but NWN believes a price on
carbon will be adopted at the state,
regional or federal level within the planning
horizon.

NWN is using a carbon price from the NW
Power Planning and Conservation Council
based on their California cap and trade
price forecast.

NWN is working hard to reduce GHG
emissions at all stages of the supply chain
and expects to engage in any policy
debates around a carbon price.

Due to completing our pipeline
replacement with newer pipe, the
Company is among the tightest distribution
companies in the country in terms of
methane emissions.

Opportunities for additional methane
emissions reductions are largely upstream
of distribution —and NWN is exploring a
pilot project that would promote the use of
best management practices in gas
production.
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2. GREENHOUSE GAS EMISSIONS OVERVIEW
The GHG emissions that are attributable to the natural gas system come from two places:

e Methane emissions that escape from production wells, from leaks in pipelines (transmission and
distribution lines), storage facilities and from emissions from other equipment (citygate stations,
meter sets, etc.); and

e Carbon dioxide emissions that result from the combustion of natural gas when customers use it
as a fuel.

While it is not a completely separate category of emissions, the Company also tracks and reports
separately to the Public Utility Commission of Oregon NW Natural’s specific emissions associated with
the Company’s fleets, facilities and other operations (e.g., compressors).

2.1. Methane Emissions from the Natural Gas System

There are three parts to the natural gas system—production, transmission (which includes storage) and
distribution—and methane emissions occur in varying degrees at the points along this supply chain.
Policies and regulation seek to impact these emissions; accordingly, policymakers and regulators need to
understand the value chain — where emissions occur and which entity has control over that part of the
value chain. Figure 4.1 illustrates the three basic parts of the natural gas system.

Figure 4.1: Natural Gas Sector Breakdown

ICF International recently published a comprehensive literature review of a wide variety of sources
regarding methane emissions from the natural gas sector.' The report indicates that EPA’s 2014
Inventory of Emissions shows that agricultural sources of methane such as livestock and farming
operations are the largest U.S. sources of methane, accounting for 32 percent of methane emissions and
3.5 percent of total U.S. GHG emissions. Natural gas industries account for 24 percent of methane
emissions, or 2.6 percent of all U.S. GHG emissions in 2014.

YocE International, Finding the Facts on Methane Emissions: A Guide to the Literature, April 2016,

http://www.ngsa.org/download/analysis_studies/NGC-Final-Report-4-25.pdf.
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Figure 4.2, drawn from the ICF report, compares the methane emissions from the entire natural gas
sector with other sources of total U.S. greenhouse gas emissions.

Figure 4.2: Methane Emissions from Natural Gas Industries’

Most methane emissions associated with the natural gas system are upstream of distribution, with the
majority occurring in production and transmission. According to the recent ICF literature review,
distribution accounts for approximately 21 percent of the fugitive methane emissions, gas production
(30 percent), gas processing (14 percent), and transmission (35 percent); (see figure 4.3).

> Ibid. ICF International, 2016.
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Figure 4.3: Methane Emissions Sources within the Natural Gas Sector

2.2. GHG Emissions from Natural Gas

Natural gas emits GHGs when combusted by customers in the residential, commercial and industrial
sectors. While these emissions are not within the Company’s control, NW Natural works hard with our
customers to limit their GHG emissions through energy efficiency and our Smart Energy program,
described in more detail below.

EPA inventory shows national direct emissions from natural gas and other sources are relatively flat and
make up slightly more than one-third of total emissions for homes and businesses (see figure 4.4).
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Figure 4.4: U.S. GHG Emissions from Direct Sources and Electricity

2.3. Measuring and Regulating Emissions from the Natural Gas System
Production and Transmission

EPA attempts to measure emissions from the natural gas system in a variety of ways. Upstream
emissions that occur during production and transmission fall under the EPA’s New Source Performance
Standards (NSPS), under Section 111 of the Clean Air Act. The NSPS apply to new, modified and
reconstructed facilities in specific source categories.

On May 16, 2016, EPA released final updates to its 2012 NSPS for the oil and gas industry aimed at
reducing GHG emissions — most notably methane — along with smog-forming volatile organic
compounds (VOCs). The updates apply to equipment at natural gas transmission compressor stations:
specifically, they add requirements for detecting and repairing leaks, as well as requirements to limit
emissions from compressors, pneumatic controllers and pneumatic pumps used at compressor stations.
The rule applies to large emission sources and to emission sources upstream of the point of custody
transfer at the citygate. It's unlikely that a source within the NW Natural distribution system would fall
within the threshold set by the rule. However, NW Natural continues to work with EPA and the
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American Gas Association (AGA) to ensure any new or updated compressors and equipment are
operated and maintained in accordance with these regulations.
Distribution

Methane emissions from the distribution system occur at various points within the system. Pipe vintage
and pipe material type are the biggest drivers of methane emissions within the distribution system.
Older pipe types (e.g., cast iron and bare steel) are much more prone to leaks compared to newer pipe
(e.g., coated steel and poly). Additionally, meters, regulators and services account for very small
methane emissions. Finally, emissions can occur at gate stations and from equipment like compressors.

Currently, there is no federal regulation addressing emissions from the distribution sector. However,
NW Natural participates in the EPA’s GHG Reporting Program (GHGRP) under the Clean Air Act by
providing emissions data annually to the agency through two pathways, Subpart W and Subpart NN. The
GHGRP requires owners or operators of facilities that contain petroleum and natural gas systems and
emit 25,000 metric tons carbon dioxide equivalent (MTCO,e) or more per year to report system
emission data to EPA.

Subpart W

Under Subpart W, the Company is required to report its fugitive emissions, defined as emissions not
discharged through a flue or stack. These are emissions that result from small leaks in equipment or as a
result of pipeline corrosion. Under Subpart W, the emission measures are calculated through a
combination of EPA-established emission factors based on equipment type and pipeline composition, as
well as a few direct measures.

Subpart W relies on various emissions factors that are based on broad industry averages. The section
below on current reduction strategies includes additional data derived from recent reports that helps
refine and improve these average emissions factors.

Subpart NN

The vast majority of the greenhouse gas emissions associated with natural gas—about 98 percent—
occur on the customer’s side of the meter when the fuel is combusted. LDCs must report the GHG
emissions that would result from the complete combustion or oxidation of the annual volumes of
natural gas provided to end users on their distribution systems. Through Subpart NN, NW Natural
reports to the EPA on GHG emissions from the final use of natural gas by our customers in Oregon and
Washington.

2.4. Company-Specific Emissions
NW Natural also tracks scope one emissions — GHG emissions associated with Company operations —
and reports these biennially to the OPUC. These Company emissions, as shown in the graph below, are

made up of emissions associated with our fleet operations, the operation of our facilities, and the
operation of compressors to operate both our pipelines and Company gas storage (see figure 4.5 from
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RG-46, OAR 860-085-0050(1) Greenhouse Gas (GHG) Compliance Report).? The baseline for the OPUC
report, indicated in the first column of the graph below is the company’s average emission from 2008
and 2009. This two-year average is used as the baseline proxy for 1990 and 2005 emission levels
required by the OPUC report. The variability of company emissions year on year is primarily due to
Company’s operational needs that are determined by weather and market price variations. For example,
in years with more natural gas throughput and/or more use of storage, the Company sees greater
emissions from compressor operations.

The graph below also shows the estimated emissions related to fugitive emissions on our system. While

the emissions associated with fleets, facilities and operations are measured, fugitive emissions are
derived from the Subpart W emissions factors described above.

Figure 4.5: Company-Related GHG Emissions
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* The emissions for “Storage Facilities” in the graph are from company compressors and not from any fugitive
emissions at our storage facilities. Fugitive emissions from NW Natural storage are very low and do not meet the
reporting threshold for these emissions under Subpart W of the EPA’s Greenhouse Gas Reporting Program.
When the emission reporting program was established, NW Natural performed preliminary calculations to
determine which facilities required reporting. Under those calculations, NW Natural’s storage facilities were
significantly under the threshold of 25,000 MT of CO2e.
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3. PRICING CARBON: LEGISLATIVE AND REGULATORY LANDSCAPE

State and federal policies that seek to price carbon have the potential to impact end users of natural
gas. This section provides a broad overview of some of the policy discussions regarding carbon pricing
and GHG reductions that could impact NW Natural customers.

3.1. National Policy

The Clean Power Plan (CPP) — also known as 111(d) — regulates existing Electricity Generating Units
(EGUs). It does this by capping GHG emissions from the power sector and mandating a national 32
percent reduction in emissions by 2030. Each state is given a target—Oregon must reduce emissions by
20 percent and Washington by 37 percent—and they may reach that target through a variety of
strategies including deploying renewable energy, implementing energy efficiency, and increasing natural
gas generation. If a state is unable to meet its goal, it may trade with another state that has excess
credit. States can use EPA’s trading rules or write their own plan that allows for trades with other
“trading-ready” states. Mandatory reductions begin in 2022 with gradual “steps” down in emissions.

Implementation of this rule will likely increase demand for natural gas used in EGUs, as well as peaking
plants used to firm up increasing use of intermittent renewable energy. As such, the IHS CERA price
forecast that NW Natural uses assumes an increase in demand and a correlating increase in price.*
However, though the final rule was published in August of 2015, several states are suing and the
Supreme Court stayed implementation of the plan until the case had a chance to weave its way through
the court system.

3.2. Washington Policy

In 2008, the Washington State Legislature set targets for required statewide GHG reductions. After
failing to get the 2015 legislature to adopt a climate bill, Governor Inslee directed the Department of
Ecology to use its existing authority under the State Clean Air Act to adopt a rule that limits GHG
emissions.

To meet the Governor’s directive, Ecology published a draft Clean Air Rule on Jan. 6, 2016 and, after
receiving substantive feedback from stakeholders, rescinded it for redrafting. The Department published
a new draft of the rules on June 1. The final rule is expected in the Fall of 2016 with compliance
beginning in January 2017.

Under the rule, any entity that emits over 100,000 MTCO,e per year has a compliance obligation. The
draft rule establishes a baseline year by taking the average emissions from five years—2012 to 2016—as
reported through Subpart NN. Going forward, there are three-year compliance periods, at which time
the party must show a 5-percent reduction from the rolling baseline. Reductions may occur through

* The IHS Inc. price forecast used in the 2016 IRP considered the impact on natural gas prices of EPA’s draft CPP
rules. The draft rule ended up being much more onerous for Oregon and Washington than is expected from the
currently drafted final rule. Thus the IHS Inc. price forecast may include a greater price impact than might be
expected under the final CPP.
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efficiency and retrofits. However, if an obligated party is unable to reduce its emissions onsite, it may
invest in emission reductions units (ERUs) within the state of Washington.

As written, the draft rule makes natural gas utilities responsible for their customers’ emissions. As such,
NW Natural must make investments in emission reduction units to comply with this rule, since the
Company has no direct control over how its customers use natural gas.

NW Natural has many concerns about how this rule will be implemented, and how it will impact
customers. These include:

e This rule does not take into account customer growth. Clark County has been the second fastest
growing county in Washington.? Even though use per customer is declining (see chapter 2),
customer growth is projected to outweigh this impact in NW Natural’s service territory, inclusive
of Washington State, and therefore the Company’s compliance obligation is expected to
increase through time.

e It's unclear how Ecology will treat increased throughput that results from projects that have a
net GHG benefit, such as Compressed Natural Gas (CNG) stations. In this scenario, NW Natural
would be helping to reduce emissions in another sector (transportation) but would be penalized
with increased costs.

e There are questions about Ecology’s legal authority to regulate LDCs and there may be a legal
challenge depending on what the final rule says and how it treats LDCs.

e |t’s unclear how the UTC will treat the costs of compliance. The cost to comply is challenging to
model since ERUs do not yet exist. Additionally, because the draft rule limits credits to
Washington State and does not allow for a broader geographic area, the cost to comply may be
much higher than previously thought.

3.3. Oregon Policy

Oregon has been discussing the possibility of creating a carbon pricing policy for a decade but, for
various reasons, has not moved forward with an economy-wide program. Instead, the state has passed
sector-specific policies that reduce GHGs. Most recently, in the 2016 session, the legislature passed

SB 1547 that phases out the use of electricity derived from coal and pushes the state toward a

50 percent (nonhydro) Renewable Portfolio Standard by 2040.

Similarly, the Clean Fuel Standards targets GHG emissions from the transportation sector by mandating
a 10 percent decrease in transportation fuel carbon intensity over 10 years. This program, which is
modeled closely after California’s Low Carbon Fuel Standard, creates a market by allowing vendors of
low-carbon fuels like biodiesel, CNG and electricity to create credits, while vendors of more carbon-
intensive fuels like diesel and gasoline must purchase credits. The belief is that this market will increase

See page 466 of Woods and Poole’s 2015 State Profile for Idaho, Oregon, and Washington, where Clark County
had the second highest average annual rate of population growth for Washington counties over the period
1970-2010 and also the second highest growth rate of counties within NW Natural’s service territory. Woods
and Poole, on page 467, forecast Clark County to have the highest average annual rate of population growth
of any county in the states of Idaho, Oregon, and Washington over the period 2010-2050.
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the availability and usage of low-carbon fuels. With our Schedule H tariff for compression services,
NW Natural is poised to provide CNG to customers and generate credits under this program.

Despite this legislative movement on the electricity and transportation fronts, which account for the
majority of the state’s GHG emissions, there will be much discussion about carbon pricing legislation
coming years. Transportation emissions make up the largest sector of emissions at 39 percent of the
state’s overall emissions and the chart below shows relative emissions from electricity, gas and
petroleum for commercial and residential customers® (see figure 4.5).

NW Natural believes it is important for states to take action now to reduce emissions and prepare for
inevitable federal legislation and regulation on climate. Indeed, with its pipeline replacement program,
the Company took early action to reduce emissions associated with natural gas distribution and can now
claim one of the tightest distribution systems in the country. Additionally, Smart Energy (discussed in
detail below) was one of the first voluntary emission reduction programs offered by an LDC. NW Natural
will continue its work to reduce GHG emissions and expects to actively engage in the discussion around
carbon pricing as it evolves over coming years.

Figure 4.5: Relative Emissions from Oregon’s Residential and Commercial Sectors

3.4. Incorporating Uncertain State Carbon Policy into IRP Planning

Transportation emissions make up the largest component of Oregon’s GHG emissions at 39 percent in 2012.
Oregon Global Warming Commission, Biennial Report to the Legislature, September 2015.
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Incorporating expectations of carbon policy into IRP planning is challenging for myriad reasons since
forecasting policy is notoriously difficult and policies can have disparate impacts on NW Natural’s costs
of compliance, depending on their form and structure. For example, a carbon tax affects every unit of
natural gas sold but cap and trade programs typically only impact emissions above the specified cap.’
Moreover, policies that are at least in part carbon policies—like Renewable Portfolio Standards—may
not have any costs of compliance for natural gas LDCs like NW Natural.

Given this uncertainty regarding policy type and its implications for cost of compliance, NW Natural has
chosen to represent carbon policy uncertainty the way that many utilities represent it in their resource
planning: with a range of “carbon prices®” that act as a proxy for the cost of compliance with a wide
slate of carbon policies. It is important to note that none of the carbon prices modeled in this IRP
assume or advocate for any particular policy structure. Instead, NW Natural intends for the modeled
carbon prices to reflect policy discussions, and the uncertainty surrounding them, under way in Oregon
and Washington and the likelihood of a carbon price occurring at some point within the planning
horizon.

Additionally, choosing a slate of carbon prices to serve as a proxy for future state carbon policies —
including phase-in dates and ramp-up trajectories—requires a bit of crystal ball gazing that is fairly
subjective. Acknowledging this, the carbon modeling team had robust discussions regarding the best
option for the Base Case carbon price to represent the momentum in state carbon policy in each of
Washington and Oregon. Ultimately, the team decided to use the Northwest Power and Conservation
Council’s (NWPCC) forecast of carbon prices in the California cap and trade program as a proxy for
future state policies within the Base Case.

The team landed on this for a few reasons:

e The NWPCC is an unbiased and respected third party that has a relatively recent and publicly
available forecast;

o The first draft of the Washington Clean Air Rule depended largely on credits from the California
program. Though this changed in the latest draft, it is possible the final draft will go back to
allowing credits from the California market. Either way, ERUs will most likely follow rules
created by California; Oregon’s Clean Fuels Standard looked to California as a model, and adopts
many of the same protocols with the assumption that the California Air Resources Board (CARB)
has done due-diligence and is better staffed than Oregon DEQ on these matters; and

e |f Oregon adopts a price on carbon, it is reasonably likely the state will look south to California to
inform the structure, or even link up with the program and create fungible credits.

The models NW Natural uses in the 2016 IRP for Residential and Commercial customer growth, firm
Industrial annual load, annual energy use per customer, and peak day use per customer do not include

Note that the cost of compliance can be as variable with a cap and trade mechanism as with a carbon tax. Just
as a tax can be set at $0.01/ton or $1 million dollars/ton of carbon and the costs of compliance would be
vastly different, a cap can be set at, for example, 150 percent of 2016 emissions or 50 percent of 1925
emissions and the costs of compliance will be just as drastically different.

The discussion through the remainder of this chapter adopts the common IRP nomenclature of referring to the
costs of complying with carbon policy as “carbon prices.”
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price as an explanatory variable.” Therefore, the incorporation of an explicit carbon price does not
directly impact the level of load forecast. NW Natural includes alternative carbon prices in the
Company’s avoided cost, however the level of avoided cost influences the level of cost-effective
demand-side management energy efficiency™ and thereby impacts both the annual energy and peak
day load forecasts.

In addition to the NWPCC's forecast of California allowance prices, NW Natural used four additional
scenarios of future carbon prices to represent uncertainty regarding future carbon policy. These include:
no incremental cost of carbon resulting from state policy, the Council’s forecast of the British Columbia
carbon tax, and two versions of the Social Cost of Carbon. These last two scenarios involve the July 2015
revised estimates from the federal Interagency Working Group on Social Cost of Carbon (IWG),™* which
are associated with a 3 percent annual discount rate and with a 2.5 percent annual discount rate.

NW Natural views the second social cost of carbon as a reasonable “bookend” at the high end of a
meaningful range of carbon prices considered by the Company.

The carbon modeling team uses somewhat different approaches for each state since Oregon and
Washington have different trajectories on carbon regulation. Washington’s carbon price is implemented
in 2017 and uses contemporaneous forecast levels while Oregon’s carbon price is implemented in 2021
because it assumes policy adoption in 2017 and a five-year implementation period, so it has a
corresponding five-year lag from the contemporaneous forecast levels.

As an example of the forecast timing differences, the Base Case Washington carbon price in 2025
reflects the NWPCC's forecasted 2025 price, while the Base Case Oregon carbon price in 2025 reflects
the Council’s forecasted 2020 price. The primary result is that Oregon’s carbon price in any given year
over the period 2021-2035 is somewhat lower than Washington’s carbon price.

Figures 4.6 and 4.7 show the Base Case and alternative carbon price scenarios* for Oregon and
Washington, respectively. Each figure shows the various carbon prices in dollars per therm of natural gas
on the left axis and dollars per metric ton of CO, equivalent (MTCO,e) on the right axis.

See the discussion in chapter 2.

10 see chapter 5 for discussion regarding the components of NW Natural’s avoided cost. See also chapter 6 for

discussion of demand-side resources.

' See https://www.whitehouse.gov/sites/default/files/omb/inforeg/scc-tsd-final-july-2015.pdf (accessed May 4,

2016).

The SCC Medium carbon price in figures 4.6 and 4.7 represents the IWG’s social cost of carbon estimated using
a 3 percent annual discount rate while the SCC High represents the IWG’'s social cost of carbon estimated
using a 2.5 percent annual discount rate.

12
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Figure 4.6: Oregon Incremental State Carbon Policy Carbon Price Adders
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Figure 4.7: Washington Incremental State Carbon Policy Carbon Price Adders
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4. CURRENT COMPANY EFFORTS TO ADDRESS GREENHOUSE GAS EMISSIONS

As stated above, NW Natural takes the issue of climate change seriously, is working to limit emissions
from our own operations and is partnering with our customers to limit the impacts of their use of
natural gas. To the extent possible we want to deploy natural gas in a manner and for end uses that help
drive down overall emissions.

Part of this work, of course, is to ensure that our customers use our product as efficiently as possible
and we do this both through low-income energy-efficiency programs administered by the Company and
through our successful partnership with Energy Trust in both Oregon and Washington to promote and
implement a broad set of energy efficiency programs. The details of our energy efficiency work are
handled separately in chapter 6.

Though as described above, there are no specific requirements on the Company to reduce GHG
emissions, the Company is hard at work to do so in a low-cost manner as this is what NW Natural
believes is in the best interest of its customers and society as whole. This section outlines both the
efforts in which we are currently engaged as well as potential efforts under consideration. Besides
emissions associated directly with our operations, this section also considers efforts underway both with
our customers and possible ways to engage upstream of our business to reduce GHG emissions.

4.1. Customer Program: Smart Energy

NW Natural works hard with our customers to reduce their GHG impacts, as well as their bills, through
the efficient use of our product. NW Natural was a pioneer among utilities in decoupling rates from
usage; in so doing, the Company now is a strong advocate for customer conservation.

Recognizing some of our customers wanted to do more to reduce their carbon footprint, in 2007 NW
Natural began offering the Smart Energy program. Under the tag line, “Use Less, Offset the Rest,” the
program allows customers to reduce their usage as much as possible and then to voluntarily offset the
GHG emissions associated with the rest of their gas use. (Smart Energy was made available to
Washington customers in 2010.)

Customers can either sign up under a fixed rate program for $5.50/per month, based on average usage,
or can sign up to offset 100 percent of their emissions based on their actual use. As of today, we have
over 33,000 customers enrolled in Smart Energy.

Under the program we partner with The Climate Trust to purchase high-quality offsets, with a focus on
dairy digesters located in the Pacific Northwest. The program has funded over 540,000 short tons of
CO2, equal to the annual emissions of about 103,500 passenger vehicles.

To date, the program has invested in ten projects — five in Oregon, three in Washington, one in Idaho

and one in northern California. Nine of these projects capture methane from cow manure and turn it
into biogas on dairy farms. The tenth uses wastewater from a potato processing plant to create biogas.
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4.2. Voluntary Methane Reductions

Fugitive methane emissions reported to EPA, as described above, are based on emissions factors that
are estimates from the EPA based on modeled averages. The Company’s pipeline work — with the
support and foresight of our state regulators — has resulted in the Company fully completing work in
2015 to change out our older pipe. The result of this work is that NW Natural is among the tightest
distribution companies in the country.™

As the graph below shows, our pipeline integrity work supported the removal of all known cast iron by
2000 and the last known bare steel being removed in 2015. The graph also shows the dramatic
reduction in pipeline leaks per year (see figure 4.8).

Figure 4.8: Leak Reduction Over Time and the Change Out of Cast Iron and Bare Steel Pipe
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Our work to change out older pipe was motivated by the safety benefits of doing so, but has the
additional important benefit of driving related methane reductions. While the Company is among the
very first LDCs to be fully free of cast iron and bare steel, newer systems in the west have much less of
this older style pipe. As figure 4.9 shows, the newer systems in the West produce relatively little of the
nation’s emissions from cast iron pipe and unprotected steel pipe, with the large majority of these

B AnSNL Energy analysis of 2012 Office of Pipeline Safety data ranks utilities by their leak levels and suggests

NW Natural is the tightest LDC in the country (Tuesday, March 25, 2014 Northeast LDCs, led by Con Edison,
rank highest in leaks per mile of pipeline). The WSU study described in more detail in the following text did not
include all LDCs but is consistent with the view that the Company is among the tightest of the LDCs.
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emissions coming from older systems in the Northeast region of the United States.* This map is
instructive because it shows using national averages for leakage rates may not be particularly accurate
and may result in over-estimating emissions associated with gas utilities in the West.

Figure 4.9: Regional differences in the sources of methane emissions

While research continues on methane emissions from the natural gas sector, one of the most complete
efforts to understand the full methane emissions from the natural gas value chain (“from gas well to
burner tip”) is a 16-part independent study conducted by the Environmental Defense Fund (EDF) along
with various academic institutions.™

NW Natural volunteered along with other LDCs to be part of one of these EDF studies as it analyzed
emissions from the distribution sector. The LDC study was conducted at 13 companies by Washington
State University and was published in Environmental Science and Technology (March, 2015). The study

% published in: Brian K. Lamb; Steven L. Edburg; Thomas W. Ferrara; Touché Howard; Matthew R. Harrison;
Charles E. Kolb; Amy Townsend-Small; Wesley Dyck; Antonio Possolo; James R. Whetstone; Environ. Sci.
Technol. 2015, Copyright © 2015 American Chemical Society.

B The 16-part study that is independent and rigorously executed is described in more detail on the

Environmental Defense Fund site at https://www.edf.org/climate/methane-studies .

4.16


https://www.edf.org/climate/methane-studies

NW Natural 2016 Integrated Resource Plan
Chapter 4
Energy Policies and Environmental Considerations

used actual field measurements and found EPA’s emission factors significantly overestimate actual
leakage rates. Titled Direct Measurements Show Decreasing Methane Emissions from Natural Gas Local
Distribution Systems in the United States, the report develops updated emissions factors for different
types of pipeline. It then assigns the WSU emissions factors to NW Natural based on mileage of different
kinds of pipeline, and then compares them to the results from the Gas Research Institute (GRI)/EPA
1992 emission factors. It is expected that these new and improved data on distribution emissions will be
incorporated in changes to the EPA’s Subpart W reporting program.

Pipeline replacement is the number one strategy for reducing emissions from the LDC system; since the
Company has completed this work, we continue to look for additional efforts to further reduce fugitive
methane emissions. As part of this continuing work, the Company joined the U.S. EPA Natural Gas Star
Methane Challenge in March 2016 as a founding member. Under the Methane Challenge, companies in
the natural gas industry adopt best practices that reduce methane emissions by sector. U.S. EPA
identified key sector specific best practices that have been demonstrated to reduce emissions.

To continue to reduce methane emissions under the challenge, NW Natural will integrate emission
reducing best practices associated with pipeline blowdowns. A pipeline blowdown is the evacuation of
natural gas from a portion of the system as part of pipeline maintenance, repair or construction. The
Company will be including three EPA-identified best practices into pipeline evacuation procedures
including system pressure draw down, hot tapping and, when appropriate, the use of a portable flaring
unit to combust the released natural gas. NW Natural will be implementing these best practices and
reporting on their methane emission reduction outcomes to the EPA annually in conjunction with our
current reporting process (under Subpart W).

4.3. Upstream Methane Reductions

As illustrated above in figure 4.3, about 80 percent of methane emissions from the natural gas sector
occur upstream of distribution systems based on national figures. For NW Natural this percentage may
be even greater given the work we have done and continue to do to tighten our system. For this reason
the Company believes it is prudent and responsible to explore options for the Company to drive
upstream emissions reductions if and where possible.

Substantial updates, released in April of 2016, to the EPA’s estimates of methane emissions in the
Inventory of U.S. Greenhouse Gases and Sinks: 1990-2014, confirm the benefit of addressing emissions
upstream. The Inventory revealed that natural gas distribution systems have a small emissions footprint
shaped by a declining trend. Annual emissions from these systems declined 74 percent from 1990 to
2014 even with 30 percent growth in the number of customers served. Conversely, the Natural Gas
Production segment had significantly higher emissions than previously estimated. Estimates for field
production increased 136 percent due to the use of newly available data. EPA expanded its universe of
gathering stations, which were not included in prior inventories.
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Figure 4.10: Inventory of GHG Emissions Updated Measures

Natural gas extraction practices present a range of environmental risks to air, water, land and
communities. While current technologies and practices can reduce or eliminate these risks, they have
not been uniformly adopted by producers or regulators. In addition, gas may be handled by multiple
marketers while passing from wellhead to burner tip. As such, utilities cannot currently make
substantive claims about gas origins, let alone production processes in place.

While state or federal requirements for new practices in gas production likely will reduce methane
emissions over time, these are largely out of the Company’s control. Regulation of existing wells is less
stringent but is beginning to receiving some additional scrutiny.'® The Company believes a practice of
certifying gas based on its production practices could provide an avenue to drive best management
practices more generally and quite specifically would reduce methane emissions upstream of our
business.

In response, NW Natural has worked with the Natural Resources Defense Council (NRDC) to establish a
Natural Gas Certification Program to explore how NW Natural as a gas buyer might influence upstream
production practices. This set of achievable performance standards developed by NRDC addresses those
areas of greatest concern by applying the most effective approach from existing regulations and current
industry practices. Gas produced according to these criteria could potentially be certified as “responsibly

' U.S.EPA recently released an Information Collection Request (ICR) that will require companies to provide

extensive information on existing oil and gas sources. This data gathering step may be an early step towards
future regulation of some kind.
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produced” by the NRDC framework. The framework would apply to Rocky Mountain producers, the vast
majority of which come from Colorado, Wyoming and New Mexico. Currently these producers provide a
significant portion of gas to West Coast consumers, including about one-third of NW Natural’s gas

supply.

Excellent work has been developed that sets out specific performance standards for certification in the
areas of well construction, water testing and monitoring, wastewater management and others."” To
date NRDC has not yet been successful in moving the idea forward with producers. It is challenging in
today’s low gas price environment to attract producers to a comprehensive voluntary standard that will
increase production costs.

4.4. Potential Upstream Methane Reduction Pilot

The Company is exploring a possible effort to “pilot” the idea of driving reductions in methane emissions
that occur upstream of Company operations. This effort would draw best management practices in the
area of upstream methane reductions from NRDC’s work on certification standards. While a broader set
of certification standards that would address other impacts of production would be useful, the Company
may more easily be able to drive methane reductions through a methane pilot because a proxy value for
GHG emissions is specifically set within this IRP.

As described in the previous sections of this chapter, the Company has had an aggressive program to
reduce methane emissions from our system; the best opportunities for further reductions are upstream
of our business.

NRDC identified six practices that producers could readily adopt to drive down methane emissions
associated with production, specifically in the Rocky Mountain region. These production practices
include the following six actions:

Pneumatic Controllers (Continuous Bleed);

Pneumatic Controllers (Intermittent Bleed);

Liquid Unloading

Fugitives (Wellhead, Meters & Piping, Separators, Tanks);
e Pumps (Kimray and Pneumatic); and

e Tank Emissions.

Based on an initial analysis by ICF International, the application of these six techniques can reduce
methane emissions from an uncontrolled well by an average of 78 percent. Their analysis of “higher
emitting wells” shows an even greater potential reduction.*®

This early analysis is instructive in showing there are substantial opportunities to deliver upstream
reductions within the natural gas value chain. These estimates are based on reductions from an
“uncontrolled well” and thus further analysis is required to understand the actual reduction potential

7" NRDC Natural Gas Certification Program, Performance Standards Statement of Reasons, v. 1.0. Sept. 30, 2015,

p. 3.

¥ |CF International Memorandum, Gas Wells Emissions in the Rocky Mountain Region, June 21, 2016.

4.19



NW Natural 2016 Integrated Resource Plan
Chapter 4
Energy Policies and Environmental Considerations

based on the current practices at production wells. These actual methane emissions are reported to US
EPA and will vary by state and by the vintage of the well.

The Company is engaged with ICF to more fully understand the current baseline for upstream emissions
and the potential for reducing methane using these six promising upstream strategies identified by
NRDC.

Pilot methane reductions based on IRP values

NW Natural has begun the early design of a pilot to reduce upstream methane reduction and has had
early discussion with the technical advisory group regarding the pilot.*® The Company would like the
Commission to consider acknowledgement of the following action item in this IRP:

Investigate the viability of developing a pilot project to reduce upstream emissions of methane
and, if viable, NW Natural will bring this pilot forward for Commission review and approval. The
pilot design would test whether reductions can be achieved at a level consistent with the Base
Case carbon values incorporated into the IRP and the range of costs for a larger scale effort. If it
is determined that the cost to move the market exceeds the carbon values in the IRP, the
Company may alternatively consider advancing the work as a project proposal under SB 844.

The Company believes that if these upstream reductions can be show to be cost-effective — more
specifically, that they can be implemented at our below NWN’s carbon based case — that the program
should appropriately be included as a pilot within the IRP. This follows closely the rationale for energy
efficiency, where the Company includes all cost-effective efficiency within the IRP. On the supply side,
the logic is similar that we should pursue actions that are shown to be cost-effective based on the
assumptions in our IRP.

There is an excellent foundation of analysis for the development of this pilot effort both in the work
NRDC has commissioned for the development of their certification standard and in the follow up work
by ICF.? The action item, as proposed, states that the Company will further refine this work before
approaching the Commission with a possible pilot proposal.

The upstream methane pilot would be designed to help answer these two fundamental questions:

1. Can we construct a methane certification program that we feel has the intended impact of
reducing methane emissions?

2. How much do we need to pay per tonne of carbon dioxide equivalent (CO,e) to obtain these
emissions reductions?

The Company has not yet analyzed all the necessary data to accurately design this pilot project. To do
so, the Company will need to estimate the likely methane emissions associated with current practices in

¥ The concept of a pilot in this area was discussed with the Technical Advisory group at our meeting on June 22,

2016.

2 see “Developing Certification Standards for Rocky Mountain Natural Gas Producers,” ICF International

prepared for Natural Resources Defense Council, May 29, 2015.
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the Rockies and compare these methane emissions to gas produced using the voluntary practices set
out within the certification standard. Based on this methane benefit, the Company could determine the
approximate benefit of purchasing a volume of gas produced using these methane specifications.

It may be possible to use the Base Case carbon pricing proposed in the IRP to allow for the purchase of
gas certified to the “methane standard” at a modest premium. If we find this more straightforward “IRP
approach” is not adequate to provide an incentive for gas producers, the Company may need additional
flexibility, such as that afforded under SB 844, to implement this upstream methane reduction effort.

5. RENEWABLE NATURAL GAS (RNG)

As mentioned in chapter 3, Renewable Natural Gas (RNG) also referred to as biomethane, is methane
(CH,) captured from the decomposition of biomass, most often produced through anaerobic
biodigestion, that has been cleaned and conditioned to pipeline quality specifications. Sources of
feedstock for the production of RNG include agricultural waste, landfill, food production waste and
Waste Water Treatment slurry.

These waste streams are gathered and then, through the use of anaerobic digestion facilities, methane
is produced that can be used as a fuel source. In many cases the methane produced from these feed
stocks would have been released into the atmosphere during natural decomposition.

RNG can be used in any application that currently uses conventional natural gas. However, due to the
cost of cleaning and conditioning RNG to pipeline quality, the price per therm produced greatly exceeds
that of conventional natural gas. The greatest environmental benefit from the use of RNG is achieved
through the use of compressed RNG as a vehicle fuel displacing more carbon intensive fuels like diesel or
gasoline. RNG is currently in high demand as an environmentally preferred fuel alternative in the
California market where it is primarily being used in vehicles.”*

The carbon benefits of using RNG and displacing diesel or gasoline are significant. While moving a heavy
duty truck from diesel to Compressed Natural Gas (CNG) drops emissions by about 23 percent, moving
that same truck to RNG (from a waste water treatment plant) drops emissions by roughly 92 percent. *

In the near term, RNG is more likely to be used in vehicles because of the policy incentives that direct it
towards transportation. California’s Low-Carbon Fuel Standard (LCFS), as well as the federal Renewable
Fuel Standard program (through RIN credits) both provide financial incentives for the purchase of RNG
for use as a transportation fuel. For refueling in Oregon, the RIN still applies and the state has a nascent
Clean Fuel Standard (CFS) that is expected to mimic over time the more mature California LCFS program.

Despite these significant environmental and financial wins, the lack of a developed CNG vehicle
infrastructure in Oregon and the costs to fleet operators to purchase or convert vehicles are two

2 According to the Renewable Fuel Association, RNG makes up approximately 60 percent of all natural gas used

in vehicles in California.

2 Oregon Department of Environmental Quality fuel look up tables accessed 2016

http://www.deq.state.or.us/aq/CleanFuel/docs/PathwayCodes.pdf.
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significant impediments to the development of a transportation fuel market for compressed RNG in
Oregon.

Though there are a variety of waste streams that can produce RNG, it appears that waste water
treatment facilities may be an ideal first source. Municipal waste water facilities have biodigestion
facilities built and operating, and have sophisticated mechanical knowledge on staff. Additionally,
municipal facilities have the benefit of a utility structure and higher comfort with longer payback periods
associated with the capital investment in cleanup equipment.

While NW Natural does not have any RNG currently injected into our system, we have had interest over
the last several years from several customers. The Company currently has an existing tariff (Schedule T —
Customer-Owned Natural Gas Transportation Service) that allows the introduction of RNG onto our
system for sale within the system. This tariff would need to be modified in order to accommodate RNG
to pass through our system to out-of-state markets.
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1. OVERVIEW

Chapter 5 details the methodology used to
calculate NW Natural’s avoided costs and
how it has evolved with a focus on better
accounting for how energy savings on peak
help avoid or delay investments in capacity
resources. The results of the avoided costs
calculations, which are a key input into the
demand-side management energy savings
forecast detailed in chapter 6, are also
presented.

As part of the IRP process, NW Natural
calculates a 20-year forecast of avoided
costs. Avoided cost is an estimate of the cost
to serve the next unit of demand with
supply-side resources. This incremental cost
to serve represents the cost that could be
avoided if that unit of gas was not
demanded, with the most typical reason it is
not demanded is because of demand-side
management (DSM) energy savings through
energy efficiency (EE) or energy
conservation.

Therefore, the avoided cost forecast can be
used as a guideline for comparing the cost of
acquiring and transporting natural gas to
meet demand with other options so that the
manner that is expected to be the most cost-
effective to meet customer needs is
implemented. Practically, the avoided cost
forecast is a key component of the cost-
effectiveness test that is conducted by
Energy Trust of Oregon (Energy Trust) to
determine the DSM savings projection
detailed in chapter 6.

The methodology used by NW Natural to
calculate its avoided cost forecast has seen
substantial improvements since the 2014
IRP. Furthermore, NW Natural is working
with Energy Trust in order to make additional
improvements to the avoided cost
calculation methodology implementable
within the broader IRP process for the 2018
IRP.

r KEY FINDINGS \

Key findings in this chapter include the following:

NW Natural has made substantial improvements to the
avoided cost methodology from the 2014 IRP in a
planned transition to a further refined methodology for
the 2018 IRP that will evaluate demand-side and
supply-side resources on equal footing in the same
integrated resource choice process and make avoided
costs an output of the resource planning process.

NW Natural calculated separate avoided costs for
residential space heating usage, commercial space
heating usage, base load usage (primarily water heating
and cooking), and interruptible usage in this IRP rather
than one avoided cost figure for all end uses to better
account for the difference in savings on peak which
result in avoided costs varying widely by end use.

The incremental state carbon policy adders discussed in
chapter 4 and the hedge value of DSM are also
incorporated in the avoided costs for the first time in
this IRP, where, all else equal the Base Case state
carbon adder represents a significant increase to
avoided costs where the increase from the hedge value
of DSM is much less significant.

The results of the changes to the avoided cost
calculation methodology If the 2014 IRP methodology
were used in this IRP avoided costs would have been
down 23 percent in levelized terms, but the changes
relative to capacity costs, state carbon policy, and
natural gas price risk reduction (hedge value) avoided
costs are up 30 percent for space heating measures,
down 1 percent for base load measures, and down 6
percent for interruptible measures in Oregon and up 50
percent for space heating measures, up 9 percent for
base load measures, and up 2 percent for interruptible
measures for Washington.

Avoided costs scenarios corresponding with the state
carbon policy adder scenarios show that avoided costs
vary drastically by carbon policy adder, using Oregon
residential space heat measures as an example
levelized avoided costs with the Base Case carbon
adder are 13-percent higher than they would be
without an incremental adder and avoided costs under

the most extreme carbon policy scenario adder are 62-
percent higher than they are with the Base Case adder.
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While the benefits of having Energy Trust administer NW Natural’s DSM programs far outweigh its
complications, the goal of fully integrating demand- and supply-side resource options into the resource
planning process’ is difficult for numerous reasons including:

e There are implementation difficulties with using the SENDOUT® model, which is the
optimization model NW Natural and the other LDCs in the regions use for resource choice, to
incorporate demand-side resources in the same process as supply-side resources;

e Energy Trust works with multiple gas LDCs that each have their own avoided costs, but runs
statewide programs to provide all the customers it serves the same level of services and take
advantage of economies of scale;

e The process NW Natural and Energy Trust have used to construct the DSM savings projection
since Energy Trust began administering the Company’s DSM programs in 2002 has been an
independent process that is used as an input to supply-side resource choice through netting
expected DSM savings out of the load forecast rather than a fully integrated process; and

e The improvements made by NW Natural in more accurately calculating avoided costs—
particularly in regards to the capacity costs avoided with peak savings—are not fully compatible
with Energy Trust’s current operations of projecting and reporting DSM savings only in total
annual savings or with DSM program implementation which sets total annual savings goals.

NW Natural and Energy Trust will continue to collaborate to make further improvements in this area for
the next IRP and onwards.

Figure 5.1 details the key changes in how avoided costs and demand-side management (DSM) energy
savings were/are/will be integrated into the broader IRP process in the 2014 IRP/2016 IRP/2018 IRP.
Note that the cost-effectiveness test and DSM savings projection completed by Energy Trust shown in
teal in figure 5.1 are discussed in detail in chapter 6. In the 2014 IRP, the demand-side resource choice
process was independent of the supply-side resource process where the DSM savings projection was
completed first then netted out of the pre-DSM load forecast to determine the projected resource
deficiency to be met with supply-side resources.

For the 2016 IRP, this process is still mostly intact, but capacity costs that can be avoided with energy
conservation are more accurately incorporated, complicating the general process of obtaining the DSM
savings projection. This complexity arises because in the current process the DSM savings projection is
made before supply-side resource choice modeling so assumptions about what supply-side capacity
resources will be chosen from the resource choice optimization need to be made before the process has
begun in order to complete the cost-effectiveness test and complete the IRP process.

The tentative improvement planned for the 2018 IRP is to use the same resource choice process and
optimization model to choose among all resource options—both demand- and supply-side—to meet
load. In this case, avoided costs would become an output of an integrated resource choice optimization
rather than an input into the supply-side resource choice optimization and the process would be “fully-
integrated.”

1 OPUC Order No. 94-590 states “Avoided cost calculations should be based on the marginal costs of a fully-
integrated resource stack, which includes both supply- and demand-side resources.”
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Figure 5.1: Demand-Side Management (DSM) Process Improvement by IRP
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2. AVOIDED COST METHODOLOGY

While a detailed description of each is found below, table 5.1 summarizes the components of avoided
costs included in the 2016 IRP and details which components change through time, which ones vary
across end uses, which ones differ between Oregon and Washington, and which ones are in energy
terms ($/unit of gas) that can be applied directly vs. which ones are in capacity terms (typically
expressed as $/Dth of Daily Capacity/Day) that need to be converted into the energy terms in which
avoided costs are typically reported.

Table 5.1: Components of Avoided Costs for Demand-Side Management

Same
Cost to be State Same in all | for all
Catego Units Explanation
e Avoided Specific? Years? end 8
uses?
Includes the forecasted price of gas inclusive of
Gas and expected carbon policy expected with a fair degree
Transport 5/Dth No No Yes of certainty (see Chapter 2 for more details), gas
Cost . .
Errmaii osts storage carr\,rln.g costs for |n.ue.ntor\,r, and upstream
variable transmission costs
Hedge Cost of removing long-term price risk by fixing the
Value of $/Dth No No Yes price of gas and accounting for counterparty risk-
DSM See Appendix 8 for more detail
Incremental No, except
Poli for "Nop The expected impact of recently proposed and less
Carbon Add(:,; $/Dth Yes Carbon” Yes | certain state greenhouse gas (or "carbon") policies
. . on natural gas usage- see Chapter 4 for more details
Scenarios Scenario
S/Dth of Cost of securing additional gas supply capacity
dail resources (which are discussed in detail in Chapter
Supply ) . MNo No No . ( . P
withdrawal 3) in order to serve peak day demand according to
rights/Day the expected supply resource acquisition
Delivera!::ility Cost of improvements/additions to the
Capacity $/Dth of distribution/deliverability system needed to provide
Distribution| daily Yes No ir_l WA, No g-as service to customers- ?as?d o.n the Iong—r.un
withdrawal Yes in OR incremental cost of the distribution system in
rights/Day Oregon and long-term plan of distribution system
improvements in Clark County for Washington
Yes, because Unquantified environmental benefits adder
. other recommended by the Northwest Power and
Conservation . . . .
Credit 10% Adder $/Dth portions of No No |Conservation Council (NWPCC) applied to all but the
avoided hedge value of DSM and the Incremental Policy
costs differ Adder Scenarios
Total Summation $/Dth Yes No No The incremental cost r.eqmred to ?erve 0one more
of All Above Dekatherm of gas with supply-side resources

2.1. Avoided Cost Components Remaining from the 2014 IRP:

Gas and Transport Costs: The primary component of avoided costs remains the cost of the natural gas

commodity itself, which is the gas price forecast detailed in chapter 2 that includes the expected impact
of federal, regional, and state greenhouse gas (“carbon”) policies expected with a reasonable degree of
certainty (the most prominent examples being the expected impact of the Clean Power Plan and already
ratified state renewable portfolio standards (RPSs) on natural gas prices). In addition to the gas price
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forecast the relatively minor costs of storage inventory carrying costs and variable transmission costs
(which comes from SENDOUT® modeling as in previous IRPs) are also included in the gas and transport
cost portion of avoided costs.

Ten Percent Conservation Credit: This component and the gas and transport costs are the only
components of the avoided costs figure that are the same as the 2014 IRP. Note, however, that the
conservation credit is applied to all but the hedge value of DSM and the incremental carbon policy
scenario adders so that the new components in this IRP impact how the credit is applied. Consequently,
since a number of the components of avoided costs vary by state, year and end use, even though the 10
percent conservation credit is applied to consistently it results in a different number across these factors
(for example 10 percent of 10 and 10 percent of 20 are not the same number even though the 10
percent share is applied to both numbers consistently).

2.2. Avoided Cost Components New to the 2016 IRP:

Hedge value of DSM: While the “cost to achieve natural gas price certainty” is a more accurate
representation of this component of avoided costs, the name has been kept for convention and
recognition from the Oregon PUC process that led to its inclusion.” Natural gas prices are volatile and
uncertain, particularly when analyzing long-term price forecasts as is necessary to (1) forecast costs in
IRPs and (2) evaluate the cost-effectiveness of DSM measures that tend to provide savings for multiple
years and sometimes indefinitely. If price hedging is not used to remove or mitigate this price volatility
and uncertainty customers are exposed to changes in the trend of prices in the long-term and price
fluctuations around the long-term trend in the short term. DSM savings are a type of long-term hedge,
where if the actual energy savings that are going to be acquired and the costs to obtain those savings
are known with certainty, acquiring demand-side savings removes the price risk associated with
unhedged supply resources that would be necessary if energy savings were not acquired.

The hedge value of DSM, which is explored in more detail in appendix 5, represents the risk premium
gas purchasers need to pay (i.e., the cost to fix the price) to obtain a long-term fixed price financial
hedge at the time of the IRP analysis.’ Practically, when the hedge value of DSM is added to the gas and
transport costs it represents the fixed price of gas that could be obtained through financial hedging
instruments and replaces the spot price forecast as the price of gas for evaluating demand-side
resources. The same hedge value is applied in both states and to all end uses, and as can be seen in the
figures that follow, the hedge value of DSM is the least significant component of avoided costs.

Incremental State Carbon Policy Adder Scenarios: As is detailed more in chapter 4, incremental state
carbon policy adders were deemed appropriate in this IRP due to recent momentum around state
carbon policy proposals in Oregon and Washington that has prompted NW Natural to conclude that
state carbon policy in some form is likely over the IRP planning horizon and therefore should be
modeled explicitly and different from the carbon policy impacts assumed in the gas price forecast
provided by the Company’s third-party consultant. The incremental state carbon policy adder scenarios
detailed in chapter 4 represent the wide range of impact these prospective greenhouse gas (“carbon”)
policies could have on natural gas users are included in the avoided cost figure in this IRP. Since there

See OPUC docket No. UM 1622.
Inclusive of the costs of assessing and managing counterparty risk of financial hedging.
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are five incremental carbon policy scenarios, five avoided costs scenarios are provided, with the Base
Case incremental state carbon policy adder included in the avoided costs that were used in the cost-
effectiveness test that determined the DSM savings projection detailed in chapter 6. The Base Case
carbon policy adder is a significant addition to the avoided costs figure and varies between Oregon and
Washington since the proposed carbon policies are different in each state. Note that while state policy
specific carbon policy adders are new to avoided costs in the 2016 IRP, the expected costs to natural gas
customers of complying with carbon policy were included in avoided costs in previous IRPs and this has
not changed.

Supply Capacity Costs: The most significant improvement to the avoided cost determination in this IRP
relative to previous IRPs is the more accurate incorporation of capacity costs that can be avoided with
energy savings during peak times. Capacity costs are broken down into two components—supply and
distribution-—capacity costs. Supply resources are capacity resources the Company uses to get gas onto
its system of pipelines and is primarily interstate pipeline capacity and storage resources while
distribution resources are the assets, primarily smaller pipelines, on NW Natural’s system that distribute
the gas that arrives at NW Natural’s system via its supply resources to customers as it is demanded.
Note supply resources are kept on a NW Natural portfolio basis and serve both states so supply capacity
costs avoided per unit of gas are the same in both states but distribution assets are separate in Oregon
and Washington so distribution capacity costs avoided differ by state based upon the expected costs of
the distribution system in that state. Supply capacity costs are discussed in this section while distribution
capacity costs are detailed in the next section.

As is detailed in chapters 2, 3, 8, and 9, projected planning peak day loads drive supply resource
acquisition. If DSM provides savings on a peak day, NW Natural needs to keep less supply resources in its
portfolio to serve its customers. These supply capacity costs are, therefore, avoided with the acquisition
of peak day DSM savings, regardless of the location on NW Natural’s system. However, since avoided
costs are given in energy ($/Dth) rather than capacity ($/Dth of daily withdrawal capacity rights) terms,
these capacity costs need to be converted to energy terms to be incorporated into the cost-
effectiveness test that is used to forecast the DSM savings projection detailed in chapter 6. Therefore,
the share of savings from DSM expected in a normal weather year that would be expected on a planning
peak day needs to be estimated.

This exercise is complicated by the fact that different DSM measures create savings from different end
uses so that different measures have very different impacts relative to peak savings. For example, a
significant share of the energy savings achieved through Energy Trust programs come from large
industrial customers, but most of these customers are interruptible customers that would be
interrupted on a peak day. Therefore, savings acquired for interruptible customers avoid virtually no
supply capacity costs. Furthermore, the two end uses that represent a majority of NW Natural’s load—
space heating and water heating—have very different impacts on peak day load. Water heating that is
not for space heating purposes can be thought of as “base load” since it is nearly constant in each day of
the year. Consequently, the savings from a water heating measure on a peak day are roughly 1/365" of
the expected annual savings. However, measures that reduce gas consumption from space heating have
the largest relative share of savings that would be expected on a peak day by a large margin since space
heating load is directly related to weather.
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Figure 5.2 shows the daily use pattern of the average NW Natural residential customer as a function of
temperature® and the relative share of planning peak day load that is space heating load and base load.
In conjunction with average annual usage under normal weather this information can be used to
determine the share of annual space heating load that occurs on a planning peak day and the share of
annual base load that occurs on a planning peak day. Assuming that DSM measures have a
proportionate impact on both base load and space heating load means one can assume how much of
the expected total annual savings from DSM would be expected on a planning peak day, and therefore
the level of supply capacity costs avoided per unit of savings from energy efficiency and conservation.
Figure 5.3 shows the same information for the average NW Natural commercial customer.

In this IRP NW Natural computed expected capacity avoided costs for four end uses: (1) residential space
heating, (2) commercial space heating, (3) base load, and (4) interruptible.’ While roughly 2 percent of
the annual savings for a space heating measure during a normal weather year would be expected on a
planning peak day, less than 0.3 percent of normal weather load from base load measures would be
expected on a planning peak day, and zero percent savings that come from interruptible customers are
expected on a planning peak day as interruptible customers are provided a discount on their rate so that
they can be interrupted under extreme conditions, like those on a planning peak day.

Given the longstanding process of coordination between NW Natural and Energy Trust where the DSM
savings projection is completed before the supply resource optimization, the incremental supply
resources that would be saved for each year in the planning horizon with DSM needed to be assumed
before the supply resource optimization in order to assign a cost for the supply capacity costs being
avoided. While the assumptions made about what supply resources would be acquired in each year
were not significantly different from the actual supply resource choices detailed in chapter 8, the
process of assuming the outcome of the IRP process at the beginning of the analysis is sub-optimal and
is the primary impetus for the aspiration that both supply- and demand-side resources be chosen in the
same optimization for the next IRP. This is the way that numerous utilities and regional planning
organizations throughout the country (including the Northwest Power and Conservation Council) choose
resources in a fully integrated process.

It is important to incorporate the capacity costs avoided with energy conservation into the DSM cost-
effectiveness process as energy conservation provides real capacity cost savings, but if it is assumed that
each unit of energy savings provides the same level of capacity cost savings, which is the assumption
made if all DSM savings are provided the same value for capacity avoided costs, this understates the
value of savings from space heating measures and overstates the value of savings from base load and
interruptible measures. This would lead to both noncost-effective energy efficiency being acquired
(relative to base load and interruptible measures) and cost-effective space heating energy efficiency not
being acquired.

From a regression analysis of the daily usage of all existing NW Natural residential customers.

Base load includes water heating (not for space heating), cooking, and industrial/commercial processes for Firm
Sales customers. A place for improvement in the next IRP is determining usage profiles for more end uses or
measures.
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Figures 5.2. and 5.3: Peak Day Savings from Base Load and Space Heating
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Per Demand-Side Resources and Environmental Action item 3, NW Natural is working with Energy Trust
on a system that tracks and reports not only total annual savings but peak savings so that the value DSM
provides in delaying/avoiding capacity resource acquisition costs is better understood and considered in
measure cost-effectiveness evaluation and program implementation. Note that the current process
assumes that supply resources are incremental rather than “chunky” resources, or in other words that
they can be sized and acquired at any level and the costs are the same regardless of the capacity chosen
for acquisition and costs are proportional to capacity (for example, if DSM savings on peak represent 10
percent of the savings needed to avoid a project it is assumed in this IRP that 10 percent of the costs of
the resource are avoided through DSM savings) even though this is not typically the case. Additionally,
since NW Natural secures supply resources for its entire service territory rather than by state, supply
capacity costs avoided do not vary by state.

Distribution Capacity Costs: The same process that was completed for supply resource capacity costs
avoided is also completed for distribution capacity costs. However, the costs for distribution system
capacity are different for Oregon and Washington since the distribution assets that serve customers are
distinct for each state. Actually, as is detailed in chapter 6 in the discussion of “Targeted DSM,” NW
Natural maintains numerous independent “systems-within-a-system” in its distribution system in each
state. However, since rates are typically set at the statewide level with costs shared by all customers in
the state, distribution capacity costs avoided with peak savings are provided by state rather than smaller
locations. Per OPUC Order No. 94-590 for Oregon the long-run incremental cost of the distribution
system from the Company’s last general rate case is used as the distribution capacity costs avoided. In
Washington the costs are sourced from the expected costs of the planned distribution system projects
in Clark County® and the long-run incremental cost of the distribution system from NW Natural’s last
general rate case in Oregon. Note the incremental resource assumption used for supply resources
applies to distribution resources as well, meaning distribution system project costs are assumed to be
incremental and proportional to the capacity provided though this is not the case.

3. AVOIDED COSTS RESULTS

3.1. Summary

Table 5.2 and figure 5.4 summarize the breakdown of avoided costs by state and across end uses for
both the 2016 IRP and the 2014 IRP as well as a comparison of what the avoided costs figure would have
been in the 2016 IRP if the methodology from the 2014 IRP were used. Note that in the 2014 IRP all end
uses and both states were evaluated for cost-effectiveness with one stream of avoided costs but in the
2016 IRP eight streams of avoided costs were provided by NW Natural to Energy Trust for the cost-
effectiveness evaluation. The figures are presented in levelized terms to provide a more succinct
summary of the results, though this disguises how the avoided cost figures change through time, which
is an important consideration given different DSM measures have very different expected lives.

® Note that the current assumption is that the entire cost of each of these projects is avoided through DSM peak

savings.
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Table 5.2 and Figure 5.4: Avoided Cost Summary results

20 Year Levelized Avoided Cost Breakdown* (20155/Dth)

Base C
Carbon 35€ Lase Supply | Distribution Total
. Incremental 10% )
Inclusive [Hedge Value Carbon Resource System Conservation Levelized
Gasand Gas| of DSM . Capacity Capacity Avoided
Palicy Adder**
Transport Value Value Costs
Adder
Costs
OR- Residential Space Heat $3.19 $0.07 50.67 51.28 50.28 50.48 55.98
OR- Commercial Space Heat $3.19 $0.07 50.67 51.14 50.25 $0.46 55.80
OR- Base Load $3.19 $0.07 50.67 50.17 50.04 50.34 54.49
OR- Interruptible or Recall 53.19 $0.07 50.67 X X $0.32 54.26
WA- Residential Space Heat $3.19 $0.07 $1.07 51.28 50.81 50.53 $6.95
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WA- Base Load $3.19 $0.07 $1.07 $0.17 $0.11 $0.35 $4.96
WA- Interruptible or Recall $3.19 $0.07 $1.07 X X 50.32 54.66
2016 IRP Values, 2014 $3.19 X X X X $0.32 $3.51
2014 IRP 54.13 X X X X 50.41 54,54
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The summary results in table 5.2 and figure 5.4 provide the following key takeaways:

1.

Given the decline in expected natural gas prices from the 2014 IRP expected gas and transport
costs avoided are down roughly $1/Dth in this IRP relative to the last IRP so that if the same
methodology from the 2014 IRP were used in the 2016 IRP avoided costs would have been
down 23 percent.

The avoided cost components new to this IRP raise the total avoided cost figures substantially,
such that the decline in expected gas prices is outweighed by the inclusion of the new
components of avoided costs for all DSM savings but those that are obtained from Oregon base
load and interruptible uses. Oregon space heating avoided costs are up roughly 30 percent, base
load avoided costs are down 1 percent and interruptible avoided costs down 6 percent from the
2014 IRP. Washington space heating avoided costs are up roughly 50 percent, base load avoided
costs up 9 percent, and interruptible avoided costs up 2 percent from the 2014 IRP.

Avoided costs vary widely by end use, driven by the difference in capacity costs (both supply and
distribution) avoided. In Oregon avoided costs for space heating are roughly 30 percent higher
than base load avoided costs and 40 percent higher than interruptible avoided costs. In
Washington space heating avoided costs are roughly 40 percent higher than base load avoided
costs and roughly 45 percent higher than interruptible avoided costs.

Washington avoided costs are higher than Oregon avoided costs due the differences in the
reference case incremental state carbon policy adder and distribution capacity costs across the
states. Relative to Oregon, Washington avoided costs are more than 15 percent higher for space
heating, 10 percent higher for base load, and 9 percent higher for interruptible.

Including capacity costs and the new expectations about state carbon policy dramatically raise
avoided costs relative to what avoided costs would have been in this IRP if the methodological
changes were not made, while the inclusion of the hedge value of DSM is much less significant.

3.2. Total Avoided Costs Through Time

While total avoided costs are largely up—and are up substantially for space heating—from the 2014 IRP in
levelized terms, how avoided costs vary throughout the planning horizon has important implications for
the cost-effectiveness test and the DSM savings projection presented in chapter 6. In the first years of
the planning horizon, avoided costs for all end uses are down relative to the 2014 IRP, though avoided
costs increase drastically through time in this IRP such that they are substantially higher than the 2014
IRP in the later years of the planning horizon, particularly for space heating measures.
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Figure 5.5 shows avoided costs for Oregon for the different end uses evaluated in the 2016 IRP, the
avoided costs from the 2014 IRP that applied to all end uses and what avoided costs would have been in
this IRP if the same methodology from the 2014 IRP were applied in this IRP. Note that the space heating
avoided costs in the 2016 IRP are roughly double those in the 2014 IRP in the last years of the IRP
planning horizon.

Figure 5.5: Avoided Costs Through Time: 2016 IRP vs 2014 IRP- Oregon Example

Oregon Avoided Costs: 2016 IRP vs 2014 IRP
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Figure 5.6 includes figure 5.5 (it is the top left graph in figure 5.6) and compares shows the results for
both Oregon and Washington. The top two graphs in figure 5.6 use calendar years as the horizontal axis,
while the bottom two graphs show the same information but use years in the 20-year IRP planning
horizon as the horizontal axis where year 1 in the 2014 IRP was 2013-14 and year 1 in the 2016 IRP is
2016-17.

Figure 5.6: Avoided Cost Through Calendar Year Time and Planning Horizon time
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3.3. Avoided Cost Component Breakdown Through Time

In addition to the total avoided costs per end use (by state) through time and the component
breakdown in levelized terms, how the different components vary through time is also important. Figure
5.7 uses Oregon residential space heat as an example to show this variation. Much of the incline in the
later years of the planning horizon is due to supply capacity costs increasing sharply. This is due to the
assumption made about when Mist Recall would be exhausted and North Mist Il would be needed to
meet peak load.” Note that Mist Recall is much cheaper than the other supply capacity options available
(see chapter 3, 8, and 9 for more detail).

Figure 5.7: Avoided Cost Component Breakdown through Time- Oregon Res Space Heat Example

Oregon Residential Space Heat Avoided Cost Breakdown
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Figure 5.8 details the component breakdown through time for the end uses evaluated in this IRP® in
comparison to each other and the 2014 IRP. Again note in the 2014 IRP all end uses were assumed to
have the same avoided costs. The key driver in the difference in avoided costs across end uses is the
difference in savings on peak per unit of overall savings, where space heating measures that provide a
much higher share of their total annual savings during peak times provide much more value in terms of
avoiding/delaying the acquisition of capacity resources.

7 Note that this timing does not align perfectly with the timing shown in the portfolios in chapter 8. This

discrepancy is explained by the fact that the incremental supply capacity resource and its cost by year needed
to be assumed before the supply resource optimization described in chapter 8 in order to obtain the DSM
savings projection detailed in chapter 6, as described earlier in this chapter.

& With the exception of commercial space heating, which has a very similar profile to residential space heating.

5.14



NW Natural 2016 Integrated Resource Plan
Chapter 5
Avoided Costs

Figure 5.8: Avoided Cost Component Breakdown through Time by End Use and State
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3.4. Avoided Cost by Incremental State Carbon Policy Scenario

Table 5.3 and Figure 5.9: Avoided Costs by Incremental State Carbon Policy Scenario

20 Year Levelized Total Avoided Costs By Carbon Scenario (2015$/Dth)
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Incremental

Incremental
Carbon Policy
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Carbon Policy

Incremental
Carbon Policy
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Carbon Policy
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in Northwest Northwest |Cost of Carbon|Cost of Carbon
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OR- Residential Space Heat $5.31 $5.98 $6.39 57.58 $9.69
OR- Commercial Space Heat $5.12 $5.80 $6.20 $7.40 59.51
OR- Base Load $3.82 $4.49 $4.90 $6.09 $8.20
OR- Interruptible or Recall $3.59 $4.26 S4.67 $5.86 57.97
WA- Residential Space Heat $5.88 $6.95 57.38 $9.05 $12.00
WA- Commercial Space Heat 55.64 $6.71 57.14 58.80 5$11.75
WA- Base Load $3.89 $4.96 $5.39 $7.06 $10.01
WA- Interruptible or Recall $3.59 $4.66 55.09 $6.75 $9.70
2016 IRP Values, 2014 Methodology $3.51 $3.51 53.51 $3.51 $3.51
2014 IRP $4.54 $4.54 54.54 $4.54 $4.54
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Greenhouse gas costs are an important component of avoided costs, and therefore the impact of what
the current uncertainty around state carbon legislation may mean for DSM is an important
consideration. As such, the five incremental carbon policy adder scenarios detailed in chapter 4 are
evaluated as avoided cost scenarios. The results of this analysis are presented in table 5.3 and Figure 5.9
on the previous page. Note that there is a substantial increase between no incremental state carbon
policy and the Base Case (between 11 and 23 percent depending on the end use and state), and an even
larger difference between the Base Case and the most extreme case (Adder 4) evaluated in this IRP.

4. KEY FINDINGS AND ACTION ITEMS

e NW Natural has made substantial improvements to the avoided cost methodology from the
2014 IRP in a planned transition to a further refined methodology for the 2018 IRP that will
evaluate demand-side and supply-side resources on equal footing in the same integrated
resource choice process and make avoided costs an output of the resource planning process.

e NW Natural calculated separate avoided costs for residential space heating usage, commercial
space heating usage, base load usage (primarily water heating and cooking), and interruptible
usage in this IRP rather than one avoided cost figure for all end uses to better account for the
difference in savings on peak which result in avoided costs varying widely by end use.

e The incremental state carbon policy adders discussed in chapter 4 and the hedge value of DSM
are also incorporated in the avoided costs for the first time in this IRP, where, all else equal the
Base Case state carbon adder represents a significant increase to avoided costs where the
increase from the hedge value of DSM is much less significant.

e The results of the changes to the avoided cost calculation methodology If the 2014 IRP
methodology were used in this IRP avoided costs would have been down 23 percent in levelized
terms, but the changes relative to capacity costs, state carbon policy, and natural gas price risk
reduction (hedge value) avoided costs are up 30 percent for space heating measures, down 1
percent for base load measures, and down 6 percent for interruptible measures in Oregon and
up 50 percent for space heating measures, up 9 percent for base load measures, and up 2
percent for interruptible measures for Washington.

e Avoided costs scenarios corresponding with the state carbon policy adder scenarios show that
avoided costs vary drastically by carbon policy adder, using Oregon residential space heat
measures as an example levelized avoided costs with the Base Case carbon adder are 13 percent
higher than they would be without an incremental adder and avoided costs under the most
extreme carbon policy scenario adder are 62 percent higher than they are with the Base Case
adder.

Demand-Side Resource and Environmental Action 3:
Work with Energy Trust of Oregon to track peak day savings from DSM programs in addition to the

typical Energy Trust metric of total annual savings to better understand if the capacity costs projected to
be avoided with peak day savings in the DSM savings projection are being saved.
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1. OVERVIEW

NW Natural worked with Energy Trust of Oregon (Energy
Trust) to forecast the 20-year demand-side management
(DSM) potential for the Company’s service territory. Energy
Trust is a nonprofit organization that was initially
established to provide energy-efficiency services and
renewable energy programs to customers of Oregon’s
investor-owned electric utilities. Subsequently, Energy
Trust has grown to serve most of Oregon’s natural gas
customers. As of Oct. 1, 2009, Energy Trust also serves NW
Natural’s Washington customers.

Energy Trust developed a 20-year DSM forecast for the
Company. The forecast of cost-effective therm savings was
generated for the Company’s service territory using Energy
Trust’s DSM resource assessment tool and was then
included in SENDOUT® as a reduction to demand. The
results show that the Company can save 24.3 million
therms in the next five years from 2017 to 2021 and over
87.2 million therms by 2036 in its Oregon service territory*
and 1.4 million therms by 2021 and 6.4 million therms by
2036 in Washington. These results represent a significant
increase in cost-effective DSM potential over the prior IRP
in 2014. The two most significant factors that led to this
increase in potential are the use of a new resource
assessment model by Energy Trust, and new, much more
valuable avoided costs developed by NW Natural.

2. ENERGY TRUST RESOURCE ASSESSMENT
ECONOMIC MODELING TOOL

A significant amount of the calculations involved in
performing the DSM forecast are completed within Energy
Trust’s resource assessment tool, an economic modeling
software. This tool is used to estimate the technical,
achievable and cost-effective achievable potential for
demand-side resources in NW Natural’s service territory
across the residential, commercial, and industrial sectors.
The model takes a bottom-up approach and is built up

_

~

KEY FINDINGS

Key findings in this chapter include the following:

Energy Trust of Oregon used a new resource
assessment tool for this DSM forecast to
estimate the technical, achievable and cost-
effective achievable potential for demand-
side resources. The new model shows a
bigger potential for DSM in this IRP than the
prior IRP, which is largely due to an increase
in avoided costs leading to new measures
and the addition of emerging technology.
NW Natural includes the following action
items associated with the identified therm
savings targets in its action plan:

o Consistent with the methodology in
this chapter, NW Natural will ensure
Energy Trust has sufficient funding to
acquire therm savings of 5.1 million
thermsin 2017 and 5 million therms
in 2018 or the amount identified and
approved by the Energy Trust board.

o Consistent with the methodology in
this chapter, NW Natural will ensure
Energy Trust has sufficient funding to
acquire therm savings of 262,000
therms in 2017 and 270,000 therms in
2018 or the amount agreed to by the
EEAG and approved by the WUTC.

Contingent on Commission acknowledgment
of the idea of a geographically targeted DSM
pilot via accelerated or enhanced offerings
(“Targeted DSM”) to measure and quantify
the potential of demand-side resources as a
capacity resource to address weaknesses in
NW Natural’s distribution system, NW
Natural and Energy Trust of Oregon will file a

detailed pilot project for review.

! Includes over 1 million therms of market transformation savings resulting from code changes driven by Energy

Trust’s New Buildings and New Homes Programes.

6.1




NW Natural 2016 Integrated Resource Plan
Chapter 6
Demand-Side Management

from all the measures available across each sector and installed or delivered in homes and businesses.
All of these measures have gas savings and costs associated with them, and incorporate NW Natural’s
customer and load data, as well as many other inputs to determine how many of what measure could
potentially be installed into a given building through time. The product of all these factors results in the
total 20-year DSM potential available for acquisition to serve NW Natural’s customers and associated
demand.

After completing the DSM forecast for NW Natural’s 2014 IRP, Energy Trust issued an RFP and
subsequently hired Navigant Consulting, Inc. to develop a new resource assessment model, which was
used for this DSM forecast. The model that resulted from this work is different from the previous model
in many significant ways, including the following improvements, which were some of the most
significant made in this new model, and contributed to the changes in energy-efficiency potential
identified during this DSM forecast:

e Refreshed measure assumptions — Navigant reviewed over 530 gas and electric measures across
the residential, commercial and industrial sectors. Of these, 135 (82 residential, 37 commercial,
and 16 industrial) commercially available gas measures were deemed suitable for Energy Trust’s
service territory and characterized for use in the model. For all measures characterized, 33
measure inputs across all three customer segments were estimated using a combination of
Energy Trust primary data review and analysis, regional secondary sources, and engineering
analysis. The bottom-up approach estimates the unit energy savings and costs of each measure
and scales the savings potential using measure densities. Navigant also adjusted cost and
savings profiles for several measures that are subject to codes and standards.

e Added new measures, including a commercial behavioral measure known as Strategic Energy
Management (SEM). SEM contributed a significant amount of potential in this DSM forecast,
including approximately 250,000 therms in 2017. Two other new initiatives in the same pool of
savings potential include retro commissioning and pay for performance.

e Added a new approach to quantifying future savings from emerging technologies: Emerging
Technology is defined as technology that is not commercially available, but in some stage of
development with a reasonable chance of becoming commercially available within a 20-year
timeframe. The new model is capable of quantifying costs, potential, and risks associated with
uncertain, but high-saving emerging technology measures.

e Updated measure saturation rates from third-party research and survey work: The RBSA and
CBSA served as the primary resource for developing residential and commercial measure
densities and saturation factors, which characterize the existing building stock and identify the
number of possible locations for DSM measures to be installed. For instances where data was
not available, Navigant reviewed the existing model and conducted secondary research to
estimate the density and initial saturation. Energy Trust specific data had the highest priority
followed by Oregon and region specific data. Navigant analyzed the industrial measures with a
top-down approach. Savings were represented by a percentage reduction of the total customer
segment consumption based on data obtained through the Industrial Assessment Center
database.

e New method of quantifying incremental savings in end uses with multiple measures of differing
efficiency levels: To account for measures with multiple tiers of efficiency that could compete
for the same installation, Navigant employed a tiered “incremental” approach where savings
and incremental costs of a competing measure were compared with the measure just below it in
ranking, from a total resource cost perspective.
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Figure 6.1 details the methodology Energy Trust employs to build up, update and run the model, and

shape the savings projection, which determines the amount of cost-effective DSM potential that Energy

Trust can deliver to NW Natural over the 20-year IRP period.

3. METHODOLOGY FOR DETERMINING THE COST-EFFECTIVE DSM POTENTIAL

The DSM assessment begins by determining the technical resource potential, which in this context refers
to the complete penetration of all technically feasible cost-effective DSM measures within NW Natural’s

service territory. Figure 6.1 below provides an overview of this initial process followed by a more in-
depth discussion of each step.

Figure 6.1: Energy Trust’s 20-Year DSM Forecast Determination Methodology
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1. Identify all available DSM measures: Energy Trust compiles and loads a list of all commercially
available and emerging technology measures for residential, commercial, industrial and

agricultural applications installed in new or existing structures. Appendix 6 contains tables of the
measures studied for each customer class and a summary of the economic assessment for each.

2. Demographic study: At the same time step 1 above is being completed, Energy Trust is
incorporating data from NW Natural’s demographic study to characterize the existing and
forecasted building stock in NW Natural’s service territory. Using NW Natural’s customer load
forecasts and counts of building stock and customers, Energy Trust applies its knowledge of
existing stock conditions and building codes, compiled from reputable third-party researchers
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and Energy Trust’s internal data, to the Company’s customer forecast. Combining this
knowledge allows Energy Trust to develop an estimate of the number of measures that could be
deployed in the service territory through the 20-year time horizon. The primary sources used to
develop these assumptions include:

a. NEEA’s Residential Building Stock Assessment (RBSA)

b. NEEA’s Commercial Building Stock Assessment (CBSA)

c. Energy Trust Program Data

d. Industrial Assessment Centers Database

e. Assumptions derived from NW Natural customer and load data

3. Technical Potential Determination: The technical potential represents the total number of
therms that could be saved in NW Natural’s service territory when assuming adoption and
installation of all technically feasible measures with energy-efficiency potential. All measures are
assigned a technical suitability factor to account for physical limitations that exist, which prevent
installation. This savings potential does not take into account the various market barriers to a
100 percent adoption rate. These are discussed in the next steps.

4. Achievable Potential Determination: Achievable potential is simply a reduction to the technical
potential by 15 percent, to account for market barriers that prevent total adoption of all cost-
effective measures. Defining the achievable potential as 85 percent of the technical potential is
the generally accepted method employed by many industry experts, including the Northwest
Power and Conservation Council (NWPCC) and National Renewable Energy Lab (NREL).

5. Cost-Effective Potential Determination: Cost-effective potential is determined when Energy Trust
screens all DSM measures using the Total Resource Cost (TRC) test, a benefit-cost ratio (BCR)
that measures the cost-effectiveness of the investment being made in an efficiency measure.
This test evaluates the total present value of benefits attributable to the measure divided by the
total present value of all costs. A TRC test value equal to or greater than one means the value of
benefits is equal to or exceeds the costs of the measure, and is therefore cost-effective and
contributes to the total amount of cost-effective potential. The TRC is expressed formulaically”
as follows:

Where the Present Value of Benefits includes the sum of the following two components:

a. Avoided Costs: The value of gas energy saved over the life of the measure, as
determined by the total therms saved multiplied by the Company’s avoided cost. The
avoided costs include commodity and transport costs, supply and distribution capacity
costs (calculated using an estimate of peak-day savings) plus the 10 percent Regional
Conservation Act Credit, which is meant to provide an economic advantage to energy-
efficiency. In addition to this value, a hedge value of DSM adder and carbon policy adder
are included as well®.

The total avoided cost for a given measure also depends upon that measure’s expected
lifespan (measure life), end use and seasonality of savings. Savings that occur during the
winter season are more valuable than savings that occur during the summer season
because gas commodity prices are higher during the space heating season. Additionally,
measures with end uses that have more peak day savings have a higher capacity cost

2 TRC = Present Value of Benefits / Present Value of Costs.
*See chapter 5 for a discussion of NW Natural’s avoided cost.
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value. The net present-value of these benefits is calculated based on the measure’s
expected lifespan using the company’s discount rate.

b. Nonenergy benefits are also included when present and quantifiable by a reasonable
and practical method (e.g., water savings from low-flow showerheads).

Where the Present Value of Costs includes incentives paid to the participant; and
a. The participant’s remaining out-of-pocket costs for the installed cost of the measures
after incentives, minus state and federal tax credits.

Figure 6.2 shows a graphical representation of the three categories of savings potential Energy Trust
identifies in its DSM potential forecast.

Figure 6.2: Categories of Potential DSM Savings Identified in Energy Trust Forecast

Tables 6.1 and 6.2 summarize the technical, achievable, and cost-effective potential for each customer
class in Oregon and Washington, respectively.

A note on savings: The savings discussed in this chapter, and depicted in all tables and the following
figures showing the 20-year savings projections for both states are shown in ‘gross’ savings. Energy Trust
publicly reports its Oregon savings and goals in ‘net’ savings, which are adjusted for spillover and free
rider effects. Spillover occurs when a person not applying for program incentives reduces his/her energy
use or installs energy-efficient measures because the program has raised his/her awareness of energy-
efficiency. Free ridership refers to a customer’s participating in the program when the program
information or incentive did not influence the customer’s efficiency decision. In Washington, these
adjustments are not made when publically reporting savings, as Washington goals, by Washington
Utilities and Transportation Commission (WUTC) direction, are established in units of “gross” savings,
not adjusted for free riders.
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Table 6.1: Summary of Resource Potential - NW Natural's OR Service Territory 2017-2036

Oregon Technical Potential Achievable Potential Cost-Effective Achievable
(Therms) (Therms) Potential (Therms)

Residential 67,486,647 57,363,650 33,533,453

Commercial 93,094,897 79,130,662 51,225,062

Industrial 20,435,004 17,369,754 17,143,392

Efficiency Total 181,016,548 153,864,066 101,901,907

Table 6.2: Summary of Resource Potential —NW Natural's Washington Service Territory 2017-2036

Washington Technical Potential Achievable Potential Cost-Effective Achievable
(Therms) (Therms) Potential (Therms)

Residential 11,156,110 9,482,693 5,673,378

Commercial 8,485,655 7,212,807 4,872,871

Industrial 628,461 534,192 524,783

Efficiency Total 20,270,227 17,229,693 11,071,032

The final savings projection of 87.2 million therms by 2036 in the Oregon service territory and
6.4 million therms by 2036 in Washington, which is decremented from NW Natural’s load
forecast, contains an additional reduction to the full cost-effective potential shown in tables 6.1
and 6.2. This is due to additional market-related constraints on the ability to capture all market
activity in a given year for measures meant to replace equipment that fails and measures
associated with the construction of new homes and buildings, otherwise known as ‘lost
opportunity’ measures, those which appear in a given year, but if lost, do not reappear again as
potential until their useful life has passed. These savings are depicted in the savings potential
deployment scenarios.

6. Determine the levelized cost for each measure
Once the list of measures was compiled, Energy Trust determined a levelized cost per therm for
each measure. The levelized cost is the present value of the total cost of the measure over its
economic life converted to equal annual payments, per therm of energy savings. The levelized
cost calculation starts with the incremental capital cost of a given measure. The total cost is
amortized over an estimated measure lifetime using the Company’s discount rate for the
jurisdictional state.® The annual measure cost is then divided by the annual energy savings, in
therms. This formula produces the levelized cost estimate in dollars per therm saved, as
illustrated in the following formula:

Annual Cost (S)
Annual Savings (therms)

Levelized Cost =

* The discount rate used for each state is the real after-tax weighted average cost of capital and reflects the 2016

IRP assumption of an average annual rate of inflation over the planning horizon of approximately 1.6 percent.

6.6




NW Natural 2016 Integrated Resource Plan
Chapter 6
Demand-Side Management

Levelized costs can be graphically depicted to demonstrate the total potential therms that could be
saved at various costs for all conservation measures. Figures 6.3 and 6.4 show a resource supply curve
that can be used for comparing demand-side and supply-side resources. The two cost thresholds shown
as vertical dotted lines represent the approximate levelized cost cutoff that corresponds with the
amount of cost-effective DSM potential, as determined by the TRC, when ordering all measures based
on their levelized cost.

Figure 6.3: NW Natural’s Oregon Service Territory 20-Year Gas Supply Curve
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Figure 6.4: NW Natural’s Washington Service Territory 20-Year Gas Supply Curve
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Figures 6.4 and 6.5 show a bigger potential for DSM in this IRP than the prior IRP. This is largely due to
an increase in avoided costs, the additional measures the new avoided cost afforded, and inclusion of
emerging technology present in Energy Trust’s new resource assessment tool. These increases were
moderated by other model refinements, including updated modeling assumptions such as saturation
rates of efficient technologies in existing building stock and more accurate assessments of commercial
square footage.

The tables in appendix 6 depict the 20-year cumulative achievable and cost-effective achievable
potential forecast per measure grouped by sector. The tables also include the weighted average

levelized cost for the savings of each measure.

Figures 6.5 and 6.6 show cumulative forecasted savings potential across the various sectors Energy Trust
serves, as well as the type of potential identified for Oregon and Washington, respectively.
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Figure 6.5: DSM Forecasted Potential in Oregon 2017-2036 by Sector and type of Potential

These Oregon results indicate that for both the Residential and Commercial Sectors approximately half
of the technical potential identified in the model is found to be cost-effective, with the majority of the

DSM potential coming from the commercial sector. For the Industrial Sector, nearly all of the achievable
potential identified is also found to be cost-effective.

Figure 6.6: DSM Forecasted Potential in Washington 2017-2036 by Sector and Type of Potential
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These Washington results indicate that for both the Residential and Commercial Sectors approximately
half of the technical potential identified in the model is found to be cost-effective, with the majority of
the DSM potential coming from the Residential sector. For the Industrial Sector, nearly all of the
achievable potential identified is also found to be cost-effective. Note that while industrial potential was
identified during this study, because NW Natural does not collect the public purpose charge from its
Industrial Customers in Washington, Energy Trust does not serve the industrial sector in NW Natural’s
Washington service territory.

Figures 6.7 and 6.8 show the amount of emerging technology savings within each category of DSM
potential for both the Oregon and Washington portfolios, respectively. In highlighting the contributions
of commercially available and emerging technology DSM contributions, the Oregon graph shows that
while over 40 MM therms of the DSM technical potential consists of emerging technology, once the
cost-effectiveness screen is applied, only a quarter of that remains.

Figure 6.7: Oregon 20-Year Potential by Each Savings Category
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Figure 6.8: Washington 20-Year Potential by Each Savings Category

Similar to the Oregon graph, this Washington graph shows that approximately 5 MM therms of the DSM
technical potential consists of emerging technology. Once the cost-effectiveness screen is applied, only a
quarter of that remains, and with much of it in the out years of the 20-year forecast period.

A list of all emerging technology measures screened in the resource assessment model can be found in
appendix 6.

Figures 6.9 through 6.10 below provide a breakdown of Oregon and Washington’s 20-year cost-effective
DSM savings potential by end use.’ These figures include total cumulative cost-effective potential as
shown in table 6.1 and table 6.2 prior to being reduced by program deployment assumptions.

> End uses with space heating savings potential include behavioral, heating, ventilation, weatherization, and other
(new home construction). End uses with flat savings potential are cooking, other, water heating, process heating,
and HVAC. Due to recent interest in quantifying peak savings, which are most directly related to space heating
during the winter, Energy Trust recognizes the need to revisit the assumptions and categorization of certain
measures in the resource assessment model.
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Figure 6.9: Oregon 20-Year Cumulative Cost-Effective DSM Potential by End Use

The behavioral end use tops the list in Oregon and consists primarily of potential from Energy Trust’s
commercial strategic energy management measure, a service where Energy Trust energy experts
provide training to facilities teams and staff to develop the skills to identify operations and maintenance
changes that make a difference in a building’s energy use. It also includes residential personal energy
reports and smart home automation devices. Heating potential is from commercial and residential
heating system measures and HVAC is from industrial heating and insulation measures. Water heating
includes water heating equipment from all sectors, as well as showerheads and aerators. The other
category includes a variety of measures, but the two that make up its cost-effective potential are
packages of multiple measures for new homes and greenhouse upgrades for the industrial program.

6.12



NW Natural 2016 Integrated Resource Plan
Chapter 6
Demand-Side Management

Figure 6.10: Washington Cumulative Cost-Effective DSM Potential by End Use

The water heating end use tops the list in Washington and includes water heating equipment from all
sectors, as well as showerheads and aerators. Heating savings is from commercial and residential
heating system measures and HVAC is from industrial heating and insulation measures. Behavioral
consists mainly of commercial strategic energy management while also including residential behavior
programs and smart home automation devices. Water heating potential is from commercial and
residential measures. The other category includes a variety of measures but the only two with cost-
effective potential are packages of multiple measures for new homes and greenhouse upgrades for the
industrial program.

3.2. Final Savings Projection

After determining the 20-year cost-effective achievable potential, Energy Trust develops a savings
projection based on past program experience and knowledge of current and developing markets. The
savings projection is a 20-year forecast of future market penetration by programs for existing measures
and new technologies within the cost-effective potential, plus, in Oregon, forecasted market
transformation savings due to Energy Trust’s work towards accelerating building codes in Oregon.
Market transformation savings are not included in the Washington forecast at this time. The goal is to
provide an annual projection of acquisition of the 20-year savings potential identified.

The final reported savings projection is slightly different for Washington and Oregon. The Oregon
savings forecast includes over 1 million therms saved by known changes to future building codes and
equipment standards where Energy Trust played a role in advancing the adoption of these codes and
standards. Since energy consumption is reduced when more stringent building and equipment codes are
adopted, it is appropriate to decrement the Company’s load forecast accordingly and allow the program
to claim some of the savings since Energy Trust’s work in transforming the market influenced the
changes in code. This is not done for the Washington savings projection since the WUTC has not
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acknowledged that this is an appropriate practice. Energy Trust is peripherally engaged in the residential
homes code process in Washington through its support of the Northwest Energy Efficiency Alliance
(NEEA), but until 2016 was only funding NEEA for code-support work in Oregon. Energy Trust therefore
does not think it is appropriate to claim influence on savings based on actions taken prior to 2016, at
which point it began funding NEEA gas programs in Washington.

Figures 6.11 and 6.12 depict savings projections for Oregon and Washington, respectively. Note that as
previously discussed, while industrial DSM potential was identified in Washington, Energy Trust
programs do not currently deliver industrial programs in Washington except where customers in
commercial rate classes have industrial end uses. Thus savings for the industrial rate class is not included
in the following savings projections.

Figure 6.11: Oregon 20-Year Annual Projected Savings (2017-2036)

The sudden drop in savings from 2019 to 2020 is due to the expiration of savings being claimed by the

New Homes and New Buildings programs from work done in the past that contributed to building code
changes (otherwise known as market transformation savings) as discussed above. While it is likely that
additional savings may occur when building codes are updated again, at this point Energy Trust cannot
appropriately forecast the amount that is likely to occur in the future.
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Figure 6.12: Washington 20-Year Annual Savings Projection (2017-2036)
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Figures 6.13 through 6.14 below provide a breakdown of Oregon and Washington’s 20-year projected
savings acquisition by whether the savings occur during the heating season (space heat) or all year (flat).

Figure 6.13: Oregon 20-Year Savings Projection by Load Type
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Figure 6.15 shows historic Oregon savings and also compares the Oregon 2016 IRP forecast to the 2014
IRP forecast. The peak in 2015 actuals is due to the acquisition of a very large industrial project, which
brought in nearly 1 million therms of savings. Forecasting large projects and the timing of their
completion in the commercial and industrial programs is difficult and is often the cause of over
performance or under performance in any given year. However, to date, Energy Trust has met or
exceeded goals in five of the last six years.

Figure 6.15: Oregon Annual Savings History and Projection Comparison with Recent Actuals
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Figure 6.16 shows historic Washington savings and also compares the Washington 2016 IRP forecast to
the 2014 IRP forecast. The valley in 2015 in Washington’s actuals line is due to several anticipated
commercial custom projects which did not complete in time to be included in 2015 results. The
commercial strategy for 2016 has been shifted to address the short-comings of the 2015 program,
including increased incentives and additional outreach. As discussed above, forecasting large projects in
the commercial programs is difficult and is often the cause of over or underperformance in any given

year.
Figure 6.16: Washington Annual Savings History and Projection Comparison with Recent Actuals

Overall, the cost-effective achievable savings potential for Oregon and Washington is higher than it was
in the Company’s last IRP, primarily for the following reasons:

e Increased natural gas avoided costs due to new methodology, which includes capacity resource
value from peak savings, premium ‘hedge value of DSM’, and incremental carbon policy value.
e New Resource Assessment model introduced new savings from the following sources:
o Emerging Technology (Approx. 10 percent of total cost-effective savings potential)
o New measures in our programs (e.g., Residential & Commercial Behavioral)
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4. PROGRAM FUNDING AND DELIVERY: OREGON
4.1. Residential, Commercial, and Industrial Programs

In 2002, as part of an agreement that allowed NW Natural to implement a decoupling mechanism, the
Public Utility Commission of Oregon directed the Company to collect a public purpose charge for the
funding of its residential and commercial energy-efficiency programs and low-income programs, and to
transfer the administrative responsibility of the energy-efficiency programs to a third party.®

NW Natural chose Energy Trust as its program administrator. Energy Trust is a nonprofit organization
that was established as a result of electric direct access legislation adopted in 2002 to administer the
Oregon-based, independently owned electric utilities’ energy-efficiency programs. Energy Trust began
managing NW Natural’s residential and commercial program in 2003. The programs are outlined in the
Company’s Tariff Schedule 350 and funded through the public purpose charge, Schedule 301.

After NW Natural’s 2008 IRP’ identified that cost-effective industrial saving were available, the Company
worked with Energy Trust to launch an Industrial DSM program in Oregon. This program is available to
large Firm and Interruptible Sales customers, but not transportation customers. Costs for the program,
described in Schedule 360 of the Company’s tariff, are deferred for recovery a year later through the
charge published annually in Schedule 188.

With the exception of the first few years of the residential and commercial programs in Oregon when
gas customers were just learning about the availability of savings incentives, Energy Trust has been
meeting and even exceeding the annual savings targets derived through the biannual IRP analysis of the
available, cost-effective DSM potential. NW Natural foresees 87.2 million therms of its 20-year demand
coming from Oregon demand-side management measures.

The value of gas avoided costs decreased by approximately 50 percent between 2012 and 2015. As the
avoided costs value the benefit per therm of savings from energy-efficiency measures, some measures
are no longer cost-effective at the current forecasted price of natural gas, including single-family
residential ceiling, wall, and floor insulation, the 0.67 EF domestic gas tank water heater and residential
single-family duct and air sealing. Energy Trust has been concerned that removing these measures from
the gas portfolio could result in costly disruptions to the gas programs in the long run if natural gas
prices and forecasts were to rebound in the short term. Part of the rationale of continuing to offer these
measures is to maintain consistency in the market and to retain relationships with vendors and trade
allies who are relied upon to sell the energy-efficiency products.

Additionally, the majority of the measures meet one of the 7 exception criteria in UM 551, and so
Energy Trust filed requests with the Public Utility Commission of Oregon for approval to offer noncost-
effective measures in accordance with the exceptions to the cost-effectiveness standard provided in
OPUC Order No. 94-590. The Commission has provided exceptions for a number of these measures over
the last few years as Energy Trust works to lower costs and design new ways to offer these measures in

® See Order No. 02-634 in Docket No. UG 143.
’ See Docket No. LC 45.
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a more cost-effective way. While there continues to be uncertainty around the future price of gas and
whether measure costs can be adequately reduced, the Energy Trust has been allowed ongoing
exceptions to many of the noncost-effective measures and felt it appropriate at this time to include the
savings potential from these measures in its DSM potential forecast in an effort to not understate the
savings potential that exists.

4.2. Oregon Low-Income Energy Efficiency Program (OLIEE)®

Since October 2002, NW Natural has collected public purpose funding for its Oregon Low-Income Energy
Efficiency (OLIEE) program through a 0.25 percent surcharge to Oregon Residential and Commercial
customers’ energy bills.? OLIEE funding is used to improve the efficiency of NW Natural’s low-income
customers’ homes through the installation of high-efficiency equipment and weatherization measures.
The program is delivered by 10 Community Action Agencies (Agencies) within NW Natural’s Oregon
service territory.

When the public purpose charge was implemented, NW Natural estimated the Agencies would
weatherize approximately 700 to 800 more homes than they were able to serve previously. However,
the program has not come close to meeting that target. Various program designs have been attempted
but production has never met the original targets. As a result, program funding has accrued.

During 2015, however, the conversation expanded beyond NW Natural and the agencies as
representatives from CAPO, Public Utility Commission of Oregon Staff, CUB, Avista Utilities, and Cascade
Natural Gas came together to discuss root causes for statewide underperformance of low-income
energy-efficiency programs. As a result of these discussions, NW Natural filed tariff changes and the
revised program became effective on March 1, 2016. The changes were designed to decouple the local
utility program from the federal programs and funding in order to release the agencies from the process
and prioritization constraints that make it especially difficult and expensive to weatherize gas homes.

To track the impact of these changes to the program, quarterly reporting will occur for the first two
years of the revised program. Table 6.3 below shows the number of homes treated and therms saved in
OLIEE per year.

Table 6.3: Homes Treated Through OLIEE Program

Program Year \ Homes Treated Therms Saved (Estimated)
2014-2015 198 45,876

2013-2014 201 46,756

2012-2013 151 36,995

2011-2012 541 92,708"

2010-2011 339 108,141

® OLIEE program parameters are outlined in Schedule 320 and funding for the program is collected per
Schedule 301.
° See Order No. 02-634 in Docket No. UG-143.

' Therms saved per unit were significantly reduced in 2011-12 due to the extent of multifamily units weatherized
that year (approximately 50 percent).
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NW Natural expects the program changes will results in home completions near the original goal within
five years. The near-term targets, by program year, are as follows:

e 2015-2016: 254 homes (partial year)
e 2016-2017: 450 homes
e 2017-2018: 600 homes

5. PROGRAM FUNDING AND DELIVERY: WASHINGTON
5.1. Residential and Commercial Programs

Since Oct. 1, 2009, NW Natural has provided energy-efficiency programs to its Washington Residential
and Commercial customers in compliance with the direction provided by the WUTC in the Company’s
2008 rate case.' The programs were developed and continue to evolve under the oversight of the
Energy Efficiency Advisory Group (EEAG), which is comprised of interested parties to the Company’s
2008 rate case. Energy Trust administers the programs, leveraging the offerings available in Oregon to
customers located in Washington.*

Targets are based on IRP savings goals. Program results for 2015 were presented to the WUTC and EEAG
in the 2015 Annual Report filed April 22, 2016.

The Company’s program portfolio has consistently delivered savings cost-effectively, having a total
resource cost of one or greater. With lower gas prices and, consequently, lower avoided costs, other
natural gas utilities in the region have struggled to keep their programs cost-effective. The WUTC
opened docket No. UG-121207 to investigate methods for evaluating the cost-effectiveness of natural
gas energy-efficiency therm savings. NW Natural participated in this docket and expressed a willingness
to reconsider aspects of traditional methodologies.

The Commission issued a Policy Statement in October 2013 which states a preference for the use of a
balanced TRC on a portfolio level, and when that isn’t feasible, the Utility Cost Test (UCT). NW Natural
and Energy Trust considered the Commission’s Policy Statement; Energy Trust performed analysis on
how the application of the TRC verses the UCT would impact the program. The Company met with its
EEAG in April of 2014, and proposed using the UCT as the primary cost-effectiveness screening tool for
the 2015 program year. Since no party objected to the proposal, the Company revised its tariff and
Energy Efficiency Plan to reflect this change, which both complies with the Policy Statement and allows
the Company to offer a sound program.

While Energy Trust’s Resource Assessment model does use the TRC as its cost-effectiveness screen at
the measure level, the model contains a cost-effectiveness override toggle to allow savings potential

" See Order No. 4 in Docket UG-080546.

2 The program’s parameters are provided in the Company’s Schedule G and its Energy Efficiency Plan, which by
reference is part of the Tariff. The program is funded through a charge collected in accordance with
Schedule 215.
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from any measure in the model to be included without the cost-effectiveness screen. Energy Trust
applies the override to all measures in the model that are offered through programs and are likely to fail
the TRC screen. As a result, programs in Washington currently contain several measures that are not
offered in Oregon because they fail the TRC screen.

5.2. Washington Low-Income Energy Efficiency Program (WA-LIEE)

On Oct. 1, 2009, NW Natural launched a revised low-income program identified as WA-LIEE (Washington
Low-Income Energy Efficiency). Modeled after Oregon’s OLIEE program, the WA-LIEE program
reimburses the two administering Agencies for installing weatherization measures that are cost-
effective when analyzed in aggregate. Reimbursements were capped at the lesser of 90 percent of the
job cost or $3,500. The program has to date had modest success in treating homes for applicable
customers. In an effort to increase program success, the Company worked with its EEAG in 2015 to
strengthen the program. The following changes were made to the program effective Jan. 15, 2016:

e The stipulation requiring a customer’s dwelling be built before 1991 was removed to allow
weatherization services in newer housing stock.

e Program funding up to $11,000 is available for the 2016 program year for customer outreach.

e NW Natural’s program administration costs were limited to 5 percent of the total funds
distributed during the Program Year, which was insufficient to administer this program. The
WUTC granted increasing program administration to $7,700 for the 2016 program year to allow
NW Natural staff to provide additional focus on increasing program participation.

e The maximum rebate amount per home has been increased to the greater of $5,000 or the
average total installed cost of measures as reported by the Agencies for the prior program year.
The WA-LIEE contribution was also increased from 90 to 100 percent of job costs.

NW Natural is monitoring the program and hopeful that these changes will increase the number of
homes treated per year.

Table 6.4: Homes Treated Through WALIEE

Year ‘ Homes Treated Therms Saved (Estimated)
2015 9 3,213
2014 10 3,050
2013 20 7,026
2012 8 2,538
2011 11 3,575
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Energy-Efficiency Action Item

NW Natural recognizes the enduring value customers receive as a result of investments in energy
efficiency. The revised avoided cost methodology more accurately reflects the true cost-effectiveness
and savings of DSM and the Company intends to achieve the therm savings targets identified in this
study. As a result, NW Natural is including the following Action Items in its Action Plan in this IRP:

e Demand Side Resources and Environmental Action Item 1: Consistent with the methodology in
this chapter, NW Natural will ensure Energy Trust has sufficient funding to acquire therm savings
of 5.1 million therms in 2017 and 5 million therms in 2018 or the amount identified and
approved by the Energy Trust board. 3

e  Washington Only Demand Side Resources and Environmental Action Item 1: Consistent with the
methodology in this chapter, NW Natural will ensure Energy Trust has sufficient funding to
acquire therm savings of 262,000 therms in 2017 and 270,000 therms in 2018 or the amount
agreed to by the EEAG and approved by the WUTC."

6. LOAD MANAGEMENT AND DEMAND RESPONSE

Demand response reduces system load requirements during cold snaps or other times when the system
is stressed. Many of NW Natural’s customers can choose to receive service on an Interruptible rate
schedule. Approximately 30 percent of the Company’s annual throughput is for Interruptible Sales or
Interruptible Transportation service. Large volume customers gravitate towards Interruptible service
because of the low distribution charges. If unique circumstances occur, such as a system disruption or a
high-demand event, the Company may call on Interruptible service customers to curtail their load. When
an Interruptible customer fails to reduce usage during a curtailment event, that customer is billed
penalty charges in accordance with the tariff.

7. DISTRIBUTION SYSTEM PLANNING AND DEMAND-SIDE MANAGEMENT

Along with the increased focus on distribution system planning® in IRPs there is growing interest in the
potential of DSM to cost-effectively avoid or delay distribution system reinforcements.'® For DSM to be
considered as an option to address distribution system weak spots it will be necessary to make changes
to planning processes on the part of NW Natural relative to distribution system planning and it may
make sense to examine whether standard Energy Trust cost-effectiveness review protocols should be
restructured for this specific purpose. Until this point, NW Natural has used just-in-time distribution
system reinforcement planning and Energy Trust has employed statewide programs that will need to be
adjusted to target local areas if supply- and demand-side resources'’ are to be evaluated on a fully

B see appendix 6A-1 for 20-year cost-effective DSM savings projection by sector, measure type, and end use.

" See appendix 6A-4 for 20-year cost-effective DSM savings projection by sector, measure type, and end use.

> see chapter 7 for a detailed description of the difference between supply and distribution system planning.

* For example, see OPUC Order Nos. 15-064 and 16-109 and WUTC Acknowledgement Letter in Docket UG-
131473.

7 Note that here the definition for supply-side resources means nondemand-side resources that are used to serve
load, which includes both supply and distribution system resources. In other words the supply vs distribution
resource distinction is different than the supply-side vs demand-side resource distinction.

6.23



NW Natural 2016 Integrated Resource Plan
Chapter 6
Demand-Side Management

integrated basis™ relative to the distribution system. There are numerous reasons that NW Natural and
Energy Trust have operated the way they currently do up to this point in time, which are discussed after
a description of what making DSM as a distribution system resource option entails and requires.

“Distribution resource” projects are local in nature rather than the (typically) systemwide considerations
of “supply resource” planning. Where supply planning is about the total amount of gas that can be
pushed on to NW Natural’s system via its interstate pipeline contracts and storage resources (both
contracted and NW Natural-owned), distribution/deliverability planning is about getting the gas that
makes it to NW Natural’s system to the places it is needed on NW Natural’s system via gate stations,
regulators, and high- and low-pressure pipelines. Therefore, the load resource balance for supply
resource planning shown in figure 1.12 (also shown as figure 2.40) is for NW Natural’s system as a whole
rather than the many “systems-within-a-system” that characterize NW Natural’s distribution system.

The load resource balance shown for the Eugene reinforcement in figures 7.5 and 7.6 is an example of a
model of a distribution system within the overall NW Natural system using the Synergi pressure
modeling software. While reductions in peak load from any of NW Natural’s customers via energy
efficiency reduce the amount of supply resources needed by the Company to serve its customers, only
reductions in peak load from the customers that are fed by the portion of the distribution system that
needs reinforcement are relevant to avoiding or delaying supply-side distribution projects on the
system-within-a-system. For example, peak savings from DSM from customers in Portland have no
impact on the need for or timing of a distribution system reinforcement in Eugene or Vancouver.
Furthermore, the current DSM annual savings projection for NW Natural in the Energy Trust budget is at
the state level and NW Natural incorporates the savings from these statewide goals in the local level
load forecast. This means that statewide programs are not, without additional efforts, sufficient to avoid
or delay the local distribution system reinforcement or the project would not be anticipated to be
needed.

With few exceptions, customer rates are set at the state level so that all NW Natural customers in the
state pay for all of the Company’s local distribution system reinforcements in that state. Therefore, the
guestion becomes: What is the option that represents the best combination of cost and risk for the
customers in the state to address the local distribution system need? For example, if the best supply-
side distribution system option (a new pipeline connecting two previously isolated areas) costs
customers S5 million in net present value of revenue requirement (PVRR), can less than S5 million in
PVRR be spent to acquire DSM savings in the local area to achieve a reduction in peak hour load that is
sufficient to delay or avoid the cost of the distribution system enhancement? Answering this question
requires a location specific DSM cost-effectiveness test that focuses on peak savings in the area in
question.

'8 As is called for by OPUC Order No. 94-590.
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7.1. Geographically Targeted DSM via Accelerated and/or Enhanced Offerings

“Geographically Targeted” DSM is defined as savings from offerings that are specific to certain locations
within a state in order to achieve additional savings specifically from customers that contribute to the
peak load of an area where the distribution system is experiencing weakness and a supply-side project is
projected to be needed to serve customer load. Geographically targeted DSM savings can be from DSM
programs for measures that are not offered in other areas of the state or from programs that
intensify/speed up efforts to acquire savings from measures available elsewhere in the location
experiencing the distribution system weakness, but are different than what is offered in the state at
large. Given the current method for evaluating DSM cost-effectiveness, special consideration must be
given to how to design and deploy a geographically targeted DSM program in order to meet the
economic/cost-effectiveness criteria.

Geographically targeted DSM savings can be achieved by either “accelerating” or “enhancing,” or
accelerating and enhancing, DSM offerings in the location in question.

“Accelerated” DSM is defined as speeding up the timeline to acquire savings which meet current Energy
Trust cost-effectiveness requirements (based on statewide avoided costs) in a local area with location
specific targeted marketing and/or increased incentives. In other words, accelerating DSM is acquiring
savings that would be acquired eventually though statewide operations faster in the locality in question.

“Enhanced” DSM savings are savings that do not meet current Energy Trust cost-effectiveness
requirements (based on statewide avoided costs) but are cost-effective if location-specific avoided
costs™ are used to represent the value of achieving peak hour savings from DSM in the local area that is
experiencing a distribution system weakness. In other words, enhancing DSM is acquiring savings in the
local area that are cost-effective using local avoided costs that are not cost-effective under current
state-level planning using statewide avoided costs.

Accelerated and/or Enhanced DSM will be required in the geographically targeted area for a project to
achieve the required peak hour savings since the “business as usual” process for acquiring DSM savings
is already accounted for in the peak hour distribution system planning that shows a project is needed to
address a weakness. The demand-side options to evaluate against supply-side options to address
weaknesses in NW Natural’s distribution system will be referred to as “geographically targeted DSM via
accelerated and/or enhanced offerings” or “Targeted DSM” for short. Allowing for Targeted DSM to be a
viable option is breaking new ground for LDCs operating in the region and requires major changes to the
way NW Natural plans distribution system upgrades and the way Energy Trust evaluates cost-
effectiveness and deploys its programs. While NW Natural and Energy Trust are open to these changes
to work towards planning as optimally as possible for customers, an explanation for why both
organizations operate the way they do is useful in highlighting some of the issues with using Targeted
DSM as an option to address distribution system needs.

Additionally, like supply-side options, if multiple enhanced and/or accelerated DSM programs are
projected to be cheaper than the best supply-side option, the lowest cost option of the demand-side

Inclusive of the expected costs of the potential supply-side distribution enhancement.
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options would need to be deployed to meet the best combination of cost and risk planning standard for
addressing resource acquisitions.

7.2. Example of Geographically Targeting DSM Peak Hour Savings

In order to illustrate how a DSM offering would need to be targeted to a specific geographic area to be
considered as an alternative to a distribution system project, the Clark County Camas Loop
reinforcement that will be in service for the 2016-17 heating season and is detailed in chapter 7 is used
as an example.”® Figure 6.17 shows the weakness in the local distribution system using the Synergi
pipeline modeling software” without the Camas Loop during planning peak hour conditions.? It also
overlays circles on the model (Area A and Area B) that represent the distinct sections of the distribution
system that are systems-within-a-system where gas cannot flow between. Note that the Camas Loop
Reinforcement pipeline is pointed out and shown in red. Figure 6.18 shows the benefit provided by the
reinforcement project by illustrating how the system is expected to perform under peak planning
conditions once the Camas Loop reinforcement is complete.

Figure 6.17: Camas Area 2016-17 Distribution Peak Hour Planning Before Camas Loop Reinforcement

2% Note that this example is for illustration purposes only given there is an immediate need for a solution in the
Camas area such that precludes Targeted DSM as an option given the lead times discussed later in this chapter.

*! please see chapter 7 for more information and how to interpret Synergi model figures.

2 Assuming 2016—2017 customer counts and usage.
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Figure 6.18: Camas Area 2016-17 Distribution Peak Hour Planning After Camas Loop Reinforcement

To show how the geographic borders would have been determined to evaluate Targeted DSM offerings
as an alternative to the Camas Loop reinforcement, had the further-out-in-time distribution planning
process discussed later in this chapter and in chapter 7 to be implemented going forward been in effect
previously,”® note that Area A and Area B in figure 6.17 are both “systems-within-a-system.” As such,
completing the Camas Loop Reinforcement does not impact Area B, which is shown by the orange/red
coloring (low pressure) in Area B in figure 6.17 remaining the same in figure 6.18. Consequently, had
Targeted DSM been chosen as the option to address the weakness seen in Area A that the Camas loop is
addressing, peak savings from Area B or any other location in NW Natural’s service territory would not
have helped delay or avoid the Camas Loop project. Therefore, for DSM to have been used as the option
to address the weakness in Area A, the Targeted DSM program, which by definition would go beyond
the “business as usual” DSM acquisition activities elsewhere in the state, would have been required to
“target” peak hour savings from Area A only.

% This does not imply that Targeted DSM would have been chosen as the least-cost alternative to address the
weakness is Camas, only that it would be evaluated against supply-side options and considered in the least-cost
analysis.
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7.3. NW Natural Expected Changes and Central Concerns

Until this point, as is detailed in chapter 7, NW Natural has addressed supply-side distribution
weaknesses as they are detected in the real world in order to provide just-in-time solutions. This has
been preferred relative to a detailed multiyear prospective distribution system enhancement planning
and design process® for the following reasons:

1. The smaller the area being considered, the more important a change (a gain/loss of a large
customer, a new subdivision, etc.) that could impact system loads and the timing of a project
becomes. If a Targeted DSM initiative were to be implemented to address a projected need
customers could end up paying for Targeted DSM peak hour savings that are not necessary
because either the savings were ultimately unnecessary or a change necessitated a supply-side
solution in addition to the Targeted DSM program. An example of each is described below:

a. Example where project timing is moved up due to an unexpected change: An
unexpected new large customer makes the need for a local distribution enhancement
immediate

b. Example where projects that were expected ended up not needed: Numerous planned
developments in 2008 did not get built or were delayed substantially due to the Great
Recession.

2. Distribution system planning is model based and needs to be verified with field pressure testing,
which is not an option for evaluating loads that are projected in the future and are not being
experienced today.

3. Combining reasons 1 and 2, using planning resources (people and time) to complete specialized
load and project design analysis to determine all the viable options to address the weakness and
estimate costs for these options was considered an improper use of resources.

4. Coordination with municipal, county, and state governments to minimize impacts on rights of
way may not allow the requisite timing to consider Targeted DSM as an option in all cases.

a. For example, when constructing or repairing a roadway, the local government may
impose a moratorium on construction along the roadway for long periods of time (10
years for example) that forces a decision to construct a pipeline or not be able to use
the right of way until after a reinforcement is likely to be required

Even when considering the complications described above NW Natural realizes that demand-side
options may be the best way to address distribution system needs. Consequently, to accommodate the
highly likely possibility that Targeted DSM initiatives will take multiple years to plan, implement, and
complete, NW Natural presents a proposal in chapter 7 to plan distribution system reinforcements
further out in time that it will deploy going forward. However, for supply-side and demand-side options
to be compared on equal footing there is much to be learned about the firmness/reliability of Targeted
DSM peak hour savings, the costs and timing with which they can be acquired, and how they can be
measured.

" Which is required to evaluate Targeted DSM initiatives as an option to address distribution system needs due to
the time needed to allow a DSM program to make the requisite impact.
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Additionally, equity issues, both amongst current customers within a state and between “generations”
of customers, are major concerns when considering Targeted DSM. Equity issues amongst customers
within a state will be discussed within the Energy Trust’s concerns below, but intergenerational equity
issues could cause complications depending on how Targeted DSM costs are paid for by customers. Note
that the impact on customers of supply-side projects is well known as the capital expenditure will be
converted into revenue requirement through cost of service mechanisms that typically have very long
depreciation lives.

It may not be appropriate and could be detrimental to Targeted DSM from a least-cost planning
perspective in net present value terms to use the current DSM savings funding model where costs are
borne by customers through the public purpose charge in the year they are accrued by Energy Trust.
This model ensures all of the costs of the Targeted DSM initiative are incurred by customers in the years
the program is under way even though the benefits are likely to last long beyond the timeframe of the
initiative itself given the expected lives or most DSM measures. Cost deferral options would need to be
considered as a way to make Targeted DSM more attractive from a financial perspective and address
this issue of intergenerational equity.
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7.4. Considerations for Energy Trust of Oregon to Provide a Targeted DSM Program
As provided by Energy Trust of Oregon (shown in maroon text)

The Energy Trust runs natural gas energy-efficiency programs throughout NW Natural service territory in
Oregon and Southwest Washington to deliver the lowest cost energy solution for NW Natural
customers. For Targeted DSM to be a real option to address weaknesses in the NW Natural gas
distribution system it would be necessary for Energy Trust to run programs, or campaigns within existing
programs, that are specifically targeted to the area in question in order to maximize customer
participation levels.

Energy Trust will begin with an intensified focus of the current resource acquisition program offerings,
including an examination of how to deploy the current measures with incentives and marketing tactics
designed to accomplish meaningful reductions in peak hour demand. This differs from, but is often
complementary to, the primary Energy Trust objective of acquiring annual gas savings. As part of the
examination, Energy Trust will review how the deployment of a focused program offering will coincide
with the current Energy Trust cost-effectiveness framework that is used to review measures and
programs. If the offering is not meeting cost-effectiveness requirements then Energy Trust will need
guidance from the respective state Commissions to proceed with implementation.

An alternative to Energy Trust’s current program structure is one specifically designed to reduce peak
hour demand. However, such an offering may be a fundamental shift from Energy Trust’s current
business model and may require a significant investment to design and implement. If the current
programs that Energy Trust offers are not sufficient for the purpose of deferring local distribution
system enhancements, then Energy Trust will need guidance from the respective state Commissions
regarding how much effort to put into offerings specifically tailored for this purpose.

While annual savings and costs of Energy Trust programs currently can be forecasted and acquired with
a high degree of certainty statewide, it is unclear whether Energy Trust’s ability to achieve peak demand
reductions in a targeted geography can be reliably forecasted; one of the values of pilot activity is to
learn more about this. Furthermore, evaluation efforts will need to be specifically scoped and
implemented in order to establish the success of Energy Trust offerings at reducing localized peak gas
demand.

Additionally, implementing Targeted DSM initiatives presents concerns about equitable distribution of
Energy Trust offerings. Successful deployment of Targeted DSM may require that customers in the
target area have specific Energy Trust opportunities made available to them; while customers outside of
the target area may not have access to these same offerings. Energy Trust will need to design a solution
to manage customer expectations in the midst of these differences because customers who are not
allowed to participate in the Targeted DSM initiative may feel the program is unfair.
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8. GEOGRAPHICALLY TARGETED DSM PILOT VIA ENHANCED AND/OR
ACCELERATED DSM OFFERINGS (“TARGETED DSM” PILOT)

Given the concerns and questions regarding Targeted DSM as a viable cost-effective option to delay or
avoid distribution system projects NW Natural feels it is inappropriate to “go live” with a Targeted DSM
program which has the potential to be quite large and costly in lieu of a supply-side project without
more information. Consequently, the Company broached the idea during a Technical Working Group
and approached the Energy Trust about a Targeted DSM pilot to answer many of the questions about
Targeted DSM so that supply- and demand-side options can be compared on equal footing in an
integrated process while keeping customer interests as a priority. The idea of a pilot was well received
by stakeholders and is a logical next step in the evolution of Targeted DSM as an option to address
distribution system weaknesses.

8.1. Targeted DSM Pilot Purpose and Research Questions

The purpose of the pilot is to answer the following research questions that are currently unanswered so
that Targeted DSM timing and cost estimates can be made for any location that is experiencing a
weakness in the distribution system to compare against supply-side solutions in an integrated resource
planning process:

1. What inputs does Energy Trust require from NW Natural to conduct a Targeted DSM initiative

evaluation?

What cost-effectiveness framework is appropriate for evaluating Targeted DSM initiatives?

What DSM measures should be considered for Targeted DSM initiatives?

What amount of peak hour savings do different measures provide?

How firm/reliable and long lasting are Targeted DSM peak hour savings?

How fast can Targeted DSM peak hour savings be achieved?

What levels of incentives and marketing are required to achieve specific levels of uptake for

Targeted DSM measures?

8. How much do Targeted DSM peak hour savings cost? (i.e., What is the Targeted DSM peak hour
DSM savings supply curve for the area in question?)

9. How viable is it to run location specific DSM programs? (i.e., how do Targeted DSM efforts
coincide with current Energy Trust program delivery activities)

10. How do customers respond to offerings that are available to only some customers in specific
geographic areas?

11. What is the likelihood changes in load (via unexpected customer additions/losses and/or new
development) ultimately render Targeted DSM expenditures unnecessary or inadequate to
delay/avoid a supply-side project?

12. What are the appropriate funding mechanisms to fund Targeted DSM programs?

NouswN
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8.2. Initial Parameters for a Targeted DSM Pilot

While more specific parameters and details would need to be scoped through research, NW Natural and
Energy Trust have compiled the following parameters as considerations for an appropriate Targeted

DXM pilot:

1. Supply-side project expected in area in the next 5 -10 years.

2. DSM programs target peak hour savings as this is what delays/avoids supply-side capital
expenditures relative to distribution system reinforcements.

3. Customer group is not unique or atypical, so that learnings can be applied more broadly to other
projects, but the size of the effort is scaled to minimize the cost impact on customers.

4. One or two pipelines (as opposed to several) feed all of the gas into the area in question so that
minimal meters can be installed to adequately measure the impact of the DSM program on load
during extreme cold weather.

5. The location for the pilot should be determined at least one year in advance (preferably two) so
that high-frequency load meters can be installed on the pipelines feeding the area before the
project begins to accurately measure the impact of the DSM program and have the “before”
baseline to measure progress against.

6. A statistically significant number of daily frequency ERT meter reading technology devices are
already installed in the area to evaluate customer level usage patterns before, during and after
the Targeted DSM initiative.

7. Be able to incorporate pilot planning into Energy Trust budget.

8. Be able to incorporate pilot implementation costs into Energy Trust budgets in the year they are
expected to be incurred.

9. Be able to track NW Natural costs to implement Targeted DSM pilot monitoring into rates.

8.3. Targeted DSM Pilot Action Item and Next Steps

In order to facilitate a stakeholder and Commission review before putting more resources (both at NW
Natural and the Energy Trust) into Targeted DSM as an option to address distribution system
weaknesses NW Natural is seeking acknowledgement of the idea of an information gathering Targeted
DSM pilot to help provide insight into the many unknowns about the viability of using demand-side peak
hour energy savings as capacity resources for the distribution system:

Demand-Side Resources and Environmental Action Item 2: Work with Energy Trust of Oregon to
further scope a geographically targeted DSM pilot via accelerated and/or enhanced offerings
(“Targeted DSM” pilot) to measure and quantify the potential of demand-side resources to cost-
effectively”® avoid/delay gas distribution system reinforcement projects in a timely manner and
make a Targeted DSM pilot filing with the Public Utility Commission of Oregon (OPUC) in late
2017 or early 2018.

25

Note that the pilot is for information gaining purposes and is not required that is expected to be cheaper than

the supply-side option against which it is being compared, though this standard would be applied for projects
going forward.
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9. KEY

POINTS AND ACTION ITEMS

Energy Trust used a new resource assessment tool for this DSM forecast to estimate the
technical, achievable and cost-effective achievable potential for demand-side resources. The
new model shows a bigger potential for DSM in this IRP than the prior IRP, which is largely due
to an increase in avoided costs leading to new measures and the addition of emerging
technology.
NW Natural includes the following action items associated with the identified therm savings
targets in its action plan:
o Consistent with the methodology in this chapter, NW Natural will ensure Energy Trust
has sufficient funding to acquire therm savings of 5.1 million therms in 2017 and 5.0
million therms in 2018 or the amount identified and approved by the Energy Trust
board.
o Consistent with the methodology in this chapter, NW Natural will ensure Energy Trust
has sufficient funding to acquire therm savings of 262,000 therms in 2017 and 270,000
therms in 2018 or the amount agreed to by the EEAG and approved by the WUTC.
Contingent on Commission acknowledgment of the idea of a geographically targeted DSM pilot
via accelerated or enhanced offerings (“Targeted DSM”) to measure and quantify the potential
of demand-side resources as a capacity resource to address weaknesses in the NW Natural’s
distribution system, NW Natural and Energy Trust of Oregon will file a detailed pilot project for
review.
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1. OVERVIEW

Chapter 7 discusses NW Natural’s distribution system planning,
including an overview, features of the current system, computer
modeling methods, and criteria for determining project
prioritization. Notably, distribution system planning at NW Natural
is evolving to be more forward-looking using growth- and demand-
related models as presented in the Integrated Resource Plan.

The chapter also describes two new distribution system projects
addressing areas of identified weakness in the distribution system,
provides updates regarding the Clark County projects appearing in
the 2014 IRP, and ends with Key Findings associated with
distribution system planning.

The Company reviewed its distribution system planning process
with stakeholders in the Feb. 10, 2016, Technical Working Group
meeting.

2. BACKGROUND AND EXISTING DISTRIBUTION
SYSTEM

2.1. NW Natural’s Distribution System

NW Natural’s gas distribution system consists of approximately 14
thousand miles of distribution mains, of which approximately 87
percent are in Oregon with the remaining 13 percent in
Washington.' The Company’s Oregon service area includes 42 gate
stations” and approximately 990 district regulator stations. The
Washington service area includes 15 gate stations and
approximately 75 district regulator stations.

NW Natural also maintains two large compressed natural gas (CNG)
trailers each rated at 1,000 therm capacity, a liquefied natural gas
(LNG) trailer rated at 8,500 therm capacity, and assorted small CNG
trailers rated below 100 therm capacity for short-term and localized
use in support of cold weather operations or while conducting
pipeline maintenance procedures.

-

N

KEY FINDINGS \

Key findings in this chapter include
the following:

NW Natural has enhanced the
Company’s distribution
system planning and adopted
specific criteria by which to
prioritize distribution system
projects.

The Company’s distribution
system planning now
considers peak hour capacity
requirements.

NW Natural identified two
areas requiring system
reinforcement: in the
Sherwood—Tualatin area of
the Portland West load
center, and in the Eugene
load center. The Company has
developed a project for
addressing the requirements
associated with each of these
two areas.

NW Natural has completed
two Vancouver load center
distribution system projects
identified in the 2014 IRP.
Complete construction of the
Clark County distribution
projects to address Vancouver
load center needs is expected
to occur over the next three
years with an estimated cost

of $20 million.

! Source: 2015 FERC Form 2 Washington Supplement for year ending Dec. 31, 2015.
? Gate station values for both Oregon and Washington include all upstream pipeline interconnections, including

farm taps.
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2.2. Overview of Distribution System Planning
NW Natural’s distribution system planning ensures that the Company:

e Operates a distribution system capable of meeting peak hour demands;’

e Operates and maintains its distribution system in a safe and reliable manner;

e Performs timely maintenance and makes necessary reliability improvements;

o Complies with all applicable state and federal laws and regulations;

e Plans for future needs in a timely fashion; and

e Addresses distribution system needs related to localized customer or demand growth.

The goal of distribution system planning is the design of a distribution system meeting firm service
customers’ current natural gas needs under peak hour weather conditions, including planning for
reinforcement to serve future firm service requirements. Distribution system planning identifies
operational problems and areas of the distribution system requiring reinforcement due to existing
conditions and/or growth indicators. NW Natural, by knowing where and under what conditions
pressure problems may (or do) occur, can incorporate necessary reinforcements into annual budgets
and distribution project planning, thereby avoiding costly reactive and potentially emergency solutions.

The Company’s Engineering Department—collaborating with the Construction and Marketing
departments and incorporating input from economic development and planning agencies—plans the
expansion, reinforcement, and replacement of distribution system facilities. This planning process
requires forecasting local growth in peak hour demand, determining potential distribution system
constraints, analyzing alternative potential solutions, and assessing the costs of each viable alternative.

This planning is ongoing and integrates new requirements associated with customer growth into the
Company’s construction forecasts.

2.3. New Approach to Distribution System Planning

Development of NW Natural’s 2016 IRP takes place during a period in which the Company is
transitioning from its previous approach to distribution system planning to one of communicating a
more forward-looking emphasis while incorporating specific IRP-related models such as growth,
customer demand, and design weather projections into the system performance models. NW Natural
has created a ten-year-forward system planning document to identify specific higher cost system
“health” concerns and establish long-range budgetary forecasts.

However, given that a distribution system issue frequently involves a relatively small area—often very
small in comparison with the load center in which it is located—and relatively small numbers of
customers, there is intrinsically more uncertainty associated with estimated future load requirements
for such an area than there is at the load center level. The impact of acquiring or losing a single large
customer or residential subdivision in a relatively smaller area of focus becomes relatively greater,
requiring a certain element of fluidity in the project timing projections and, in some cases, even
identifying new projects not previously listed.

* See also the discussion in chapter 2 regarding NW Natural’s load center peak hour weather standard.
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This new approach specifies that, for issues to be addressed within one to three years, NW Natural’s
distribution system engineers develop a project planning process that includes documentation of system
modeling and modeling results, an initial route selection, an associated high-level cost estimate, and an
analysis of alternatives including the possibility of customer-specific geographically focused
interruptibility agreements.*

Projects in this category typically do not include as feasible alternatives demand-side measures such as
geographically targeted and enhanced/accelerated DSM energy-efficiency programs.® There is typically
insufficient lead time in this context in which to develop accelerated DSM programs. NW Natural
anticipates considering potential demand-side resources for projects having timing requirements
beyond three years.

Projects associated with issues to be addressed in the 4- to 7-year timeframe include a project
description, preliminary modeling documentation, a preliminary schedule, and a high-level cost
estimate.

Projects in the 8- to 10-year timeframe include preliminary modeling documentation and a high level
cost estimate. Project planning associated with issues having this timeframe for resolution is at the
conceptual level only.

3. DISTRIBUTION SYSTEM PLANNING METHODOLOGY

3.1. Overview of Methodology

Two primary factors determine required incremental infrastructure investment: load growth and
reliability issues. Other factors NW Natural considers include pipeline safety regulations, which may
drive the need to replace facilities based on the location and condition of existing pipelines, and
relocations of pipelines in order to accommodate public works projects.

The planning process requires determining potential distribution system constraints and identifying
reliability issues, analyzing potential solutions, and assessing the costs associated with each alternative
solution.

Assumptions regarding customer load growth draw from IRP load forecasts® and from discussions with
local area management regarding main and service requests, major account representatives,
developers, local trade allies, and field personnel. NW Natural integrates this information with the
system performance assessment for both the short and long terms, which results in a long-term

* These agreements are similar to Recall Agreements on the supply-side in that they would likely involve larger
industrial customers. However, as alternatives for distribution system issues these agreements are individually
negotiated with firm sales customers within a defined geographical area who are willing to have interruptible
service.

See the related discussion on distribution system planning and demand-side management in chapter 6.

® See chapter 2 for a discussion of load forecasts.

5
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planning and strategic outlook that assists in identifying the best alternatives for addressing system
needs.

3.2. Computer Modeling

NW Natural uses Synergi software,” which is in wide use throughout the industry, to model the
Company’s network of mains (pipes) and services. A Synergi model helps predict capacity constraints
and associated system performance in alternative scenarios differing in assumed weather conditions
and future loads resulting from alternative assumptions regarding load growth. Synergi allows graphical
analysis and interpretation by system planners.

A Synergi model contains detailed information on NW Natural’s system, such as pipe size, length, pipe
roughness, and configuration; customer loads;® source gas pressures and flow rates; internal regulator
settings and characteristics; and more. The model utilizes information from NW Natural’s Geographical
Information System (GIS) for the piping system configuration and pipe characteristics; from the
Customer Information System (CIS) for customer load distribution; and from the Supervisory Control and
Data Acquisition (SCADA) system for large customer loads, system pressures, gate flows and pressures,
valve status, and key regulator pressure settings.

A Synergi model uses mathematical flow equations and an iterative calculation method to evaluate
whether the modeled system is balanced. A Synergi model shows flows and pressures at every point in
the modeled system and, when balanced, the relationship between flows and whether pressures at all
points in the modeled system are within tolerances specified by NW Natural’s Engineering staff.

A properly designed Synergi model has pressure and flow results closely corresponding with those of the
observed actual physical system. As with models used in other contexts, Synergi models rely on
assumptions about the actual system, and therefore modeling results may vary from actual results; i.e.,
Synergi models are a representation of the actual system.

NW Natural compares the results of a Synergi model to actual observed conditions in order to validate
the model. Model validation is very important for creating a Synergi model that accurately reflects the
Company’s system.

A validated Synergi™ model can be used to simulate the distribution system’s performance under a
variety of conditions. The focus of this analysis is typically on meeting growing peak hour customer
demands while maintaining system stability. NW Natural uses the Synergi™ model to project gas
requirements at discrete delivery nodes based on observed flow rates during recent cold weather
episodes. Flow rates are then calibrated to match design peak weather conditions and to reflect the
effects of customer growth.

Synergi simulation capability allows the Company to efficiently evaluate distribution system
performance in terms of stability, reliability, and safety under conditions ranging from peak hour
delivery requirements to both planned and unplanned temporary service interruptions. Synergi

7 Synergi software, a product of DNV GL, is the current name for the software identified as SynerGEE® in some

previous IRPs.
® Future customer loads may be informed by the load forecast.
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modeling allows NW Natural to evaluate various scenarios designed to stress test the system’s response
to alternative demand forecasts and/or system constraints.

Distribution system improvements take multiple forms. NW Natural can loop a pipeline, which means
constructing a new pipe near an existing pipeline that is currently or will soon be at design capacity. The
Company can upsize or uprate pipelines. Upsizing replaces an existing pipeline with a larger diameter
pipe, while uprating a pipeline increases its maximum allowable operating pressure (MAOP). The
Company can also install additional compression capacity to boost a pipeline’s operating pressure closer
to its MAOP, thereby increasing overall gas flow rates. Each alternative solution has—under any given
scenario—unique costs, benefits, timing implications, and risk.

NW Natural assesses supply-side alternatives for meeting system expansion and reinforcement needs
using multiple criteria. The Company evaluates proposed solutions and solution sets with regard to cost
and deferral of future costs, safety, system reliability, system stability, timing vis-a-vis that of other
projects, improvements to system utilization, the nature of any embedded real optionality, and the
ability to meet future gas delivery requirements. The “best” proposed solution is the least cost, safest,
and most reliable solution for ratepayers.’ As any one alternative solution may not be the “best” with
respect to each criterion, determining the optimal solution'® from the available alternatives may include
gualitative assessment of the relevant characteristics of each alternative solution.

Once the cost and operating parameters for the preferred supply-side solution are established,

NW Natural assesses whether certain demand-side alternatives are potentially viable solutions. Such
alternatives can include customer-specific geographically focused defined interruptibility agreements,
where NW Natural and one or more large customers in the area of influence agree the customer will
curtail gas use upon NW Natural’s request, and deployment of geographically targeted and
enhanced/accelerated DSM energy-efficiency programs. If the Company assesses one or more of these
alternatives as potentially viable, NW Natural performs additional investigation and analysis, and
compares such an alternative with the preferred supply-side alternative.

Depending on the requirements for a specific project, Synergi modeling may be augmented by or
occasionally replaced with modeling conducted using Excel spreadsheets. Analyzing multiple scenarios
on a relatively simple system may be completed more quickly using an Excel spreadsheet than when
using Synergi. NW Natural validates Excel spreadsheet models using the same process used for a Synergi
model, so modeling using either method provides similar results.

NW Natural intends that a solution that is the least cost, safest, and most reliable of alternative solutions is
understood to be a solution consistent with the Public Utility Commission of Oregon’s goal that “...utility
resource plans should identify resources that provide the best mix of cost and risk,” as stated on page 1 of
Order No. 07-002 in Docket No. UM 1056 and elaborated on in other sections of this Order, including in
footnote 3, on pages 5 through 8, and in Guideline 1c on pages 1 and 2 of appendix A (including footnote 1
“...[w]e sometimes refer to this portfolio as the “best cost/risk portfolio.” “).

NW Natural intends that an “optimal solution” is understood in this context to be a solution that provides the
“best mix of cost and risk” in conforming to the Public Utility Commission of Oregon’s IRP Guideline 1c. By
“optimal,” NW Natural means “best and most effective,” with this definition appearing in the online Merriam-
Webster at http://www.merriam-webster.com/dictionary/optimal (accessed June 4, 2016).

10
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3.3. Demand

Core system demand typically has a morning peaking period between 7 a.m. and 8 a.m. The peak hour
demand for these customers can be as much as 50 percent greater than the hourly average of the
diurnal demand. Due to the importance of responding to hourly peaking in the distribution system,

NW Natural typically plans for distribution system capacity requirements based on peak hour demand."!

Figure 7.1: Vancouver Distribution System Peak Daily Load Shape and Planning Peak Hour

Actual system demand for various times and weather conditions are typically captured from real time™?
SCADA information, which is available every day. NW Natural assumes for modeling purposes that
smaller gates for which SCADA information is not available have fixed outlet pressures, and the
Company adjusts downstream loads for these locations as is appropriate for the specified weather
conditions.

3.4. Criteria for Project Prioritization and Modeling Scenarios

Synergi has a variety of features for evaluating results and identifying potential solutions to correct a
pressure problem. NW Natural can make model changes to determine how the system would perform
with a variety of enhancements, such as increased regulator pressure, pipe looping, an additional supply
source, etc. The Company enters such changes and then rebalances the model. A typical output is a
color-coded map showing system pressure levels, examples of which are shown in figures 7.2 and 7.3
(following). NW Natural can quickly consider a variety of potential solutions for low-pressure areas and

! See the discussion of peak hour load forecasting in chapter 2.
!> SCADA data is transmitted and captured every two minutes.
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determine the short- and long-term effectiveness of each. Once identified, the Company can evaluate
each potential solution’s cost™ as part of the process for determining the best alternative.

As a general matter, the practical industry standard and NW Natural’s standard for computing design
capacity of a new pipeline is based on a maximum 20 percent pressure drop. This basis of a maximum
design limitation of a 20 percent pressure drop for new pipe design allows for a measured level of
growth to occur on this new system generally eliminating the need for near-term system
reinforcements. The incremental costs, such as installing a 4-inch pipe instead of a 2-inch pipe to
maintain the 20 percent criteria, are de minimis when compared to a subsequent reinforcement pipeline
project.

Transmission and High-Pressure Distribution Systems

A Synergi modeling result, with design parameters set to peak hour load requirements, of a 30 percent
pressure drop on a facility indicates need to initiate an investigation. A result of a 40 percent pressure
drop (a 40 percent pressure drop in a high-pressure system equates to 80 percent of the overall pipeline
capacity) indicates reinforcement, or an alternative solution, is critical. For high-pressure (HP) pipelines
feeding other HP systems, consideration is given to the minimum inlet pressure requirements for proper
regulator function to serve the systems being supplied off this high-pressure system in addition to total
pressure drop. Additionally, consideration is given for reinforcement on facilities where near-term
growth is anticipated or identified by leading indicators. Examples of such leading indicators include the
planned construction of a new road, a new subdivision, or a planned industrial development. Additional
criteria are to meet a firm service customer’s pressure requirements and the identification in IRP
analysis of incremental supply requirements. NW Natural reviewed these and other system
reinforcement criteria with stakeholders in the Feb. 10, 2016 Technical Working Group meeting.

Distribution Systems

A Synergi modeling result, with design parameters set to peak hour load requirements, of minimum
distribution pressures of 15 psig'* on a facility signals a need to investigate. A result of minimum
pressures of 10 psig or lower indicates reinforcement, or an alternative solution, is critical. The 10 psig
minimum criterion is directly tied to the design parameters required for the safety systems put in place
through federal regulations—specifically the installation of Excess Flow Valves (EFVs) —for Residential
and small Commercial customers. Criteria in this context include the same reinforcement for near-term
growth, where near-term growth is indicated by leading indicators, and meeting firm service customer
requirements as in the previous context.

B Synergi does not incorporate cost considerations. The process of determining a potential solution’s cost-

effectiveness appropriately incorporates analysis reflecting the Public Utility Commission of Oregon’s IRP
Guideline 1c; i.e., “[t]he planning horizon for analyzing resource choices should be at least 20 years and
account for end effects. Utilities should consider all costs with a reasonable likelihood of being included in
rates over the long term, which extends beyond the planning horizon and the life of the resource.” Emphasis
added; see Order No. 07-002 in Docket No. UM 1056, appendix A page 2 of 7.

The abbreviation “psig,” for “pounds per square inch gauge,” is a measure of pressure, where the “g”
(“gauge”) indicates the pressure is relative to ambient atmospheric pressure.

14
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Modeling Scenarios

NW Natural models various scenarios, stress testing how the system will respond to varying demand
forecasts and system constraints. The Company can analyze alternative solutions for meeting delivery
capacity requirements and addressing reliability issues based on modeling results.

An example of the use of Synergi modeling to identify an issue where taking action is critical is shown in
figure 7.2. This figure shows an area of the Vancouver load center with a critical need for reinforcement,
as the indicated pressure under design conditions is less than 10 psig."® Figure 7.3 shows the modeled
result of adding specific infrastructure, allowing incremental gas to flow through the distribution system.

Figure 7.2: Distribution System Pressures—Existing System

"'.,'PHWHS Gate Peak Day Demand

u “ Vancouver WA Area Model
‘ Current System

1/30/2016

Pressure (Primary Orlly) (psig)

[ Mot Applicable (270)

B =5 312

M 5-10 (9768)

O 10-15 (19583) /
O 15- 20 (zz827)

M 20- 50 (169689)

M 60- 250 (2013)

250-400 (614)

W > 400 (506}

> Note that pressure in the identified area in the center of the figure is not only less than 10 psig; it is less than
5 psig.
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Figure 7.3: Distribution System Pressures—Future System
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3.5. Planning Results

NW Natural develops both short- and long-term infrastructure plans based on load growth projections,
system integrity issues,’® and other system-impacting issues. These plans consist of proposed projects
the Company includes in its capital budgeting process. NW Natural reviews these plans at least annually,
and the scope and needs of each project may evolve over time as new information becomes available.
Actual solutions implemented may be different from those planned due to actual conditions that differ
from those forecast. The Company integrates annual plans into the Company’s budgeting process, which
also includes planning for other types of distribution capital expenditures and infrastructure upgrades.

16 System integrity issues include those associated with the stability, reliability, and safety of NW Natural’s system.

7.9



NW Natural 2016 Integrated Resource Plan
Chapter 7
Distribution System Planning

4. SIGNIFICANT POTENTIAL HIGH-PRESSURE TRANSMISSION AND DISTRIBUTION
SYSTEM PLANNING PROJECTS

NW Natural discusses two specific distribution system projects below. Both projects are sited in
Oregon.” The Company reviewed each of these projects with stakeholders in the Feb. 10, 2016
Technical Working Group meeting and provided updates in the June 22, 2016 Technical Working Group
meeting.

4.1. Southeast Eugene

The southeast Eugene area has been plagued by low distribution pressures in cold weather for many
years. The nearest feeders are many miles away through developed city infrastructure. During this time,
NW Natural has been able to address low pressures in small isolated segments by installing main
connections that tie the existing mains more closely together, but these opportunities are now fully
captured. NW Natural’s analysis of this area within the Company’s distribution system identified existing
weaknesses. Areas colored red in figure 7.4 indicate pressure on the design peak hour is less than five

psig.
Figure 7.5 shows the same area, again on a peak hour, after construction of approximately 2.5 miles of
an 8-inch high-pressure pipeline connecting an existing HP facility with the distribution system in the

area projected to experience low pressure on a peak hour.

Figure 7.4: SE Eugene—EXxisting System

7 A discussion of Clark County distribution system projects appears later in this chapter.
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Figure 7.5: SE Eugene—Future System

As the issue with the distribution system in SE Eugene is an existing condition, construction is planned
for 2018. The cost of this project is estimated at $4 million to $6 million, with an associated $10 million
point estimate of present value of revenue requirements (PVRR). NW Natural analyzed the placement of
a satellite LNG facility in 2019 as an alternative which would defer pipeline construction. As the
estimated cost was $23.3 million, with a resulting PVRR of $44.9 million, this potential solution is more
costly than the new pipeline facility.

NW Natural considered two additional nonpipeline alternatives to the proposed high-pressure pipeline
facility. The first of these is the use of customer-specific geographically focused defined interruptibility
agreements within the SE Eugene area of influence. After considering the number of larger non-
Residential firm service customers and their usage, versus the load reduction necessary to defer
construction of new infrastructure, NW Natural concluded customer-specific geographically focused
defined interruptibility agreements are not a feasible solution. The second of these alternatives is
accelerated demand-side management (DSM) program deployment—also within the SE Eugene area of
influence. Accelerated DSM is not a viable alternative, as even an accelerated deployment could not be
implemented in sufficient time to achieve demand-side load reductions which mitigate the risk
associated with the existing issue in peak day conditions.
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4.2. Sherwood / 124" Avenue Extension

The Tualatin—Sherwood area has experienced rapid growth in recent decades and existing piping
infrastructure on a 125 MAOP HP feeder in this area is currently at capacity, as evidenced by a greater
than 50 percent pressure drop over the existing facility. This is shown in figure 7.6, where pressure
drops from 115 psig to 55 psig, exceeding the 40 percent pressure drop criterion discussed above.

A Washington County project to complete a new street by 2018 in this area will create a major
thoroughfare and open up areas for industrial and commercial development. While the reason for the
project is to address the existing pressure drop from loads of existing firm service customers, the near-
term road construction provides NW Natural an opportunity to not only solve the existing problem at a
lower cost than would otherwise be the case, but also to facilitate providing service to future customers
locating in areas to be developed following road construction.

NW Natural analyzed two alternative facilities that address the existing issue: constructing
approximately 2.5 miles of a 6-inch high-pressure facility in 2017, with timing driven by the timing
requirements of the road construction, and constructing a facility somewhat later (2018) with a path
generally aligned with the existing Tualatin—Sherwood Road. As a result of greenfield construction
advantages, the facility associated with construction of the new road is the least-cost supply-side
alternative, with a range in estimated cost of $2.5 million to $3.1 million'® and an associated PVRR point
estimate of $5.9 million. This compares with a $6.4 million point estimate of cost and an associated
PVRR point estimate of $13.4 million to construct a HP facility along the Tualatin—Sherwood Road.
Additionally, the greenfield nature of the preferred solution provides less cost risk than the alternative.
Figure 7.7 shows the least-cost alternative.

NW Natural also analyzed the potential use of a satellite LNG facility to defer pipeline construction.
NW Natural estimates the cost of such a facility at $23.3 million with an associated PVRR of
$44.9 million. The assumed timing of construction for this alternative is 2019.

Accelerated DSM deployment is not a feasible alternative, as the pressure drop is an existing issue. After
evaluating the use of customer-specific geographically focused defined interruptibility agreements
within the area of influence to delay system reinforcement, NW Natural concluded this is not a feasible
alternative, as the estimated peak load of larger firm service customers in the area of influence is less
than the amount of reduction required to resolve the issue.

As road construction is under way in mid-2016, NW Natural will likely implement the least-cost
alternative and make a final investment decision prior to the beginning of the 2016—2017 heating
season,'® with this timing driven by the timing requirements associated with the road construction.

' Values associated with the preferred solution result in part from estimates NW Natural received from
contractors associated with the road construction in mid-2016.

' NW Natural, as a result of this timing, does not include an action item associated with this project in the
2016 IRP.
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5. OTHER DISTRIBUTION SYSTEM PROJECTS: CLARK COUNTY, WASHINGTON

A principal conclusion in NW Natural’s 2014 IRP was the need to invest in the Company’s Clark County
infrastructure.?® Action Item 2.1.b. of the 2014 IRP, repeated below, reflected this need:

Complete Clark County distribution projects to address Vancouver load center needs—
estimated timing of projects is over the next five years with an estimated total capital
cost of 525 million.

The 2014 IRP included as a Key Finding, in discussing distribution system planning in chapter 6, that

NW Natural had identified five projects to complete within the next five years to address resource needs
in the Vancouver load center.?! A list of these five projects, including each project’s name, location, a
brief description, an estimated cost and year of anticipated construction, appeared on page 6A.1 in
appendix 6 of the 2014 IRP.

There are several aspects of the Vancouver distribution system projects to update in the 2016 IRP. An
update for each project, as the project was identified in the 2014 IRP,? appears below. NW Natural
reviewed the six Clark County distribution system projects® with stakeholders in its Feb. 10, 2016
Technical Working Group meeting.

119" Street: The 2014 IRP described this project as installing approximately 1.5 miles of 8-inch high-
pressure main in 2014 at an estimated cost of $5.4 million. NW Natural completed this project in late
2014,

Camas Reinforcement: The 2014 IRP described this project as installing approximately 2.4 miles of 12-
inch high-pressure main with anticipated completion in 2015 at an estimated cost of $4.6 million.

NW Natural deferred this project to 2016 due to design considerations and permitting requirements.
The revised estimated cost is about $5.1 million.

Washougal Extension: The 2014 IRP described this project as installing approximately 1.2 miles of 6-inch
high-pressure main for feeding the Washougal core area, with anticipated completion in 2015 at an
estimated cost of $4.5 million. NW Natural now projects completion in 2018 at an estimated cost of
$4.5 million. The Company deferred this project approximately three years as a result of additional
analysis indicating that projects such as the Vancouver Core Replacement Phase 1 project have higher
priority.

2% see page 1.2 of the 2014 IRP.

! See page 6.9 of the 2014 IRP. The Vancouver load center is located in Clark County, Washington.

? See; e.g., page 6A.1 of appendix 6 in the 2014 IRP.

2 Six projects result from considering the two phases of the Vancouver Core Replacement project as discrete
projects. See slides 74—86 of the presentation.
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119" Street to Salmon Creek: The 2014 IRP described this project as installing approximately 2.4 miles of
8-inch high-pressure main connecting the Salmon Creek gate station to the now completed 119" project
referenced above. The 2014 IRP anticipated completion in 2017 at an estimated cost of $6.1 million.
Completion of this project is still planned for 2017 at an estimated cost of $6.1 million.

Vancouver Core Replacement: The 2014 IRP described the Vancouver Core Replacement project as
installing approximately 1.8 miles of 12-inch high-pressure main, with completion anticipated in 2017 at
an estimated cost of $4.3 million. Subsequent detailed investigation identified two somewhat
independent distribution system issues in the Vancouver core area which require individual solutions.
The Phase 1 project involves installing approximately 3,700 feet of 8-inch high-pressure main in 2016 at
an estimated cost of $2.4 million. NW Natural completed the Phase 1 project in June of 2016 at a cost of
approximately $1.3 million.

The Vancouver Core Phase 2 project will address the existing issues directly east of the Phase 1 project’s
location, with completion anticipated in 2019. As NW Natural has not developed alternative solutions
for addressing the identified issues, estimated costs are yet to be determined. NW Natural deferred the
Phase 2 project by two years to 2019 based on other projects having higher priority.

In addition to the distribution system pipeline projects above, several gate stations in the Vancouver
load center need upgrading. These are the North Vancouver, Camas, Salmon Creek, and West Vancouver
gates. These projects involve capacity increases and equipment upgrades—including meters, regulators,
odorizers, and line heaters.

6. KEY FINDINGS

e NW Natural has enhanced the Company’s distribution system planning and adopted specific
criteria by which to prioritize distribution system projects.

e The Company’s distribution system planning now considers peak hour capacity requirements.**

e NW Natural identified two areas requiring system reinforcement: in the Sherwood — Tualatin
area of the Portland West load center, and in the Eugene load center. The Company has
developed a project for addressing the requirements associated with each of these two areas.

e Proceed with the SE Eugene Reinforcement project to be in service for the 2018/2019 heating
season and at a preliminary estimated cost of $S4 million to $6 million.

e NW Natural has completed two Vancouver load center distribution system projects identified in
the 2014 IRP. The estimated timeframe for completing some of the remaining projects has
changed as a result of updated consideration of priorities.

e Complete construction of the Clark County distribution projects to address Vancouver load
center needs, with the estimated timing of these projects is over the next three years with an
estimated cost of $21 million.

** See the related discussion in chapter 2.
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1. SYSTEM PLANNING OVERVIEW

NW Natural employs the optimization method of linear programming to integrate the significant

planning components, and to generate and evaluate long-
term resource plans. Linear programming (LP) is a
mathematical optimization technique which solves the
“general problem of allocating limited resources among
competing activities in the best possible way.”* For the IRP,
the Company’s LP model examines all reasonable means for
acquiring demand-side and/or supply-side resources to
meet growing customer load and determines the series of
resource decisions through time which results in a least-
cost plan.

The LP model acts as a tool to guide the Company’s
resource decisions; it is not the final answer. The
deterministic model makes resource decisions based on
perfect knowledge of the 20-year planning horizon,
including weather, load, future resource availability, and
supply prices. For example, a decision made in year five
may have been informed by an event occurring in year 10.
LP modeling also allows for various combinations of
resources, called portfolios, to be evaluated under assorted
load scenarios and ranked according to cost.

The Company holds a license with ABB for its gas supply
planning and optimization software product SENDOUT®.?

r

Key findings in this chapter include the
following:

o

KEY FINDINGS )

Mist Recall is the primary resource
addition to meet growing peak
loads. The next Mist Recall is
projected to be for 30,000 Dth/day
for the 2019-2020 gas year.

The Christensen Compressor project
is needed to serve growing peak
loads in the Salem and Albany load
centers. With Base Case load
growth this project will be needed
in 2022.

Additional pipeline capacity is
necessary to fulfill winter energy
demand without compromising the
maximum deliverability of
underground storage resources.

_J

This application is designed to optimize the entire gas supply portfolio, including supply, transportation,
storage assets, and conservation programs. The general optimization problem is a minimum-cost
capacitated network flow problem. The objective function of the LP engine within SENDOUT seeks to
minimize system costs associated with meeting daily load subject to capacity constraints. The resource
mix optimization module selects the least-cost resources to meet load based on the associated fixed and
variable costs of the resource. The Monte Carlo module provides risk planning analysis around hundreds
of weather and price simulations. This allows portfolios to be evaluated from a probabilistic standpoint.

1

Hillier, Fredrick S. and Lieberman, Gerald L, Introduction To Operations Research 6th Edition, McGraw-Hill, Inc.,

1995, 25.
2

ABB (ASEA Brown Boveri) is a Swedish-Swiss multinational corporation headquartered in Zirich, Switzerland,

operating mainly in robotics and the power and automation technology areas. It does business as the ABB

Group.
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1.1. Resource Planning Model Integration

Five primary components are integrated within the SENDOUT® resource planning model.
Load forecast and demand-side management (Chapters 2 and 6)

Design weather pattern (Chapter 2)

Natural gas price forecast (Chapter 2)

Current supply-side resources (Chapter 3)

Potential future resources (Chapters 3 and 7)

vk wN e

1. Load Forecast and Demand-side Management

The Company incorporates the demand usage factors and estimated peak day firm sales load (net of
DSM) into the resource planning model. The usage factors include the number of customers by region
and category, as well as the customer and region-specific base and heat load factors. Additionally, a
high-cost penalty is attached to unserved firm demand such that the resource model attempts to serve
all firm demand using the resource options available to it. For interruptible loads, the penalty is set
sufficiently low that the model does not serve this category during cold weather periods, but high
enough that the model chooses to serve it otherwise.

2. Design Weather Pattern

The Company has developed a statistically based design weather pattern which is colder than 90
percent of the winters that the service area has experienced in 30 years. In addition, the annual weather
pattern was augmented with the very cold seven-day peak event from February 1989.

3. Natural Gas Price

A cost is associated with each unit of natural gas supply sourced in the resource model. These costs can
drive planning to focus on certain low-cost sources and can also allow the storage resources to take
advantage of seasonal variability. Substantial differences between summer and winter prices could,
therefore, influence the decision between a pipeline resource and a storage resource. Long-term price
differentials between supply basins may drive pipeline resource decisions to steer toward the lower
priced basins. The Company used the various price forecasts described in chapter 2 as inputs to the
optimization model. Gas price also has a strong influence on the expected overall cost to meet customer
load across the planning horizon, since gas commodity costs are typically the largest cost component of
any LDC IRP.

4. Current Supply-Side Resources

NW Natural discusses existing supply-side resources in Chapter 3. Existing resources include interstate
pipeline capacity (Northwest Pipeline), on-system storage (Mist, Newport LNG, Portland LNG), off-
system storage (Jackson Prairie), and a number of industrial recall agreements.

5. Future Supply-Side Resources

The gas requirements for each load center (net of DSM) are met by current a future supply-side
resources. The Company’s future supply-side resources are incorporated into the SENDOUT' resource
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planning model as options to be selected based on cost and risk. These resources fall into three basic
categories:

a. Interstate pipeline
b. High-pressure transmission
c. Storage

Table 8.1 lists a number of the future resources that are available in the resource planning model. For
additional and further descriptions of these resources, refer to chapters 3 and 7 and appendix 8.
Interstate pipelines are modeled at either their current tariff rate or an estimated rate for new projects.
High-pressure transmission projects are modeled at their estimated annual revenue requirements. "End
effects” also are considered, that is, the analysis actually was performed over a period longer than the
20-year IRP planning horizon to ensure that resource choices made in the later years were not affected
simply because cost streams were cut off after year 20.

Table 8.1: Future Resource and Portfolio Options

Resource Description Abbrev
. Pipeline service from Malin (and/or Stanfield) on GTN and | TW
_ | Trail West . . .
1o} Trail West delivering up Grants Pass Lateral (or directly
5 | Pathway
< onto NWN system at Molalla)
; Sumas Pipeline service from Sumas to NWN territory sized and SE(R)
= | Expansion timed for regional demands
= Regional®
§ | Pacific Pipeline service from Malin on GTN and Pacific Connector PC
g Connector delivering up the Grants Pass Lateral
Pathway
Recall capacity contracted to third parties in the MR
Mist Recall interstate/intrastate storage market to be used for service
to the Company’s utility customers as contracts expire
Development of new reservoirs, compression station and NM
§ North Mist lla pipeline facilities located to the north of the existing Mist
= |andllb storage facilities complex. North Mist lla would be the first
© expansion followed by llb.
ke A local Sumas expansion that is similar to a regional SE(L)
o | Sumas . C
< . expansion, but is initiated at the request of NW Natural
O | Expansion Local . . )
and sized specifically for the Company’s needs
Christensen A compressor located between Newport and Salem to ccp
Compressor increase the takeaway capacity of Newport LNG
All others All others (see chapter 3) OTHER

> NWP now refers to this project as Sumas Express.

Note that NW Natural controls the timing of the in-service date of the resources options under its control, but
the in-service times for the projects out of the control of the Company must be assumed (see table 8.1).
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The resource options available differ significantly in their cost, size, and delivery pattern. Additionally, a
pipeline resource is tied to a specific geographic gas supply location while storage resources may get
their supply from the least-cost supply hub which is available to NW Natural. Table 8.2 shows the
characteristics of each of the major resources considered in this IRP.

Table 8.2: Future Resource Comparison

Cost (¢/Dth/Day) Size (Dth/day) Supply Location

Mist Recall Up to 215,000 Energy/Peak Variable
Christenson Compressor  21.8 40,000 Peak Variable
Pacific Connector 436 (from Malin) Up to 52,000 Energy Malin
Pathway

North Mist lla (Phase 1)  50.3 50,000 Energy/Peak Variable
North Mist Ilb (Phase 2)  44.6 50,000 Energy/Peak Variable
Sumas Expansion 53.0 Variable Energy Sumas
(Regional)

Trail West Pathway 552 (from Malin) Variable Energy Malin/AECO
LNG Facility 575 120,000 Peak Variable
Sumas Expansion 88.0 Variable Energy Sumas
(Local)

1.2. System Modeling

SENDOUT® uses a network diagram that represents the pipelines both inside and outside NW Natural’s
system which deliver gas to the Company’s customers (appendix 8A.1). Included in this model are all
relevant pipeline capacities, fixed and variable costs, and seasonal or other time-sensitive capacity
constraints. Ideally this model will sufficiently reflect the real operating parameters of the Company’s
system. As part of the IRP process this model is constantly refined to better reflect reality.

The system model in this IRP has been improved in several ways from those used in prior IRPs. As
discussed in chapter 3 the delivery capacity from Northwest Pipeline (NWP) to gate stations has been
updated to reflect an allocation of MDDOs to a series of gate stations instead of individual gates.
Additionally and as discussed later in this chapter, in this IRP the Salem load center has also been
disaggregated into four separate load centers to more accurately reflect how the system operates. The
model also incorporates the physical capacity limitations of NWP’s gate stations as well as the
Company’s pipeline capacity extending from gate stations into the load centers. This level of granularity
allows NW Natural to find weak points within the supply and delivery systems.

2. RESOURCE PLANNING MODEL RESULTS

The process of running SENDOUT® includes three basic steps. First, a set of model inputs is entered into
the application. These include the previously discussed load parameters, weather patterns, price
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forecast, demand-side management factors, and current resources. Next, the set of future resource
options with individual decision factors (timing, capacity, cost, etc.) are configured within the model.
The application is then run and the output collected. To ensure resource adequacy to meet peak loads,
the scenarios are first run under the traditional planning standard (i.e., design weather and 100 percent
resource availability) for each planning year. The output results include the timeframe and size of the
resource decisions, served and unserved load. After a portfolio of resources has been selected another
run is completed with the selected resources under normal weather conditions and the supply,
transport, storage and DSM costs and collected. Total costs are tabulated and the net present value of
revenue requirements (NPVRR) is calculated.

2.1. Planning Scenarios and Sensitivities
The Company’s existing resource base is unable to meet expected peak day demand over the planning
horizon (figure 8.1). Under Base Case customer load growth conditions the resource deficit reaches 269

MDT/day by the end of the planning horizon (figure 8.2).

Figure 8.1: Design Day Peak Demand with Existing Resource Portfolio
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Figure 8.2: System Resource Deficiency on Design Day
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A number of currently proposed projects in the Northwest could impact NW Natural’s decisions about
acquiring resources. This section explores those scenarios and compares the resulting resource
portfolios. Table 8.3 contains the scenarios and their attendant set of available resource options. The
scenarios are described below in more detail.

Scenario 1: No Regional Pipeline Projects:

Large industrial projects are not sited in the region and there is no need to construct any large regional
pipelines. NW Natural’s options include contracting for smaller expansions on a Sumas Expansion (Local
Project) or invest in on-system storage resources.

Scenario 2: Jordan Cove LNG exports with Pacific Connector Pipeline:

Pacific Connector is built to support LNG exports out of Jordan Cove. NW Natural’s options also include
contracting for smaller expansions on a Sumas Expansion (Local Project) or invest in on-system storage
resources.

Scenario 3: Trail West Pipeline Is Built:

Trail West pipeline is constructed to serve large loads in the Northwest. These loads could be from
methanol, power generation, or other large industrial uses. NW Natural may choose to contract on this
regional pipeline in addition to the options of contracting for smaller expansions on a Sumas Expansion
(Local Project) or investing in on-system storage resources.
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Scenario 4: Sumas Expansion (Regional Project) Is Built:

Only SE(R) is constructed to serve large loads in the Northwest. These loads could be from methanol,
power generation, or other large industrial uses. NW Natural may choose to contract on this regional
pipeline in addition to the options of contracting for smaller expansions on a Sumas Expansion (Local
Project) or investing in on-system storage resources.

Scenario 5/6: High/Low Demand Growth and No Regional Pipeline Projects:

Large industrial projects are not sited in the region and there is no need to construct any large regional
pipelines. NW Natural experiences high/low demand growth and resource options include contracting
for smaller expansions on a Sumas Expansion (Local Project) or invest in on-system storage resources.

Scenario 7/8/9: Early Subscription to Regional Pipeline Projects:

The timing of regional interstate pipeline projects is beyond the control of NW Natural. The Company
may need to decide whether or not to subscribe to a regional interstate pipeline before the Company’s
preferred date to add interstate pipeline capacity. The most likely instance of this would be a binding
open season before construction begins on an interstate pipeline where it is expected that upon
completion the pipeline would be fully subscribed. In this case the Company would be presented with a
“take it or leave it” opportunity to acquire interstate pipeline capacity. In these scenarios, NW Natural
uses the year 2021 as the first year a new interstate pipeline could reasonably come in service.

Table 8.3: Scenario Assumptions Matrix

Resources Available Scenario
112|3|4|5]|6]7]|8]|9
Trail West Pathway X X
Pacific Connector Pathway X X
Sumas Expansion Regional X X
Sumas Expansion Local XIX|IX]IX]|X]IX]X]|X]X
Mist Recall XIX]IX]IX|IX]|X]X]X]X
North Mist Il XIX]IX]IX|IX]|X]X]X]X
Christensen Compressor XIX|IX]IX]|X]IX]X]|X]X
All others XIXIX]IX]IX]|X]X]X]|X
Scenario
Sensitivity 112|3|4]|5]|6]7]|8]|9
High Load Growth X
Low Load Growth X
2021 Interstate Pipeline X|X]|X
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2.2. Portfolio Results Under Base Load Growth Scenarios

The NPVRR of each scenario under normal weather conditions is shown in table 8.4 below and the
specific annual resource additions in each portfolio are shown in figures 8.3 through 8.7. In the Base
Case customer growth scenarios (scenarios 1 through 4) Mist Recall is used to meet the peak resource
demand over the first six years of the plan. In year 2022 the Christensen Compressor resource is
selected in order to provide additional peak supply to the Salem and Albany load centers as only a
limited amount of gas from Mist can reach these areas. Following the addition of the Christensen
Compressor, Mist Recall is chosen as the resource to meet additional peak day demand until all of Mist
Recall is taken in 2027.

Following the addition of all Mist Recall a new resource must be chosen to meet peak day load growth.
The resource that is selected at this time depends on whether or not a regional pipeline is available. The
next least-cost resources that are available are either a regional pipeline, if available, or North Mist lla. If
a regional pipeline is available it is expected to be lower cost than North Mist Ila and is selected at this
time. Otherwise North Mist lla is added to the portfolio.

Table 8.4: Cost of Resource Portfolios with Base Load Growth

Transport Storage CO, Cost
Supply NPVRR NPVRR NPVRR NPVRR Total NPVRR
Scenario (Smillions) (Smillions) (Smillions) (Smillions) (Smillions)
1 3,243.76 1,192.95 217.09 639.06 5,292.86
2 3,242.80 1,199.73 193.18 639.06 5,274.78
3 3,243.42 1,206.77 193.18 639.06 5,282.43
4 3,243.18 1,205.64 193.18 639.06 5,281.07

Figure 8.3: Scenario 1 Resource Selection
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Figure 8.4: Scenario 2 Resource Selection

Figure 8.5: Scenario 3 Resource Selection
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Figure 8.6: Scenario 4 Resource Selection

Figure 8.7: Comparison of Scenarios with and Without Regional Pipelines
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2.3. Portfolio Results Under Alternative Load Growth Scenarios

NW Natural also tested scenarios with high- and low-demand growth. These demand sensitivity cases
were run using the same resource assumptions as Scenario 1 above. The resulting portfolio NPVRRs are
shown in table 8.5.

Table 8.5: Cost of Resource Portfolios with Alternative Load Growth

Transport CO, Cost
Supply NPVRR NPVRR Storage NPVRR NPVRR Total NPVRR
Scenario (Smillions) (Smillions) (Smillions) (Smillions) (Smillions)
5 3,435.69 1,292.09 273.27 681.89 5,682.95
6 3,095.87 1,153.99 161.80 598.96 5,010.63

In the high-growth case all resource additions are accelerated in time and more resources are needed
(figure 8.8). In this scenario both North Mist lla and llb are selected as resources in addition to pipeline

capacity.

In the low-demand growth scenario only two resources are needed throughout the planning horizon.
Mist Recall is used to meet load growth until the 2031-2032 gas year where the Christensen Compressor
project is needed (figure 8.9).

Figure 8.8: Scenario 5 Resource Selection
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2.4. Portfolio Results With Early Interstate Pipeline Build Dates

Figure 8.9: Scenario 6 Resource Selection

The timing of regional interstate pipeline projects is beyond the control of NW Natural. The Company
may need to decide whether or not to subscribe to a regional interstate pipeline before the Company’s
preferred date to add interstate pipeline capacity. The most likely instance of this would be a binding
open season before construction begins on an interstate pipeline where it is expected that upon
completion the pipeline would be fully subscribed. In this case the Company would be presented with a
“take it or leave it” opportunity to acquire interstate pipeline capacity. Table 8.6 shows the resulting

portfolio NPVRRs and figures 8.10-8.12 show the timing and sizing of resource additions.

Table 8.6: Cost of Resource Portfolios with Early Regional Pipeline In-Service Date

Transport Storage CO, Cost
Supply NPVRR NPVRR NPVRR NPVRR Total NPVRR
Scenario (Smillions) (Smillions) (Smillions) (Smillions) (Smillions)
7 3,246.49 1,201.86 191.70 639.06 5,279.11
8 3,245.12 1,217.85 192.71 639.06 5,294.74
9 3,242.42 1,215.80 192.80 639.06 5,290.09
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Figure 8.10: Scenario 7 Resource Selection

Figure 8.11: Scenario 8 Resource Selection
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Figure 8.12: Scenario 9 Resource Selection

3. SOUTH SALEM FEEDER

In the 2014 IRP NW Natural identified a deficit of capacity to serve peak day demand in the Salem load
center. Capacity to serve the Salem load center is provided by an assortment of high-pressure
transmission pipelines as well as Northwest Pipeline gate stations. NW Natural selected a project called
the South Salem Feeder to solve the capacity issue. The 2014 action item associated with the South
Salem Feeder stated (OPUC Order No. 15-064):

Continue the preconstruction phase of the South Salem Feeder Project (e.qg., studies, permitting,
etc.) and conduct a Request for Proposal (RFP) for Recallable Agreements in the Salem Load
Center. Provide the Commission with the results of additional analysis (e.g., results of RFP,
accelerated DSM analysis, future load growth specific to the Salem load center) related to the
South Salem Feeder Project prior to moving beyond the preconstruction phase of the project.
While the studies are being undertaken, Energy Trust of Oregon (ETO) will maintain the current
energy-efficiency programs in the Salem area.

Following the 2014 IRP NW Natural continued to evaluate the load in the Salem area as well as the
capacity constraints which lead to the selection of the South Salem Feeder. As described in chapter 3,
the Company updated its assumptions about how MDDOs are allocated to either a specific gate station
or a zone of Northwest Pipeline. For the Salem area, that change leads to the gate capacity being
increased from 26,383 Dth/day (MDDO at the specific gates) to 61,771 Dth/day (MDDO within the
zone).
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In addition to a new look at MDDO, the Salem load center was disaggregated into smaller load centers
to improve the ability to identify capacity issues. In previous IRPs, the Salem load center consisted of the
demand from customers covering a large amount of territory in multiple cities spread through Marion,
Polk, and Yamhill counties (figure 8.13). This area is also one of the most complex parts of the NW
Natural system as there are multiple high-pressure transmission systems (Central Coast Feeder, Mid-
Willamette Valley Feeder, North Willamette Valley Feeder, and South Mist Pipeline Extension) and gas
supply points (Northwest Pipeline gate stations, Mist, and Newport LNG). This one load center has been
transformed into four distinct load centers based on logical divisions which consider the concentration
of demand and pipelines serving the demand (figure 8.14).

Figure 8.13: Salem Load Center
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Figure 8.14: Salem Load Center Disaggregation

Figure 8.15 below shows the changes in the system flow diagram before and after the load center
transformation. Figure 8.16 shows the resulting demands (blue lines) and delivery capacities (red lines)
in each of the new Salem areas. As can be seen in each panel, the current delivery capacity exceeds the
demand in each area. The Salem C area was most affected by the change in MDDOs as can be seen by
comparing the current Salem C delivery capacity to what it would be using the assumptions in the 2014
IRP (figure 8.16 lower right). Under the assumptions present in the 2014 IRP (green line) Salem C would
have needed additional delivery capacity beginning in 2025.

8.16



NW Natural 2016 Integrated Resource Plan

Chapter 8

Linear Programming and the Company’s Resource Choices

IRPs

Ious

Salem Load Center Change from Previ

Figure 8.15

ities

Salem Area Peak Load Forecasts and Supply Capaci

Figure 8.16

2 £
s, N
V&,
yw.om.»wnv s «_.m.% @
RS | %%
3 %,
mw,aq, 3 L %
> %
%, % &, B
._wm.sm s @»«1
%, % %
@wuw + Qﬂq...m
%, L %
a .
NS L B
) .
% o %
amem. k2 b %
Bt <
N G
-] 9181 &) F OWqu
m_ b&m i3 m_ F hxnm.&m
% ,
2 ‘m»uw.mum K L «v%m, N
© & % [] 2, %
3 R —_fe®
B oo E
B a«.&., [ Arnw
%, R
& 3B | a®
NS 88 | e
: a g
% P E e
B 5, % L
22 | % B33 an
b, % L g @
m M mvm.avn [ERRT) uv%mvm
o % 333 %%
a5, % %, %,
0 + L e
= 2
i : T T T T T o i T T T T T NG
5 %,
8 8 8 8 8 8 8 ° = 8 8 8 8 8 8 = =
S 8288 8 3 g £ 8 8 38 8
M~ <] n = 3] o~ — ~ =+ Y= = o~
[ B
Aep/uia Aep/uig
,w,nm. b@w
P 5
ewnm,.wm #om,mwx
mmohwwm aw.b?mm
1»7 nb.ad
& &
b, @Q,v %
2 &
RN %
% %
A & ",
% .Q,Qnu @
%, %,
&qum.a.y &;QW @
A\um K2 a»omﬂwv
) S
L) & ",
% © N
NS NS
< oy | O o
| @ | NS
E - u,n.n E 2 «,10
K] G % | @ B %
[} PR @ a, %
wn . % | W G %
R E>
& % & @
NS B
R @,
K NG
2 E % %
5 & e 2y e
o G B G
M i wwm; . e.vﬁ.
3
S5 e m_ £ o, %
'Y | e % o %
17 % T 2
Pl o
N N
<z 7
r T T T T T T N r T T T T T N
EN BN
o o o o 3 =]
g 8E8g8g888° ) 28 Eg 888888 ° ~°
— - - o (o] 2] - —l
Aep/uig Aep/uag

8.17



NW Natural 2016 Integrated Resource Plan
Chapter 8
Linear Programming and the Company’s Resource Choices

4. PLANNING CONCLUSIONS

NW Natural draws the following conclusions from these results:
Mist Recall is very important to customers, as shown by its low cost and flexibility.

In contrast to the many pipeline options where NW Natural must add capacity in large blocks, Mist
Recall’s flexibility allows the Company to respond to changes in resource needs by adding in small blocks
of capacity. This reduces the risk that the NW Natural contracts for more interstate pipeline capacity
than is necessary to meet future loads.

Additional pipeline capacity is needed in addition to storage resources—which particular pipeline option
is the least-cost option depends upon the future that unfolds.

NW Natural expects that it will need to contract for additional interstate pipeline capacity at some point
over the planning horizon. While underground storage resources have lower capacity costs the delivery
pattern for these resources (deliverability decreases as storage capacity drops) becomes problematic as
the percentage of storage resources in the Company’s portfolio increases over time. As loads increase
storage resources are heavily used for winter energy needs, compromising peak deliverability and
ultimately reducing the cost-effectiveness of the resource.

The availability of any specific regional pipeline does not change the resource portfolio.

As seen in the portfolio results from scenarios 2 through 4, the timing and type of resource additions is
not affected by the specific regional pipeline which is available. In all cases the regional pipeline is added
to the portfolio in 2029. Additionally, the PVRR of the portfolios with regional pipelines are very similar.

The South Salem Feeder is no longer needed in the planning horizon.

After disaggregating the Salem load center and re-evaluating the capacity constraints, NW Natural
determined that the South Salem Feeder is not needed to serve peak day demand.

NW Natural asks acknowledgment of the following Action Item:

e Resource Investments Action Item 1: Plan to recall 30,000 Dth/day of Mist storage capacity from
the interstate storage account effective May 2019 to serve the core customer needs, subject to
a review based on an update of the annual load forecast in the summer of 2018.

5. KEY FINDINGS

e Mist Recall is the primary resource addition to meet growing peak loads. The next Mist Recall is
projected to be for 30,000 Dth/day for the 2019-2020 gas year.

e The Christensen Compressor project is needed to serve growing peak loads in the Salem and
Albany load centers. With Base Case load growth this project will be needed in 2022.

e Additional pipeline capacity is necessary to fulfill winter energy demand without compromising
the maximum deliverability of underground storage resources.
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1. BACKGROUND

The results presented in chapter 8
represent the expected Present Value
of Revenue Requirement (PVRR) of a
portfolio of resources under a specific
set of input assumptions in the form of
forecasts and resource availability. It is
known, however, that there is a high
degree of uncertainty when
forecasting load, weather, commaodity
prices, and resource costs 20 years
into the future. Therefore, it is
important to test the sensitivity of the
expected least-cost supply resource
acquisitions detailed in chapter 8 to
assumptions about prices, price basin
differentials, weather, customer
growth, and resource costs. This
chapter documents the risk analysis
performed using stochastic Monte
Carlo simulation to evaluate how
resource availability' impacts portfolio
performance over a wide range of
possible futures. Also, since a recall of
Mist storage capacity from interstate
storage in 2019-20 is the only
expected supply resource acquisition
planned for the period covered by the
Action Plan in this IRP (the next 2-4
years), this chapter will make clear
there is very little risk that adding Mist
Recall to the Company’s supply
resource portfolio in flexible amounts
as is called for in the Action Plan will
result in a portfolio that does not
represent the best combination of cost
and risk for customers (i.e., resource
decisions where risk analysis is more
critical will be made in future IRPs-

1

K

\—

The three resource availability possibilities being considered: (1) no new regional interstate pipeline is

KEY FINDINGS

~

Key findings in this chapter include the following:

e NW Natural’s stochastic supply resource risk analysis utilizes
Monte Carlo simulation methodology that is new to this IRP.

e The goal of stochastic risk analysis is to test the sensitivity of
expected resource decisions to assumptions about prices,
weather, resource costs, and customer growth that are known to
be uncertain.

e NW Natural’s current resources serve to mute the difference in
PVRR across portfolios in different futures of the stochastic risk
analysis as they will make up the majority of the resource stack
over the planning horizon even when considering resources
acquired to accommodate load growth.

e Since LDCs are in the business of distributing natural gas, variation
in costs in different future environments tends to move in concert
across resource portfolios as fuel switching is not possible.

o ltis only possible to take advantage of supply basin/trading
hub basin differentials if pipeline capacity is held at multiple
basins and seasonal price arbitrage through storage resources

e All Base Case load scenarios (1-4 and 7-9) have identical resource
portfolios through 2020-21 and scenarios 1-4 have identical
resources through 2026-27 and are only significantly different in
the last years of the planning horizon.

o Most variation in costs across portfolios takes place at highly
discounted values

e There is little chance Mist Recall will turn out to be more
expensive than the other long term resource options considered
available (though as-of-now-unknown short term citygate delivery
options or recall agreements could be competitive).

¢ Load growth uncertainty is not a considerable risk to resource
choice in the short term since Mist Recall is flexible and the
amount recalled can be determined one year in advance of need.

e Resource choices that carry considerable customer risk will be
decided in future IRPs.

e Feedback on the stochastic risk analysis methodology is important
so the tool is ready to go in case a decision with a reasonable
degree of risk needs to be made.

constructed during the planning horizon, (2) one of the three new regional interstate pipelines analyzed is
constructed and available for subscription on a timeline chosen by NW Natural, and (3) one of the new regional
pipelines is constructed and available for subscription starting in 2021-22 only with a decision required in the

near future.
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likely more than 5 years out in time). However, while resource decisions where stochastic risk analysis is
highly valuable will not be made in this IRP, this Chapter is new to the 2016 IRP and a review of the
methodology and how NW Natural plans to apply it when resource decisions that carry a reasonable
amount of risk are required is relevant and important.

2. STOCHASTIC SIMULATION OVERVIEW

As is detailed in chapter 8, after resource choices are made for each scenario through deterministic peak
planning which includes a peak day, a week-long peak weather event, and peak heating season in each
year of the planning horizon to ensure adequate resources are available, normal weather optimization is
completed on the resulting portfolios to determine the expected PVRR under “Base Case” conditions
under each scenario. Stochastic risk analysis is completed on each of these same portfolios through two
separate Monte Carlo simulations and their subsequent optimizations to estimate the PVRR for each
scenario under a wide variety of possible future environments® to determine if the expected least-cost
resources remain the best option for customers in a majority of possible future environments. If not,
least cost and lowest risk are at odds and the best combination of least cost and risk for customers
needs to be decided.

2.1. Simulation 1: Variable Costs with Prices and Weather as Stochastic Inputs

Weather and commaodity price (inclusive of trading hub basin differentials) uncertainty are simulated
using SENDOUT®’s stochastic Monte Carlo facilities which includes a redispatch (optimization) of the
resource portfolio for each simulation draw for each day in the planning horizon. Each of 100 simulation
draws generates daily price and weather for each trading hub and load center, respectively, by randomly
drawing from defined distributions so that each resulting draw (or “future”) is different than the Base
Case future but in a way that is consistent with the best approximation of the uncertainty of each
component. A correlation matrix defined from historical data also establishes the relationship of the
prices between trading hubs, the weather between load centers, and the prices at each trading hub to
the weather at each load center so that each draw represents a “future” that is representative of the
real world. The same 100 futures are used for each resource portfolio so that the PVRR for each
portfolio can be compared for each simulated future/draw/future environment. Note that after the
simulation is run a complete cost minimizing optimization is run for each future for each portfolio to
determine the PVRR of the variable costs for the portfolio. Now both of the stochastic inputs in the first
simulation are described in more detail:

Stochastic Input #1—Commodity Prices: The mean of the distribution for natural gas prices through time
at each of the five relevant trading hubs® is defined by the consultant price forecast detailed in chapter 2
for each month of the planning horizon. The distribution (lognormal distribution) and standard deviation
for the stochastic price draws is defined by historical price variation and an assessment of the current
market.* Though price distributions are defined on a monthly time frame SENDOUT®’s Monte Carlo

2 A single “future environment” means one combination of assumed prices, resource costs, and weather and is

often called a single “future” which is represented by one “draw” in a Monte Carlo simulation

AECO, Rockies (Opal), Sumas, Malin, and Station 2.

* Price volatility has generally been lower since the “shale gale” so volatility in the last three years is more heavily
weighted than volatility before this time.

3
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feature simulates a price for each day in the planning horizon at all of the relevant trading hubs. Figure
9.1 is an example used to show the results of the simulation across draws with a box and whisker plot
representing the distribution of the average of daily prices in January across the 100 draws of the
simulation for each year in the planning horizon at the AECO trading hub in real terms (20165).>°

Figure 9.1: Variable Cost Stochastic Input #1- Prices (January AECO Example)

Note, consistent with the historical reality of natural gas prices, the shape of the lognormal distribution
can be seen with the outliers being on the high end of the scale but most of the price outcomes being
much lower.” Also important to point out as it relates to storage operations and the option value that
storage resources provide is that while in the Base Case price forecast winter prices are higher than
prices the previous summer for every year in the planning horizon (which is the expected situation in
normal conditions), this is not true for all years in each draw, which is a more realistic representation of
reality. It is also key that the draw with the highest price at some point in time at the beginning of the
planning horizon is not necessarily (and is in fact unlikely to be) the draw with the highest price later on
in the planning horizon, indicating how each simulated price path acts more realistically in that it might
“wander” higher and lower throughout the planning horizon as actual prices have shown to do through
time.

The contemporaneous difference in prices between trading hubs (or the basin differentials) are highly—
though not perfectly—correlated, with the correlations defined by historical relationships. Therefore,

> January is chosen for exemplary purposes since it is typically the coldest month of the year and NW Natural’s
load is space heating driven and AECO is the trading hub chosen for representation since in recent years NW
Natural has purchased more gas from AECO than other trading hubs.

® The simple average of the daily prices in January at AECO for one draw for each year represents one data point
in the distribution summarized by the box and whisker plot.

" In only 2033 are 75 of the 100 draws not less than $5/Dth.
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the basin differentials between trading hubs vary across draws and through time within draws. Basin
differentials represent one of the largest sources of relative variation in PVRR between the portfolios
across draws, as basin optimization is one of the very limited variables within the an LDCs control to
minimize variable costs.

Stochastic Input #2—Weather: The mean, standard deviation, and distribution (normal) for weather are
defined by 30 years of daily weather history for each of the load centers modeled by NW Natural and
represented by monthly heating degree days (HDDs). To exemplify the variation in weather across draws
of the simulation Figure 9.2 shows boxplots of the average monthly temperature for January (though
like prices the simulation actually generated daily temperature values) in the Central Portland load
center by year in the planning horizon. Since NW Natural’s service territory is not drastically diverse
climatically weather is highly, though not perfectly, correlated across load centers, with the correlation
defined by the actual correlation over the last 30 years. A correlation between the weather at each load
center and the price at each trading hub is also defined from historical correlations.

Figure 9.2: Variable Cost Stochastic Input #2- Weather (Central Portland Load Center January Example)

Weather and prices are not highly correlated, even in winter months, because the weather-price
relationship is driven primarily by North American weather as a whole. Since weather in the Portland
area is not strongly correlated with weather continent-wide, weather in NW Natural’s service territory is
not strongly correlated with natural gas prices at the relevant trading hubs of the Pacific Northwest.
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2.2. Simulation 2: Fixed Costs With Supply Resource Option Costs As the Stochastic Input

Stochastic Input #3—Supply Resource Option Costs: Uncertainty in the costs® of the supply resource
options considered is simulated with a Monte Carlo analysis separate from Simulation 1.° Supply
resource costs are typically represented in a dollars per Dth of daily capacity form® and are fixed costs
since they are typically reservation charge payments paid monthly regardless of the utilization of the
contracted capacity. Resource costs are a large driver of the difference in PVRR across portfolios and the
assumptions about prospective resource costs could impact the position of a given resource as the
expected least-cost option to meet customer needs. For example, if two resource options—one with an
expected cost of $0.50/Dth of Daily Capacity and the other with an expected cost of $0.55/Dth of Daily
Capacity, with both sourcing gas at the same trading hub so that the expected variable costs associated
with either option are equal—have different levels of relative cost risk (so that it is possible with a
reasonable degree of certainty that the $0.50/Dth of Daily Capacity option could turn out to be
$0.75/Dth of Daily Capacity but highly unlikely the $0.55/Dth of Daily Capacity option could turn out to
be above 0.65/Dth of Daily Capacity) it may make sense to choose the option that is not expected to be
the least-cost option to mitigate the higher risk associated with the option that is lowest cost in the
expected case.

Table 9.1 summarizes the distributions used to simulate the supply resource costs for the options
considered in this IRP and figure 9.3 shows the results of the simulation of 100 cost outcomes for each

supply resource option considered.

Table 9.1: Supply Resource Option Costs and Potential Deviations (2016S$)

Supply Resource Capacity Rates ($/Dth of Daily Capacity)
Low Mid High - +
Mist Recall 50.050 50.055 $0.110 10% | 100%
Christensen Compressor $0.189 | $0.210 $0.294 | 10% | 40%
North Mist 1I-A $0.483 $0.503 $0.584 15% | 30%
North Mist II-B 50.429 50.446 $0.515 15% | 30%
Sumas-Local $0.774 $0.880 $1.100 12% | 25%
Regional Interstate Pipeline | $0.385 | $50.499 50.660 | 23% | 32%

The regional pipeline costs and their distribution (low and high estimates) are defined from a cost study
by a third party consultant™ and information provided by the interstate pipeline companies and
combined into one resource notated as the “Regional Interstate Pipeline.” Mist Recall costs and

8 .
In the form of revenue requirement.

Note that this implies that resource cost variation, which is related to permitting and construction cost
uncertainty, is not correlated with variation in weather or natural gas prices. Given this independence,
separating resource cost uncertainty into a separate simulation provides the exact same results one would
obtain by combining fixed and variable cost uncertainty into one simulation within SENDOUT® but would result
in 100 times the modeling run time.

10 Meaning, for example, if a resource cost is $0.50/Dth of daily capacity and 10,000 Dth/day are contracted the
annual payment for the resource in a nonleap year is $0.50* 10,000 *365 = $1.825 million and is the same in all
nonleap years.

! see Confidential appendix 7 in NW Natural’s 2014 IRP for this report from Willbros Group, Inc.

9
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distribution characteristics are defined by current Mist accounts and the potential cost of service impact
of the Mist Asset Management program. Christensen Compressor costs have been estimated by NW
Natural engineers with the distribution defined by the greenfield definitions for compressor stations in
the third-party consultant report. North Mist II1A and North Mist IIB for core customers costs are defined
by the most recent available contractor bid for the North Mist Expansion for PGE that includes
substantial customer contractual cost risk protections with the distribution defined by NW Natural
expertise and stakeholder recommendation. As is typical with large construction projects, each resource
option is more likely to experience cost overruns of a given magnitude than they are to experience a
savings relative to the current projected cost of the same magnitude (i.e., upside risk is greater than
downside risk/benefit for all options). Note, however, that while the risk is asymmetric for all of the
resource options, the asymmetry is not equivalent across resources.

Figure 9.3: Fixed Cost Stochastic Input- Supply Resource Costs (2016$)

While keeping in mind that supply resource option costs do not represent all of the difference in cost
between portfolios for any given future (as the variable cost component that is estimated in Simulation
1 and its subsequent optimizations must be considered as well to estimate total portfolio PVRR), Mist
Recall is the lowest-cost option available to customers and there is no overlap in the range of Mist Recall
fixed costs with the cost ranges of the other supply resource options. Additionally, the Christensen
Compressor is lower cost than each of the other options other than Mist Recall for the fixed cost
component and there is no overlap in the fixed cost outcomes. There is, however, considerable overlap
in the fixed-cost estimate ranges of both North Mist IIA and B with that of the prospective regional
interstate pipeline projects, making a choice between these options more inherently risky. Note,
however, that NW Natural does not face a choice between these resource options in this IRP and is
unlikely to face a decision on these resource in the next IRP.
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2.3. Combining Simulations 1 and 2

After both simulations are complete every possible combination of outcomes from the two simulations
is paired to determine the net present value of costs of each of the nine scenarios under the resulting
10,000 prospective future environments. However, since NW Natural cannot control which interstate
pipeline will be built, the results from scenarios 2 (Pacific Connector (PC) is available with timing chosen
by NW Natural (NWN)), 3 (Trail West (TW) is available with timing chosen by NWN), and 4 (Sumas
Expansion Regional SE(R) is available with timing chosen by NWN) are combined so that the 10,000
PVRR results from each scenario are combined into a “Regional Pipeline NWN Timeline” option that
includes 30,000 PVRR outcomes. Each of these outcomes is compared (ranked) against the PVRR of the
equivalent future for the “No Regional Pipeline” option (scenario 1). This same process is completed for
scenarios 7, 8, and 9 (the “Regional Pipeline-2021” option), which are the same as scenarios 2, 3, and 4
except regional interstate pipeline capacity is available starting in 2021-22 and must be evaluated now
or the opportunity to pick up capacity will be foregone forever (which is covered in more detail in
chapter 8)." These 30,000 PVRR outcomes are also compared against the “No Regional Pipeline” option
to evaluate the likelihood that picking up capacity in 2021-22 is preferable to not acquiring any regional
pipeline capacity within the planning horizon (which is a more likely scenario than NW Natural being
able to bring on capacity on its own timeline).

These results are then tested for customer growth uncertainty by completing both simulations again for
the low and high load growth scenarios (5 and 6) under the assumption that none of the three regional
pipeline projects goes forward.

3. STOCHASTIC RISK ANALYSIS RESULTS

3.1. Results Framing and Important Considerations

Before proceeding, note again that NW Natural does not have a preferred portfolio and it is not
appropriate to compare the PVRR of the portfolios for each of the scenarios detailed in chapter 8 and
conclude that one portfolio shows as the least-cost scenario for NW Natural’s customers, as the only
interstate pipeline option NW Natural has control over is the Sumas Expansion Local (SE(L)) project,
which is a NW Natural specific expansion.” If one of the potential regional interstate pipeline projects
(of Trail West, Sumas Expansion-Regional, and Pacific Connector) shows as the least-cost alternative it
does not mean the Company can plan on subscribing to that pipeline because it may not be built and
available for subscription.

Additionally, most of the scenarios considered under the Base Case assumptions (scenarios 1, 2, 3, and
4) result in the exact same resource portfolio through 2026-27 and scenarios 7, 8 and 9 have identical
portfolios as the other Base Case assumption portfolios until the forced timeline interstate pipeline
acquisition in 2021-22. This means that each of these scenarios will have identical PVRRs through 2020-
21 and scenarios 1, 2, 3, and 4 have identical portfolios through 2026-27 in each of the 30,000 futures.

2 Note again that NW Natural is not currently faced with this decision and, though it is possible, does not expect it
will be faced with a similar decision before the next IRP.

B Which is another way of saying that NW Natural does not control any of the Regional Interstate Pipeline
projects.

9.7



NW Natural 2016 Integrated Resource Plan
Chapter 9
Stochastic Supply Resource Risk Analysis

Moreover, under the high- and low-growth scenarios (5 and 6), only the timing of Mist Recall and the
Christensen Compressor are different from the base case assumption portfolios in the first 10 years of
the planning horizon and the earliest the Christensen Compressor is called for is 2021-22 (in the high-
load growth scenario). Consequently, the only resource decision that is likely to be required before the
next (2018) IRP is the level and timing of Mist Recall. As Mist Recall is by far the lowest cost resource
option in terms of fixed resource costs and on system storage allows both basin and seasonal
optimization so that Mist Recall is also associated with low variable costs, it is hard to imagine a scenario
where recalling Mist capacity would retrospectively turn out not to be the least-cost resource.™ Since
the primary function of this risk analysis is to determine the risk that a resource decision will turn out
not to be the lowest cost option retrospectively, this means the decision to include an Action Item
related to Mist Recall carries little cost risk. Furthermore, Mist Recall is more flexible than most
resources since it can be added in small increments on a flexible timeframe with a relatively short lead
time (decisions for Mist Recall are made in the summer for a recall the following spring).

Also, since the Company currently holds nearly 1,000 MDT of supply resource capacity for a peak day
and gradually adds resources to hold roughly 1,200 MDT of peak day capacity by the end of the planning
horizon, most of the costs for each of the portfolios are tied to resources currently held to meet existing
needs and therefore do not vary across scenarios. In fact, as is shown in chapter 8, in the last year of the
planning horizon (2035-2036) the difference in resources between all of the portfolios using the Base
Case assumptions represents less than 3 percent of the total daily capacity expected to be held to meet
peak needs.”

Lastly, resources in every portfolio distribute the same fuel regardless of the supply resource being
considered, so the relative asymmetries in costs of resources that exist in electricity generation fleets,
where different resources have drastically different cost profiles and operating/fuel costs, is not
present.’ In summary, the difference in costs across portfolios and across draws for any given future
tends to be small in PVRR terms. That being said, the small differences in costs across portfolios are
driven primarily by three factors: (1) the difference in fixed costs of the resource options being
considered; (2) price basin differentials and the supply basins/trading hubs associated with the different
resource options; and (3) the difference between storage and pipeline resources as they relate to
seasonal price spreads and the ability to purchase gas at the cheapest available basin for storage
resources where pipeline resources are typically tied to purchasing gas at a particular supply basin.

" Note that short-term citygate delivery (see chapter 3) contracts may be lower cost than Mist Recall and, if the
opportunity to contract a citygate delivery is expected to provide customer benefits relative to Mist Recall, NW
Natural will take advantage of this opportunity. The availability and price of citygate deliveries is uncertain.

> Less than 32 MDT of daily capacity is different between the portfolios.

'® Note that the expected carbon intensity of all of the portfolios is also expected be identical so even though
carbon policy costs are a major risk to customers they do not impact supply resource choice since differences in
the incremental carbon policy adders would impact all of the portfolios in concert rather than asymmetrically.
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3.2. Results Part A: Regional Interstate Pipeline Is Available on NW Natural’s
PreferredTimeline

Again, while a decision on subscription of a regional interstate pipeline is not imminent, this section
shows how the Company would analyze the decision if a pipeline were to move forward and it was
expected that the pipeline would not be fully subscribed upon completion so that the Company could
subscribe on the timeline that is the lowest cost for customers.

Figure 9.4 shows the frequency distribution of the simulation PVRR results for the 30,000 future
environments for the “No Regional Pipeline” availability scenario (scenario 1) to provide an example of
the final results from combining the fixed and variable cost simulation process results. Notice that the
mean of the PVRRs of all the draws as well as the 95" and 99" percentile draws are depicted with
vertical lines. The 95" and 99™ percentile confidence bands are shown to represent the upside risk of a
given resource portfolio.

Figure 9.4: Stochastic Risk Analysis Final Results- No Regional Pipeline Example

Figure 9.5 compares the frequency distributions of the “No Regional Pipeline” availability scenario
(figure 9.4) with the “Regional Pipeline NWN Timeline” availability scenario to compare the relative
difference in PVRR distributions across simulation draws as well as compare the means, 95", and 99"
percentiles (shown with the respective colors of the different distributions on each graph segment).

9.9



NW Natural 2016 Integrated Resource Plan
Chapter 9
Stochastic Supply Resource Risk Analysis

Figure 9.5: Comparing Simulation Distributions with and without a Regional Pipeline Available
Final Monte Carlo Results- PVRR Outcomes by Resource Availability
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Since the future where the regional pipeline is not available is the result that is expected if a regional
pipeline project were constructed and NW Natural decided not to subscribe, comparing the two graphs
in the figure is a helpful tool in deciding if it is in customers’ interest to subscribe to a regional interstate
pipeline were one to be available. As can be seen from the graphs in figure 9.5, if a regional pipeline is
available along a timeline of NW Natural’s choosing"’ the mean, 95" percentile and 99" percentile
PVRRs for the regional interstate pipeline subscription future are all cheaper than if a regional pipeline is
not available.

However, it is more enlightening to determine under how many of the 30,000 simulation
draws/futures/future environments analyzed it would be least cost to subscribe to the pipeline and how
many future environments it would be least cost to not subscribe to the regional interstate pipeline
were one available. Figure 9.6 shows the same distributions as figure 9.5 in boxplot form and a summary
of the ranking of the portfolio’s for each draw analyzed (a rank of one means the portfolio is lower cost
for that future/draw whereas a rank of two means the portfolio is the higher cost of the two portfolios
for that future) and the PVRRs at different points on the distribution of each portfolio.

" The most obvious way this would be possible would be a pipeline is built but not fully subscribed so capacity is
available for subscription at any time, much like it is possible to contract capacity on TransCanada’s Gas
Transmission Northwest (GTN) pipeline today as there is capacity available for subscription.
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Figure 9.6: Regional Pipeline Capacity Acquisition Decision if Timeline Could be Chosen by NWN
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The table in figure 9.6 shows that in more than 98 percent of the future environments it would be least
cost for NW Natural to acquire regional interstate pipeline capacity if it were available and not fully
subscribed (so that NWN could chose the timing of acquisition). Therefore, there is a high degree of
confidence (low risk) this decision would turn out to be the least-cost option for customers. Again, this
analysis is primarily for exposition purposes as a decision on pipeline subscription is not imminent and
the difference between portfolios is only in the last few years of the 20-year planning horizon. As a
decision about acquisition becomes closer in time in future IRPs the variation between portfolios would
increase as the differences in portfolios would not be as highly discounted and more years in the PVRR
calculation would have cost differences.

3.3. Results Part B: Take It or Leave Decision on Pipeline Capacity Available at One Point
inTime

To show an important way the stochastic risk analysis would be applied to a resource decision that
would likely carry a fair degree of risk and to analyze one of the major risks NW Natural could face— the
in-service timing of regional interstate pipeline projects beyond its control— an example where the
Company must decide to subscribe to a regional interstate pipeline under a forced timeline is used. The
most likely instance of this would be a binding open season before construction begins on a pipeline
where it is expected that upon completion the pipeline would be fully subscribed. In this case the
Company would be presented with a “take it or leave it” opportunity to acquire interstate pipeline
capacity. While NW Natural believes this situation is highly unlikely to occur within the next couple of
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years, it is not entirely implausible that the Company could face this decision regarding one of the
prospective regional pipeline projects before the next IRP, so the method of risk analysis is presented
here to detail the risk analysis that would be completed in such a situation (this is the analysis extending
scenarios 7, 8, and 9 from chapter 8). Figures 9.7 and 9.8 are the same graphs as figures 9.5 and 9.6
under the constraint that NW Natural must acquire the interstate pipeline capacity in 2021-22 or not
have the opportunity to subscribe indefinitely.

Figure 9.7: Comparing Subscribing to a Regional Pipeline Project in 2021-22 or not at all
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Figure 9.8: Regional Pipeline Capacity if Faced with Take-it-or-Leave-it Starting in 2021-22 Decision
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As figures 9.7 and 9.8 detail, if a decision had to be made to subscribe to a regional pipeline project now
for a subscription starting in 2021-22 (or never) the decision is not as clear cut as it is if the Company can
choose its own timeline (where the lowest cost option is to choose to pick up pipeline capacity 8 years
later in 2029-30). Whereas over 98 percent of the simulation draws show it would make sense to
subscribe to the interstate pipeline if NW Natural could chose the timeline, it would be lower cost to
subscribe to the pipeline in 2021-22 in roughly 2/3 of the simulation draws. Additionally, while it is
expected that subscribing to the pipeline would be the least-cost option (the mean is lower than not
acquiring the capacity), at the 95" percentile the least-cost option is choosing to not subscribe to the
pipeline.'® While this analysis is informative, should an actual pipeline project that was expected to be
fully subscribed upon completion move forward, the Company could use the cost estimates of that
specific project to do the deterministic and stochastic risk analysis as opposed to lumping the three
potential pipelines into one grouping since it is not known which, if any, project will go forward.

1 Interestingly, at the 99" percentile it is cheaper to subscribe to the pipeline as opposed to not subscribing.
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4. KEY

FINDINGS

NW Natural’s stochastic supply resource risk analysis utilizes Monte Carlo simulation
methodology that is new to this IRP.

The goal of stochastic risk analysis is to test the sensitivity of expected resource decisions to
assumptions about prices, weather, resource costs, and customer growth that are known to be
uncertain.

NW Natural’s current resources will make up the majority of the Company’s resource stack over
the planning horizon even when considering resources acquired to accommodate load growth
and therefore serve to mute the differences in PVRR across portfolios in different futures of the
stochastic risk analysis.

Since LDCs are in the business of distributing natural gas, variation in costs in different future
environments tends to move in concert across resource portfolios as fuel switching is not
possible.

o ltis only possible to take advantage of supply basin/trading hub basin differentials if
pipeline capacity is held at multiple basins and seasonal price arbitrage through storage
resources.

All Base Case load scenarios (1-4 and 7-9) have identical resource portfolios through 2020-21
and scenarios 1-4 have identical resources through 2026-27 and are only significantly different
in the last years of the planning horizon.

o Most variation in costs across portfolios takes place at highly discounted values

There is little chance Mist Recall will turn out to be more expensive than the other long-term
resource options considered available (though as-of-now-unknown short-term citygate delivery
options or recall agreements could be competitive).

Load growth uncertainty is not a considerable risk to resource choice in the short term since
Mist Recall is flexible and the amount recalled can be determined one year in advance of need.
Resource choices that carry considerable customer risk will be decided in future IRPs.

Feedback on the stochastic risk analysis methodology is important so the tool is ready to go in
case a decision with a reasonable degree of risk needs to be made.
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1. TECHNICAL WORKING GROUP

The Technical Working Group (TWG) is an integral part of developing NW Natural’s resource plans.
During this planning cycle, the Company worked with representatives from Citizens’ Utility Board of
Oregon; Energy Trust of Oregon; Northwest Industrial Gas Users; Northwest Pipeline Corporation; the
Public Utility Commission of Oregon staff; the Washington Utilities and Transportation Commission staff;
and the Northwest Gas Association.

NW Natural hosted five TWG meetings and one conference call as part of its 2016 IRP process. Below is
a brief summary of each meeting.

e TWG No. 1 held on Jan. 13, 2016
NW Natural reviewed the 2014 IRP and results of the updated load forecast, including new
methodology to forecast customer counts and use per customer.

e TWG No. 2 held on Feb. 10, 2016
NW Natural reviewed existing resources and invited Northwest Pipeline and TransCanada to
discuss regional natural gas resources. The Company also provided an update on Salem and
discussed the potential North Mist Expansion for the Core. On the distribution side, the
Company provided an overview of distribution system modeling and an update on other
resources.

e TWG No. 3 held on March 17, 2016
NW Natural invited Energy Trust of Oregon to discuss the demand-side management forecast.
The Company reviewed environmental regulations, legislation, carbon adders, the natural gas
price forecast, avoided costs, and the post DSM load forecast.

e TWG No. 4 held on May 24, 2016
NW Natural presented the preliminary portfolio results, updated participants on the South
Salem feeder project, and discussed Mist Asset Management. The Sherwood and Eugene
distribution projects were addressed. Plans for the June 22 TWG agenda and timing for the draft
IRP release and review process was also discussed.

e TWG No. 5 held on June 22, 2016
NW Natural discussed a potential pilot program for geographically targeted accelerated DSM,
and a potential methane emissions reduction certification pilot. The draft IRP Action Plan was
reviewed and the draft IRP review process was discussed.

Appendix 10 contains the sign-in sheets for each TWG meeting.
e In addition to these meetings, TWG participants were invited to participate in a call on July 18,

2016, to review chapter 9 on the Stochastic Risk Analysis as it was not complete at the time of
the June 22 TWG meeting. The call was also an opportunity to ask questions on the draft IRP.

10.1



NW Natural 2016 Integrated Resource Plan
Chapter 10
Public Participation

2. PUBLIC PARTICIPATION

NW Natural invited customers to participate in the resource planning process by hosting a public
meeting on the evening of July 20, 2016. A bill insert sent to all customers in June 2016 billings informed
customers about the IRP process, welcomed customers to submit comments, and invited customers to
attend the public meeting. No customers attended the July 20 public meeting or submitted comments.
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Single Data Point When Grouped by Billing Month
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Single Data Point When Grouped by Temperature
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes

73



NW Natural 2016 Integrated Resource Plan
Appendix 2 - Gas Requirements Forecast

LC rate_class=C1

district_code

pdnae

2A.74

50 55 60
avtemp

45

40

O avupd  e— pred?

74



NW Natural 2016 Integrated Resource Plan
Appendix 2 - Gas Requirements Forecast

2A.75

Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes

80



NW Natural 2016 Integrated Resource Plan
Appendix 2 - Gas Requirements Forecast

2A.81

Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Forecast Material — Strictly for IRP Use — Not for Use for Investment Purposes
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Mist Storage Facility Assessment is Confidential

e Subject to General Protective Order No. 16-044 in Oregon
e Subject to WAC 480-07-160 in Washington
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The following list depicts all emerging technology measures screened in the resource assessment model.

Measure Name

Com - AC Heat Recovery, HW

Com - Advanced Ventilation Controls

Com - Energy Recovery Ventilator - Gas Heating

Com - Gas-fired HP HW

Com - Gas-fired HP, Heating

Com - Highly Insulated Windows (NEW)

Com - Highly Insulated Windows (RET)

Com - Smart/Dynamic Windows (NEW)

Com - Smart/Dynamic Windows (RET)

Com - VIP, R-35 wall (NEW)

COM - VIP, R-35 wall (RET-no insl'n)

Com - VIP, R-35 wall (RET-R-11)

Ind- Gas-fired HP Water Heater

Ind- Wall Insulation- VIP, RO-R35

Res - AFUE 98/96 Furnace, Z1

Res - AFUE 98/96 Furnace, Z1 - SF

Res - AFUE 98/96 Furnace, Z1 (NEW ONLY)

Res - AFUE 98/96 Furnace, 72

Res - AFUE 98/96 Furnace, Z2 - SF

Res - AFUE 98/96 Furnace, Z2 (NEW ONLY)

Res - Window Replacement (U<.20), Gas SH, Z1

Res - Window Replacement (U<.20), Gas SH, Z1 (NEW ONLY)

Res - Window Replacement (U<.20), Gas SH, Z1, MH

Res - Window Replacement (U<.20), Gas SH, Z2

Res - Window Replacement (U<.20), Gas SH, Z2 (NEW ONLY)

Res - Window Replacement (U<.20), Gas SH, Z2, MH

Res - Wx insulation (ceiling), NEW, ET, Gas SH, Z1

Res - Wx insulation (ceiling), NEW, ET, Gas SH, Z2

Res - Wx insulation (ceiling), RET, ET, Gas SH, Z1

Res - Wx insulation (ceiling), RET, ET, Gas SH, Z2

Res - Wx insulation (wall), NEW, ET, Gas SH, Z1

Res - Wx insulation (wall), NEW, ET, Gas SH, 72

Res - Wx insulation (wall), RET, ET, Gas SH, 71

Res - Wx insulation (wall), RET, ET, Gas SH, 722

Res Absorption Gas Heat Pump Water Heater-Z1

Res Absorption Gas Heat Pump Water Heater-Z1 (NEW ONLY)

Res Absorption Gas Heat Pump Water Heater-Z2

Res Absorption Gas Heat Pump Water Heater-Z2 (NEW ONLY)

Res Smart Devices Home Automation (NEW)

Res Smart Devices Home Automation (RET)
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Appendix 7 includes, for each of the Sherwood and Eugene Reinforcement projects, the
estimated cost range and a point estimate of the present value of revenue requirements (PVRR)
for the preferred supply-side alternative; an alternative involving an alternate pipeline route
(Sherwood/124™ Avenue Extension only); and a satellite LNG facility. NW Natural discussed
aspects of the different supply-side alternatives appearing in the tables below in the Technical
Working Group meeting with Stakeholders held on May 24, 2016.

Table 7A.1: Cost of Alternatives for Sherwood/ 124™ Avenue Extension Project

Millions of $2015

2017 2018 2019
2.5 miles - 6” HP Pipe S2.7 $5.9
Alternate Route $6.4 S13.4
Satellite LNG $23.3 S44.9
Accelerated DSM Not Feasible
Defined Not Feasible
Interruptibility
Agreements

The preferred supply-side alternative for the Sherwood project is the alternative identified in
table 7A.1 as “2.5 miles of 6-inch high-pressure (HP) pipe.” The alternative identified as “Defined
Interruptibility Agreements” refers to the customer-specific geographically focused defined
interruptibility agreements mentioned in chapter 7.

7A.1
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Table 7A.2: Cost of Alternatives for Southeast Eugene Project

Millions of $2015

2018 2019
2.5 miles - 8” HP Pipe S5.0 $10.0
Alternate route Not feasible
Satellite LNG $23.3 $44.9
Accelerated DSM Not Feasible
Defined Interruptibility Not Feasible
Agreements

The preferred alternative for the Eugene project is the alternative identified in table 7A.2 as
“2.5 miles of 8-inch high-pressure (HP) pipe.” The alternative identified as “Defined
Interruptibility Agreement” refers to the customer-specific geographically focused defined
interruptibility agreements mentioned in chapter 7.
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