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Executive Summary 

This study investigates the adequacy of gas infrastructure in the Western 

Interconnection to meet the needs of its electric sector. The study is divided 

into two phases:  

Phase 1. Will there be adequate natural gas infrastructure (interstate and 

intrastate), including storage, to meet the needs of the electric industry 

in the Western Interconnection approximately ten years in the future? 

Phase 2. Will the gas system have adequate short-term operational 

flexibility to meet increased volatility in hourly electric industry natural 

gas demand due to higher penetration of variable renewable resources 

in the Western Interconnection? 

The purpose of investigating these questions is threefold: (1) to focus the 

regional dialogue on gas-electric coordination issues; (2) to assess the 

magnitude of potential issues and the regions affected; and (3) to provide 

guidance to policymakers, regulators, pipeline companies, and electric sector 

planners on actions that may be needed to overcome potential challenges 

resulting from the reliance on natural gas for power generation. 

In the past two decades, the North American power sector’s reliance on natural 

gas for electric generation has grown significantly. Low gas prices, 



 

 
 

P a g e  | 5 | 

 Executive Summary 

© 2014 Energy and Environmental Economics, Inc. 

environmental regulations, and improving technologies have all contributed to 

rapid and sustained investment in new gas-fired power plants across the 

continent. Natural gas generation has, in many parts of the country, become the 

default resource for new generation, and the reliability of the power sector has 

become fundamentally dependent on the ability of natural gas infrastructure to 

supply gas to generators at the moment it is needed.  

This increased reliance on natural gas has recently become a cause for concern. 

While the natural gas and electricity industries evolved independently, 

developing different vocabularies, conventions, and standards, they have now 

become intimately interdependent. Recent events around the country have 

highlighted challenges and vulnerabilities faced by the power sector in its choice 

to rely on natural gas: 

 In several parts of the Eastern Interconnection, constraints on natural 

gas infrastructure have led to local gas shortages and extreme spot 
market prices during recent winters. New England ISO, New York ISO, 

and the PJM Interconnection have each experienced events where such 
constraints prevented natural gas generators from operating when 
called upon. This systemic issue is primarily a result of the widespread 

reliance of the natural gas fleet upon interruptible transportation 
services. 

 In February 2011, cold weather in Texas led to natural gas supply 
shortages due to wellhead “freeze-offs.” Reduced production from the 

Permian and San Juan basins played a contributing role in the loss of 
firm electric load in Texas and portions of the Desert Southwest and 

also resulted in a substantial reduction in the volume of gas flowing to 
California. 
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 In February 2014, Southern California Gas curtailed a number of non-
core customers—including electric generators—in response to supply 

shortages at the California border. The shortage of gas at the border 
resulted from a continent-wide natural gas price surge; in response, 

shippers with firm contracts to deliver gas to California diverted gas to 
more profitable markets. While California’s electric reliability was 

preserved throughout the curtailments, this event provides a recent 
reminder of the vulnerability of the electric sector resulting from its 

reliance on natural gas. 

While such concerns have received increased attention in national energy 

planning forums, the Western Interconnection looks ahead toward a decade of 

potential changes that could fundamentally alter the nature and magnitude of 

its reliance upon natural gas. Increasingly stringent federal emissions standards 

and a growing preference for environmentally preferred resources have 

accelerated the retirement of Western coal resources. At the same time, many 

states continue their pursuit of aggressive Renewable Portfolio Standard (RPS) 

targets; the development of these resources impacts how and when natural gas 

is needed to ensure electric system reliability. 

The Western Interconnection encompasses a broad and diverse geography. In 

order to evaluate the adequacy of natural gas infrastructure to meet the needs 

of the electric sector, this study takes a regional approach that divides the 

Western Interconnection into ten regions to better understand the 

characteristics of each one (see Figure 1). The geography selected for this study 

was developed with consideration for a number of factors, including the 

characteristics of existing natural gas and electric infrastructure, the regulatory 

authority, and the structure of wholesale markets. 
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Figure 1. Regions evaluated in study. 

 

The focus of this study—assessing the long-run ability of gas infrastructure to 

meet the needs of the electric sector—is inherently tied to the way that gas 

transportation services are structured and used by the electric sector in each 

region. Rather than examining whether today’s gas infrastructure will be 

capable of meeting demand in the long run; this study examines this question 

through the lens of the interaction between the two sectors.  

Most gas in the Western Interconnection is transported on interstate pipelines 

under the regulatory oversight of the Federal Energy Regulatory Commission 

Regional boundaries are representative

Study Regions

AB Alberta

BC British Columbia

CA-N California - North

CA-S California - South

DSW Desert Southwest

GB Great Basin

MT Montana

RM Rocky Mountains

PNW-E Pacific Northwest - East

PNW-W Pacific Northwest - West
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(FERC).1 Since the deregulation of the natural gas industry in the 1980s and ‘90s, 

these pipelines have acted as “common carriers,” offering unbundled 

transportation service to any shipper seeking to transport gas subject to its 

availability. The standard services offered by interstate pipelines fall into two 

broad categories: “firm service,” under which a shipper reserves capacity for 

exclusive use on a natural gas pipeline; and “interruptible service,” under which 

a shipper can transport gas on a day-ahead basis when capacity is otherwise 

available. These two types of service are differentiated not only by their cost 

and quality but in the signal that they send to pipelines. As interstate pipelines 

design and build facilities to meet their obligations under their firm obligations 

to shippers, the firm contract is the long-run determinant of the sizing of 

infrastructure under the FERC regulatory model. 

From within this framework for regulation emerge the two key vulnerabilities 

through which, in the long run, natural gas infrastructure could be unable to 

meet the needs of the electric sector: 

1. If electric generators rely on interruptible transportation service to 

meet their needs, there may be portions of the year in which capacity is 

not available due to its reserved use by firm shippers; and 

2. In the event of a severe infrastructure contingency on the gas system, 

natural gas pipelines may be incapable of meeting the needs of their 

firm customers (as well as any users relying on interruptible service). 

                                                           
1 California’s two intrastate systems, Pacific Gas & Electric and the Southern California Gas Company, are the 
major exceptions, and are regulated under a different model by the CPUC. 
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While gas generators might be unable to secure natural gas in these situations, 

these circumstances alone would not necessarily translate directly to loss of 

electric load. Electric system operators have a number of tools at their disposal 

with which they might react to constraints on natural gas infrastructure; these 

“operational mitigation measures” include scheduling of incremental electrical 

imports, dispatch of resources with backup fuel, redispatch of non-gas 

resources, and deployment of demand response programs. 

Such operational mitigation strategies, whose availability varies by region 

throughout the West, play a key role in electric system operators’ abilities to 

respond in real-time to adverse system conditions. As planners, policymakers, 

and regulators evaluate the vulnerabilities to gas generation and make decisions 

on the need (or lack thereof) for action or intervention, it is critical to consider 

the existence of these operational mitigation strategies alongside the 

vulnerabilities of the gas system. Indeed, in parts of the Western 

Interconnection, the two are inextricably linked: in portions of the Pacific 

Northwest, some generators were built with backup fuel capability to ensure 

their availability for reliability purposes notwithstanding their choice to rely on 

interruptible service for economic reasons. 

The methodology developed for this study evaluates the vulnerabilities 

described above and compares them against select operational mitigation 

strategies. The five-step methodology through which this analysis is conducted 

is illustrated in Figure 2. 
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Figure 2. Analytical steps in the study of gas infrastructure's ability to meet 
electric loads. 

 

To address the uncertainty of the Western Interconnection’s future over the 

coming decade, this study examines four scenarios intended to capture a broad 

range of potential conditions. These scenarios are not intended to serve as 

predictions or forecasts; rather, they serve as instruments for investigating 

potential and plausible long term changes to the electric and gas sectors in the 

Western Interconnection. The four scenarios evaluated include:  

1. Base Case: a “Reference Case” that reflects current policy and trends in 
the electric and natural gas sectors. 

Step 1: Establish regional estimate of “load carrying capability”

Step 2: Forecast demands for natural gas under winter conditions

Step 3: Determine how much capacity will be used by firm shippers

Step 4: Determine whether interruptible loads can be met with available 
capacity

Step 5: Translate curtailments to electric terms and compare to 
operational mitigation strategies

RESULT: Total infrastructure capability

RESULT: Firm/interruptible electric/end 
use loads

RESULT: Capacity available for 
interruptible shippers

RESULT: Possible curtailment of gas 
service to electric generators
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2. High Coal Retirements Case: a scenario in which a large portion of the 
Western Interconnection’s existing coal generation fleet is retired and 

replaced with natural gas generation. 

3. High Renewables Case: a scenario in which utilities pursue renewable 

investment beyond current statutory targets, displacing gas and other 
generation resources. 

4. High Exports Case: a scenario in which new large volumes of gas are 
exported from the Western Interconnection to meet needs of other 

countries. 

Each scenario comprises assumptions regarding the level of gas demand in end 

use sectors (residential, commercial and industrial), among the electric 

generators, and for export to other areas. All four scenarios rely on the same 

underlying assumptions of end use gas consumption, which reflects limited 

growth relative to today’s levels of consumption, consistent with historical 

trends. Changes in the electric sector are studied through production simulation 

modeling, in which the electric sector’s operations under each scenario are 

simulated on an hourly basis across the Western Interconnection (see Figure 3). 

Finally, each scenario makes certain assumptions on the amount of gas to be 

exported from the Western Interconnection: the first three scenarios assume 

the level of export remains at historical levels, while the High Exports Case 

examines the impacts of the growth of exports to Mexico and LNG exports from 

the Pacific Northwest. 
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Figure 3. Changes to electric sector considered in scenarios. 

 

In addition to these scenarios, the study also considers a number of 

“contingencies”—extreme events that might occur within a scenario—and 

sensitivities to lend further detail to the characterization of the gas-electric 

interface in the Western Interconnection. 

Through this analysis, this study reaches a number of key conclusions and 

provides direction for the next steps needed to characterize the issues more 

fully: 

1. The natural gas and electric industries are deeply linked such that 
events and conditions in one may have significant impacts on the 

other. Over the past decade, the gas and electric industry of the 
Western Interconnection have become inextricably linked. The electric 

sector consumes more natural gas than any other in the Western 
Interconnection, and natural gas accounts for more generation in the 
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West than any other single fuel. The level of mutual dependence 
between the two is of such magnitude that they cannot be viewed 

independently, and their interdependence must be considered in each 
industry’s operations, regulation, and long term planning. FERC’s 

ongoing docket to examine the gas-electric interface has encouraged 
such coordination and provides a foundation for continued investigation 

of issues that may emerge in the future. 

2. Under the Base Case, existing gas transportation infrastructure will 

generally be adequate to meet the regional needs of the electric 
sector except under extreme winter weather conditions. The Western 

Interconnection stands in contrast to the regions in the Eastern 
Interconnection whose nearly exclusive reliance on interruptible service 

has caused problems over the past several years. The adequacy of the 
western gas system to meet electric sector needs results from the fact 

that it has been designed with consideration for end use and some 
portion of electric loads—in California as a result of design criteria that 
consider the state’s total consumption of natural gas, and elsewhere 

due to the common practice of electric utilities of purchasing firm 
service to transport fuel on interstate pipelines. However, under certain 

extreme weather conditions—generally those that exceed a 1-in-10 
likelihood—gas infrastructure may be unable to meet the full demands 

of the electric sector. 

3. Gas generation that does not contract for firm transportation service 

may be subject to interruption during times of high gas demand. While 
this study indicates that the risk of curtailments to gas generation is 

generally limited to low-probability events, it does highlight the fact that 
those resources without fuel security through a firm contract may not 

be able to receive gas under all conditions. This finding is not meant to 
suggest that all generators should hold firm contracts, but rather that 

electric sector resource planners should consider this risk alongside the 
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cost of alternatives in reliability and long term resource planning. 
Appropriately assessing this risk requires transparency on the fuel 

procurement practices of generators throughout each region. 

4. The regions of the Western Interconnection are highly interdependent 

in their reliance on natural gas transportation and generation 
infrastructure. Nowhere is this more clearly illustrated than in the 

relationship between the Desert Southwest and California. The Desert 
Southwest is an important source of energy—both natural gas and 

electricity—for California, and conditions upstream in Arizona and New 
Mexico can have important ramifications on the availability of both gas 

and electric power for users California. This relationship highlights the 
fact that regional planning efforts must not only consider infrastructure 

within the region but the conditions and market forces in neighboring 
regions as well. 

5. Interregional coordination will play a key role in responding to gas 
generation curtailments during extreme weather. While the 
interdependence of the West creates a challenge for resource planners 

who consider regional dynamics, the interconnectedness of the West is 
also one of its sources of resiliency. When gas infrastructure is 

constrained in one region, electric system operators may be able to 
schedule electric imports from their neighbors to avoid loss of electric 

load. Taking steps to foster coordination of operations—both within and 
between regions of the West—will help to ensure that constraints on 

gas infrastructure do not translate to loss of electric load. 

6. Events that affect multiple regions simultaneously may pose a threat 

to regional reliability. Electric system operators may not be able to rely 
on their neighbors for support during local extreme weather if multiple 

neighboring systems are simultaneously experiencing similar conditions. 
Similarly, an infrastructure contingency that affects the ability to supply 

gas to multiple regions simultaneously could cause substantial 
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operational challenges. Regional planners may want to take steps to 
ensure that their own systems are capable of withstanding certain types 

of event without having to rely to a greater extent on imports from 
neighboring regions. Such contingencies merit further investigation in 

regional resource planning forums. 

7. Continued growth of the West’s natural gas generation fleet will 

require expansion of natural gas infrastructure to provide fuel 
security. While existing infrastructure is appropriately sized for a world 

in which natural gas consumption is similar to present-day levels, it will 
be increasingly strained if new investments in natural gas generation 

increase any region’s reliance on that fuel. This study’s High Coal 
Retirements Case highlights the need for infrastructure expansion with 

continued growth of the Western Interconnection’s gas fleet, but 
multiple additional drivers could result in similar need—for example, 

higher than anticipated load growth or electrification of other end uses. 
Because the expansion of gas infrastructure requires advance notice, 
planners should be attendant to “signposts” that might signal future 

need for increased gas consumption in the power sector.  

8. The impacts of new large natural gas loads on the adequacy of gas 

transportation infrastructure will depend on the extent to which those 
loads rely upon incremental expansions or existing pipelines. The High 

Exports Case examined in this study highlights the importance of this 
factor. Where export volumes receive service through dedicated new 

capacity, they will not materially impact the adequacy of gas 
infrastructure to meet the needs of the electric sector in the West. If 

export volumes are not met through the construction of new facilities, 
they may have a material impact on local gas generators who rely on 

interruptible service, creating more competition for gas through 
interruptible transportation services. 



 

 

 Natural Gas Infrastructure Adequacy in the Western Interconnection: An Electric System Perspective 

P a g e  | 16 | 

9. Increased coordination between the gas and electric sectors will 
facilitate the interdependency between the two. While this study’s 

analysis suggests that the risks of the electric sector to gas curtailments 
may occur relatively rarely in the Base Case, it nonetheless establishes a 

need for increased coordination between the gas and electric industries. 
The future of the electric sector in the Western Interconnection is 

inherently uncertain. Both regulators and operators would benefit from 
shared understanding of the two systems and their mutual reliance, 

facilitating decisions made both in real-time operations and over the 
long term as the two industries continue to evolve together. 
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1 Introduction 

1.1 Goals of Study 

This study investigates the adequacy of gas infrastructure in the Western 

Interconnection to meet the needs of its electric sector. The study is divided 

into two phases:  

Phase 1. Will there be adequate natural gas infrastructure (interstate and 

intrastate), including storage, to meet the needs of the electric industry 

in the Western Interconnection approximately ten years in the future? 

Phase 2. Will the gas system have adequate short-term operational 

flexibility to meet increased volatility in hourly electric industry natural 

gas demand due to higher penetration of variable renewable resources 

in the Western Interconnection? 

The purpose of investigating these questions is threefold: (1) to focus the 

regional dialogue on gas-electric coordination issues; (2) to assess the 

magnitude of potential issues and the regions affected; and (3) to provide 

guidance to policymakers, regulators, pipeline companies, and electric sector 

planners on actions that may be needed to overcome potential challenges 

resulting from the reliance on natural gas for power generation. With these 

purposes, this study is intended to provide an initial bridge between the two 
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industries in the Western Interconnection, to foster communication and to 

educate participants on both sides of the gas-electric interface in a region where 

dialogue has to date been limited. 

Because of its breadth of scope—both in the geography it addresses and in the 

questions it seeks to answer—this study uses a screening-level approach to 

understanding where and when vulnerabilities might arise. As this analysis 

breaks ground on a question that has not yet been studied in depth across the 

region, it does not attempt to identify every issue that will result from the 

electric sector’s reliance on natural gas definitively, nor does it seek to 

characterize every potential issue fully. Instead, it focuses upon identifying 

potential vulnerabilities through an analysis of targeted scenarios and 

contingencies. Within this framework, assumptions made in this study generally 

err on the side of conservatism to identify potential issues that could occur 

rather than dismissing their possibility. The intent of this framework is to direct 

the focus of planners and regulators to actions that may be needed to enhance 

electric reliability given the increasing reliance on natural gas infrastructure in 

the West by the electric industry. 

This Phase 1 report focuses specifically on the investigation of the question of 

infrastructure adequacy. It evaluates whether the capacity of Western gas 

infrastructure will be sufficient to meet the demands of the electric sector 

under a variety of scenarios and conditions ten years in the future. In doing so, it 

highlights existing and potential future vulnerabilities resulting from the electric 

sector’s reliance on natural gas infrastructure to fuel a large portion of its 

generators. 
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1.2 Study Motivation 

In the past two decades, the North American power sector’s reliance on natural 

gas for electric generation has grown significantly. Low gas prices, 

environmental regulations, and improving technologies have all contributed to 

rapid and sustained investment in new gas-fired power plants across the 

continent. Natural gas generation has, in many parts of the country, become the 

default resource for new generation, and the reliability of the power sector has 

become fundamentally dependent on the ability of natural gas infrastructure to 

supply gas to generators at the moment it is needed.  

This increased reliance on natural gas has recently become a cause for concern. 

The natural gas and electricity industries evolved independently, developing 

different vocabularies, conventions, and standards; they have now become 

intimately interdependent. Recent events have highlighted challenges and 

vulnerabilities faced by the power sector in its choice to rely on natural gas. In a 

number of regions in the country, these concerns have become manifest in the 

operations of the power sector, as constraints on natural gas supply have 

contributed to extreme spot market gas and electricity prices, generator forced 

outages, and ultimately, in the worst case, the need to curtail electric service. 

In response to the growing concerns about electric reliability, both the Federal 

Energy Regulatory Commission (FERC) and the North American Electric 

Reliability Council (NERC) have directed focused inquiries into issues related to 

gas-electric coordination, taking steps to mitigate the potential threats to 

reliability as they materialize and attempting to prevent future events from 

occurring. FERC’s institution of an ongoing docket in which it investigates these 
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issues and receives reports from electric operators and gas pipelines across the 

country has created a national forum for the discussion and resolution of issues 

related to gas-electric coordination. As regions of the East Coast continue to 

grapple with operational challenges arising due to pipeline constraints, FERC 

also issued Order 787 in November 2013 to allow for the sharing of nonpublic 

information between interstate pipelines and electric utilities to facilitate 

coordination of operations. 

NERC has also recognized the emerging reliability issues associated with 

increasing gas and electric industry interdependence and is currently examining 

fuel supply security issues for gas generators and their potential impact on 

electric system reliability. NERC recently issued a report—2013 Special 

Reliability Assessment: Accommodating and Increased Dependence on Natural 

Gas for Electric Power—that examines the reliance of the electric sector on gas 

for reliability at a national level. It provides a roadmap for analyzing the risks 

that natural gas reliance may pose to the electric sector’s reliability that is 

similar to the approach taken in this study. 

1.2.1 EASTERN INFRASTRUCTURE CONSTRAINTS 

Over the past several winters, the New England region has experienced 

significant shortages of natural gas supply. The seasonal shortage of gas in the 

New England region results directly from a gas infrastructure system that is not 

capable of meeting the region’s total demand under peak conditions. The 

interstate gas pipelines that serve the region were built and sized to meet the 

firm heating demands of the region’s residential and commercial customers. 

However, as merchant power producers in the New England Independent 
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System Operator (ISO-NE) have added substantial quantities of new natural gas 

generation capacity to meet growing winter peak loads, this system has become 

increasingly constrained during the winter heating season. Spot market prices 

for natural gas in the region provide a stark indication of the severity of the 

shortages: high and volatile prices that indicate the scarcity of natural gas have 

become a recurring pattern during New England winters. In early 2014, natural 

gas prices reached nearly $80/MMBtu in Boston while gas was traded at other 

hubs at $5/MMBtu (Figure 4). 

Figure 4. Daily spot natural gas prices at Henry Hub and Algonquin (Boston) 
Citygates, January 2010 - January 2014. 

 

In response to this issue, ISO-NE commissioned a 2012 study of the near-term 

vulnerability of gas generators to interruptions of service, conducted by ICF 

International.2 ICF’s study confirmed that existing regional gas infrastructure 

would be insufficient to meet the combined firm demands of local distribution 

                                                           
2 ICF 2012, available at : http://psb.vermont.gov/sites/psb/files/docket/7862relicense4/Exhibit%20EN-JT-
15.pdf 
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companies (LDCs) as well as power plant needs in both the near and long term. 

Estimates of the amount of gas generation that might be curtailed due to this 

deficiency in the winter of 2013 were approximately 2,000 MW. The New 

England States Committee on Electricity (NESCOE) commissioned a subsequent 

study by Black & Veatch to investigate potential long term solutions to New 

England’s capacity shortages.3 Based on its analysis, Black & Veatch suggested 

that the construction of a cross-regional natural gas pipeline to increase the 

region’s infrastructure capability could relieve the constraints faced by the 

region until 2029. 

The emergence of infrastructure constraints in New England is a result of the 

reliance of gas generators on “interruptible” transportation service, an as-

available product that allows a customer to transport gas on a day-ahead basis 

at a discounted price when capacity is available on a pipeline.4 Interstate 

pipeline companies design facilities to meet the needs of “firm” customers—

those customers willing to pay for the full cost of pipeline capacity in exchange 

for the reservation of that capacity when needed—and do not plan expansions 

to meet needs of interruptible customers. As a consequence, New England’s 

pipeline infrastructure, most of which exists to meet the firm heating needs of 

the residential and commercial sectors, has not expanded in response to the 

growth of gas demand in the electric sector.  

The collective choice of the ISO-NE gas fleet to use interruptible service is an 

economic one. Most gas generators are merchant facilities that generate 

                                                           
3 Black & Veatch, available at http://www.nescoe.com/uploads/Phase_III_Gas-Elec_Report_Sept._2013.pdf 
4 ISO New England, “Addressing Gas Dependence,” http://www.iso-
ne.com/committees/comm_wkgrps/strategic_planning_discussion/materials/natural-gas-white-paper-draft-
july-2012.pdf 

http://www.nescoe.com/uploads/Phase_III_Gas-Elec_Report_Sept._2013.pdf
http://www.iso-ne.com/committees/comm_wkgrps/strategic_planning_discussion/materials/natural-gas-white-paper-draft-july-2012.pdf
http://www.iso-ne.com/committees/comm_wkgrps/strategic_planning_discussion/materials/natural-gas-white-paper-draft-july-2012.pdf
http://www.iso-ne.com/committees/comm_wkgrps/strategic_planning_discussion/materials/natural-gas-white-paper-draft-july-2012.pdf
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revenue by selling power into the wholesale market. While relying on 

interruptible service may require these plants to forego opportunities to 

generate when pipeline capacity is not available, the cost of a firm contract to a 

merchant generator outweighs the value of those potential extra hours of 

dispatch.5 However, the risks and economic tradeoffs faced by generators 

operating in a wholesale energy market are not necessarily the same as those 

borne by the ratepayers of the electric utilities. With no explicit requirement to 

guarantee fuel supply, generators in the ISO-NE are susceptible to interruptions 

during the winter periods when they are needed most for reliability. To 

maintain reliability throughout recent winters, ISO-NE has relied heavily on the 

backup fuel capabilities of a number of its generators, although the frequency 

and volume of oil burned for power has become a growing concern of its own 

for environmental reasons. 

Facing this mounting challenge, a number of entities have begun exploring long 

term solutions. These include potential investments in natural gas pipeline to 

provide reliable fuel supplies to generators during the winter as well as in 

electric transmission to allow the region to import additional generation when 

local natural gas-fired generation is either constrained or uneconomic. These 

types of measures may ease the region’s winter challenges. 

The challenges faced by New England have been encountered in other regions 

as well. The New York ISO has also experienced substantial new investment in 

natural gas generation and has encountered issues similar to those experienced 

in New England. Gas generators operating within the NYISO do not have direct 

                                                           
5 From an electric ratepayer’s perspective, the cost of a firm contract may be lower than the possible high 
electricity prices and risk of loss of load that can result from non-firm fuel supplies. 
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access to interstate pipelines and instead receive transportation service from 

one of two LDCs that serve the region, and the transportation tariff under which 

LDCs provide service to gas generators is interruptible. Consequently, the region 

has experienced similar constraints of natural gas supply during recent winters. 

Much like in New England, the spot market for natural gas in New York has 

exhibited extreme volatility and reached levels in excess of $100/MMBtu during 

recent winters.  

Recent extreme weather events have revealed that the PJM Interconnection is 

vulnerable to the same issue that has afflicted New England and New York for 

the past several winters. Much like the plants in New England and New York, 

most gas generators operating in PJM either obtain gas through capacity release 

on the secondary market or by using interruptible services. When the “polar 

vortex” of January 2014 struck the East Coast, heating demands in the gas and 

electric sectors peaked coincidently. Available capacity on regional pipelines 

plummeted—despite the region’s proximity to the richly producing Marcellus 

shale play—and a number of gas generators were unable to obtain fuel. In a 

subsequent FERC filing in response to a data request, PJM reported that as 

many as 9,000 MW—about 5% of the region’s total generating capacity—

experienced forced outages related to the inadequate supply of natural gas. 

While PJM managed to preserve the system’s reliability throughout the extreme 

cold weather event, it serves to once again highlight the electric sector’s 

vulnerability to constraints on natural gas pipelines. 6  

                                                           
6 See PJM response to FERC data request, http://www.pjm.com/~/media/documents/reports/20140113-pjm-
response-to-data-request-for-january%202014-weather-events.ashx 

http://www.pjm.com/~/media/documents/reports/20140113-pjm-response-to-data-request-for-january%202014-weather-events.ashx
http://www.pjm.com/~/media/documents/reports/20140113-pjm-response-to-data-request-for-january%202014-weather-events.ashx
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1.2.2 EXTREME WEATHER IN TEXAS 

In February 2011, a severe cold snap struck Texas and portions of New Mexico 

and Arizona. For a four day period, temperatures in Texas remained below 

freezing, leading to a number of key infrastructure failures in both the electric 

and gas sectors, ultimately resulting in curtailments of both electric and gas 

loads.7 In the electric sector, the extreme cold weather contributed directly to 

an unusually large number of plant outages in ERCOT as well as in the Salt River 

Project (SRP) and El Paso Electric (EPE) balancing authorities of WECC. Subzero 

weather created issues in the gas sector too; many wells in the Permian 

production basin of West Texas experienced “freeze-offs,” whereby low 

temperatures froze the small volumes of water produced at the wellhead, 

automatically shutting down production. This problem was exacerbated by 

winter weather conditions prohibiting prompt maintenance of the affected 

wellheads. 

The consequences of these coincident infrastructure failures were severe. 

ERCOT, SRP, and EPE all shed electric load. Gas distribution companies serving 

loads across the southwest were forced to curtail customers because of reduced 

production from the Permian basin—one of the major supplies of gas to the 

southwest as well as California. Ultimately, this event had material impacts as 

far downstream as California, contributing to a dramatic reduction in the 

volume of gas flowing to the southern California border. While the failure of gas 

infrastructure was not the sole cause of load shedding required in the electric 

sector—generator failure due to extreme weather was also a major 

                                                           
7 The characterization of this event is based on a joint report issued by FERC and NERC, available at 
http://www.ferc.gov/legal/staff-reports/08-16-11-report.pdf 

http://www.ferc.gov/legal/staff-reports/08-16-11-report.pdf
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contributor—the event’s impact on regional gas availability does highlight one 

of the major vulnerabilities of an electric system that is highly dependent on 

natural gas. Although the issues that have arisen in other regions are tied to the 

contractual question of whether gas generation should contract for firm or 

interruptible service, the events of February 2011 provide a cautionary 

reminder that even firm service does not guarantee the availability of gas, and 

that contingency events, despite their low probability, may pose a threat to the 

electric sector’s reliability through their impacts to gas infrastructure. 

1.2.3 CURTAILMENT IN THE WESTERN INTERCONNECTION 

In comparison to the eastern United States, adverse impacts of the electric 

sector’s reliance on natural gas in the West have been relatively limited, and, as 

a consequence, the region has received less attention in the national dialogue. 

Yet the region has not been untouched by issues related to gas-electric 

coordination. On February 6, 2014, Southern California Gas Company 

experienced curtailments of electric generators and other non-core customers. 

The cause of this event was a continental spike in natural gas prices that 

reversed price spreads between Western production basins and California. As a 

consequence, shippers seeking more profitable markets diverted supplies from 

California, resulting in a shortage of gas flowing into the state from the 

Southwest during a period of relatively high demand (see Figure 5). This event is 

notable for its genesis, which differs from the challenges faced by the eastern 

jurisdictions discussed above: the curtailments experienced in Southern 

California occurred not for lack of infrastructure. 
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Figure 5. SoCalGas daily sendout & western gas spot prices, Jan 16 - Feb 13, 
2014. 

 

1.2.4 EFFECT OF INCREASED PENETRATION OF WIND AND SOLAR 
ENERGY 

While most of the attention in the Eastern Interconnection has been focused on 

the adequacy of the natural gas delivery system and the decision of electric 

generators to utilize interruptible transportation service, western interests are 

also concerned about the effect of increased penetration of wind and solar 

energy on the natural gas infrastructure. Electric generation from wind and solar 

sources is both variable and uncertain, requiring immediate response from 

dispatchable generation—mostly hydroelectric and natural gas-fired—in order 
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to maintain grid reliability. The California ISO’s “duck chart”, reproduced in 

Figure 6, shows significant changes in the daily pattern of “net load”—load 

minus production from non-dispatchable generation—due to increased solar 

generation. The primary resources available for meeting these hour-to-hour 

demand swings in California are natural gas generators. In addition to changes 

in diurnal patterns, increased reliance on variable generation resources will 

require natural gas generation to start up and get to full output very quickly. 

This raises questions about the ability of the natural gas delivery system to 

provide fuel for gas generators operating in these patterns.  

Figure 6. California ISO's "duck chart", illustrating the impact of high renewable 
penetrations on net load. 

 Figure source: CAISO 2013
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The questions raised are multi-dimensional: can the natural gas system 

physically respond to the increased volatility in daily and hourly gas generation? 

Would this require pipelines to offer different products and services from what 

they offer today, and would FERC approve of these new offerings? Would gas 

generators subscribe to new services that would increase their cost of acquiring 

fuel? These are different questions from those related to the pressing concerns 

identified in other regions, but they are important for understanding the ability 

of the gas sector to meet the demands that the electric sector will impose upon 

it over the next decade.  

1.3 Scope of Study  

This study focuses on the Western Interconnection, a region that has for the 

most part avoided reliability events associated with natural gas use in the 

electric sector that burdened other areas of the country. Like many other 

regions in North America, the Western Interconnection has experienced a 

transformative expansion of natural gas generation capacity in the past two 

decades. The magnitude and pace of the growth of gas-fired generation capacity 

over the past decade in the West is unprecedented in its history: total 

investment in gas generation capacity in the decade between 2000 and 2010 

exceeded total investment in all generation capacity in the region in any prior 

decade. 
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Figure 7. Generating resource additions in the Western Interconnection by 
decade. 

 

Despite the rapid increase in the reliance of the power sector on natural gas 

infrastructure, the Western Interconnection has not experienced challenges of 

the same scope or magnitude as those confronted in other jurisdictions. 

However, events in other regions, combined with the increasing challenges the 

industry is likely to face over the next decade, have raised concerns among 

western regulators, policymakers and market participants about the adequacy 

of the natural gas infrastructure to meet the needs that will be placed upon it by 

the electric sector. This study seeks to identify conditions under which the 

natural gas infrastructure in the Western Interconnection might be insufficient 

to meet the demands of the electric sector. 
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1.4 Overview of Vulnerabilities 

Electric utilities, with an obligation to provide reliable service to their 

ratepayers, typically plan their systems to a certain resource adequacy standard. 

While there is no universal electric utility planning standard, the standards used 

by utilities typically provide for very infrequent loss of load; one expected loss of 

load event over a ten year period is a common threshold. The appropriate 

reserve margins for utilities to carry in order to meet these standards have been 

established through the stochastic framework of loss-of-load-probability (LOLP) 

modeling, which considers the ranges of conditions that the electric sector 

might encounter—the full potential range of loads, correlated levels of 

renewable output, the risk of forced outages of power plants, seasonal 

hydroelectric conditions—to assess the electric sector’s risk of loss of load. The 

results of LOLP modeling are commonly distilled into planning reserve margin 

requirements, which require utilities to maintain a certain margin of capacity in 

excess of expected peak demand.8 

One of the assumptions implicit in the LOLP modeling framework used by the 

electric sector to establish appropriate planning reserve margins is that fuel 

supplies will be available to generators when they are needed to operate. The 

events described above highlight the fact that this assumption may not be valid, 

and that the electric sector’s reliance on natural gas infrastructure may expose 

it to two potential vulnerabilities that are not traditionally considered in electric 

sector reliability planning (summarized in Figure 8): 

                                                           
8 Planning reserve margin requirements vary by utility/jurisdiction but are often on the order of 12-17%. 
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1. If electric generators do not have firm service agreements with 

interstate pipelines, they could be susceptible to service interruption 

when pipelines operate at high levels of utilization. 

2. If contingency conditions on the gas system prevent the delivery of gas 

to pipeline customers, electric generators may be at risk of curtailment 

notwithstanding any firm service agreements they have signed. 

Figure 8. Vulnerabilities considered in assessment of gas infrastructure 
adequacy. 

  

The first of these vulnerabilities is an institutional issue relating to the manner in 

which generators purchase transportation service from interstate pipelines and 

LDCs. Electric generators who do not purchase firm service inherently accept 

the risk that their gas supply may be curtailed in the event of high pipeline 
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utilization. To understand the degree to which the Western Interconnection 

may be susceptible to this vulnerability requires assessing two key factors: 

1. The extent to which gas generators rely on firm and interruptible 
services throughout the year to meet their needs; and 

2. The likely availability of unused capacity on pipeline systems for use by 
interruptible customers. 

In the event that generation in a region relies on interruptible service to meet 

its loads and that region’s pipeline capacity is highly utilized by its firm 

customers, generators may be at risk for interruptions of fuel supply. 

The second vulnerability faced is not an institutional issue, but rather a technical 

one. Historically, the electric sector has been planned to operate with a 

substantial margin of redundancy: NERC planning standards require that an 

electric system’s operations be capable of withstanding the single largest 

system contingency.9 While gas systems have their own standards to ensure 

reliability, inherent differences between the two mean that gas systems are not 

planned with such redundancy, and contingencies may lead to the need to 

curtail firm gas loads. Under force majeure, a pipeline is temporarily released 

from its obligations to firm shippers. To evaluate whether this might affect the 

availability of gas to electric generation requires identifying potential 

contingencies on the gas system and quantifying their impacts on the ability of a 

system operating at reduced capacity to meet demand across its system. 

                                                           
9 However, the reserve margins with which the electric sector is built and operated to withstand loss of load have 
historically not considered the availability of fuel and the possible impact of localized or widespread fuel 
shortages on electric sector reliability. 
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Of course, the loss of natural gas generation due to either of these 

vulnerabilities does not immediately translate to loss of electric load: electric 

system operators have a number of “operational mitigation strategies” at their 

disposal to react in real time to constraints and preserve system reliability. 

These include: 

 Scheduling of incremental imports. The transmission network that 

interconnects the regions of the Western Interconnection is 
infrequently utilized to its maximum extent; where constraints in 

natural gas generation arise, electric system operators might be able to 
schedule additional imports from resources outside of the constrained 

region. 

 Dispatch of resources with backup fuel. Where natural gas generators 

have on-site backup fuel capabilities (frequently oil), operators may 
dispatch these plants notwithstanding the shortage of transportation 
capability. 

 Redispatch of non-gas resources. In some regions, operators may have 
some flexibility to increase the output of non-natural gas generators in 

response to natural gas shortages; increasing hydroelectric output 
during times of a constraint is one potential example. 

 Deployment of demand response. Electric demand response programs, 
which have traditionally been design and called during periods of high 

load, could potentially also provide some relief to the system to the 
extent that operators could call upon them during times of constraints 

on the natural gas system.10 

                                                           
10 During the curtailment of gas generators in Southern California in February 2014, CAISO issued a “Flex Alert” to 
consumers advising them of the circumstances and offering tips for power conservation. While “Flex Alert” is not 
a formal demand response program, this response nonetheless highlights an effort of an electric system operator 
to react to a constraint on natural gas infrastructure through management of other resources and loads. 
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The availability of these mitigation measures materially affects the electric 

system’s reliability during constraints on gas infrastructure: where such 

strategies are available, operators may be able to overcome fuel-driven outages 

to gas generators, but without such strategies available, operators may have to 

shed firm electric loads. 

The purpose of considering not only the risks to gas generators but the available 

strategies with which operators may react to such extreme events is to highlight 

the potential magnitude of the reliability challenge, which ultimately informs 

decisions made by planners, policymakers, and regulators. By evaluating the 

impact of gas infrastructure constraints within the context of their impact on 

system reliability, this study provides a platform for the discussion of potential 

long term measures that might merit consideration, which could be as diverse 

as new investment decisions to regulatory changes in the gas and/or electric 

sectors. In this respect, this study seeks to inform planners and regulators of the 

possible need for anticipatory intervention to ensure the continuation of a 

smooth relationship between the gas and electric sectors in the Western 

Interconnection. 

1.5 Limitations and Caveats 

The topic of gas-electric coordination is relatively new to the Western 

Interconnection. As this is one of the first major investigations of the subject, it 

is important to establish clearly the limitations and bounds of this study so that 

its results and conclusions might be used appropriately by resource planners 

and policymakers. 
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First, this study is not an infrastructure expansion study; it does not attempt to 

identify where in the Western Interconnection new natural gas infrastructure 

may be needed in the coming decade. The decision to expand any system rests 

with the shippers who would fund it and the regulators who would approve 

such funding and cost allocation, and would require risk assessment, economic 

evaluations, and other studies of local conditions that are beyond the scope of 

this report. The focus of this study is on characterizing the interactions between 

the electric system and natural gas infrastructure to promote an understanding 

of where and how the electric system may be vulnerable under a range of 

different scenarios. 

Second, both phases of this study focus on the adequacy of natural gas 

infrastructure—not of gas supply. While the West has already experienced 

challenges that have stemmed from supply constraints—both during the 2011 

well-head freeze-off and during recent California curtailments—this study’s 

scope is limited to an analysis of the infrastructure that will deliver natural gas 

to electric generators. This is not to suggest that supply issues are of less 

concern for the electric sector or the Western Interconnection in particular. 

Given the number of different supply basins that provide gas for the West, a 

study of natural gas supply would be continental in scope and require a 

different type of analysis, one focused on the geology of natural gas reserves 

and the economics of natural gas exploration and production. 

Third, the analysis that is used in this report to draw conclusions on the 

adequacy of gas infrastructure to meet electric sector needs is limited in its 

precision due to the lack of publicly available data. In regional electric planning 

forums such as the Western Electric Coordinating Council’s (WECC’s) 
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Transmission Expansion Planning and Policy Committee (TEPPC)11, a 

tremendous amount of time and resources have been devoted to developing 

robust public datasets useful for long term planning and studies of the electric 

sector, and the resulting data serve as the foundation for many useful analyses. 

No parallel process exists for the gas industry. While LDCs and pipelines have 

access to the information they need to make prudent contracting and 

investment decisions, the amount of data in the public domain that allows for 

long term scenario analysis of gas infrastructure adequacy is limited. 

Consequently, the quantitative analysis on which this study is based should be 

viewed not as a precise forecast but as illustrative of relative and directional 

impacts. 

1.6 Organization of Report 

The scope of this report is limited to Phase 1 of the study. The remainder of this 

report is organized in the following sections: 

 Section 2 provides background on the history and characteristics of gas 
use for power generation in the Western Interconnection; 

 Section 3 describes the methodology and assumptions used in Phase 1 
to evaluate the adequacy of natural gas infrastructure to meet the 

needs of the electric sector; 

 Section 4 provides the results of the Base Case and subsequent 

sensitivity and contingency analysis for Phase 1 of the study; 

                                                           
11 TEPPC’s 2013 West-wide can be viewed at: 
http://www.wecc.biz/committees/BOD/TEPPC/External/2013Plan_PlanSummary.pdf  

http://www.wecc.biz/committees/BOD/TEPPC/External/2013Plan_PlanSummary.pdf
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 Section 5 investigates the implications of a set of alternative scenarios 
considered in this study; 

 Section 6 presents the main findings and conclusions of the Phase 1 
analysis; and 

 Section 7 is an appendix that contains technical inputs and details of 
methodologies used as well as in-depth descriptions of modeling 

choices and stakeholder processes that guided this study. 
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2 Background 

2.1 An Historical Perspective on Natural Gas in the 
West 

The role of natural gas pipelines in today’s energy economy—and specifically, 

their relationship to the electric sector—has been fundamentally shaped by the 

oversight of FERC. In the 1980s and 1990s, FERC took major steps to deregulate 

an industry that had before been tightly controlled. While FERC’s regulatory 

authority only directly affected interstate natural gas pipelines within the United 

States, Canada’s National Energy Board (NEB) and state regulators with 

oversight of intrastate systems developed similar conventions for the regulation 

of natural gas transportation under their respective jurisdictions. 

Prior to the industry’s deregulation, natural gas pipelines companies acted not 

only as transporters of natural gas but as marketers as well, purchasing gas from 

producers at the wellhead and selling it to gas utilities and end users at bundled 

prices that reflected both the price of the gas and the cost to transport it. The 

prices at which pipeline companies purchased natural gas from producers were 

regulated by FERC, which, following traditional cost-of-service ratemaking 

principles, set prices at the wellhead intended to allow producers to recover 

costs while earning a fair return on their investments. At the other end of the 
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pipeline, the prices at which pipeline companies could sell gas to gas utilities 

were also regulated by FERC. 

The tight regulation of the industry by FERC contributed to an increasing 

imbalance between supply and demand that became chronic in the 1970s: price 

regulation at the wellhead limited the profitability of natural gas production, 

discouraging the expansion of production facilities at a pace necessary to meet 

growing demand. As a result, interruptions of gas supplies to large users had 

become a common occurrence by the end of the 1970s. 

The first step towards deregulation was taken by Congress in 1978 with the 

passage of the Natural Gas Policy Act (NGPA). With the NGPA, cost-based 

wellhead natural gas pricing was abandoned, replaced by a price ceiling limiting 

the highest price a producer could charge a pipeline for natural gas. This created 

a more competitive pricing environment in production areas, helping to 

alleviate some of the supply constraints that had previously resulted in service 

interruptions. 

In 1985, FERC took another major step towards deregulation with Order 436, 

introducing fundamental changes in the role of pipelines. Whereas pipeline 

companies traditionally acted as both the transporter and seller of natural gas, 

providing customers a “bundled” product, Order 436 required pipelines to offer 

“unbundled” service to end users. Order 436 enabled LDCs and end users to 

purchase gas directly from producers and pay pipelines for the service of 

transportation from wellhead to the point of consumption. Many users 

immediately realized that purchasing gas on the spot market offered 

considerable cost savings relative to the bundled rates offered by pipelines. 
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Order 636, issued in 1992, eliminated the ability of pipelines to offer bundled 

natural gas service altogether, and established the role of pipelines solely as 

transporters of natural gas. With Order 636, FERC created complete open access 

to the interstate pipeline network, forcing pipelines to act as common carriers. 

The industry’s deregulation under these orders had several immediate 

consequences that directly facilitated the expansion of natural gas in the power 

sector: 

 They facilitated the development of liquid and efficient spot markets for 
gas at a number of locations across the interstate pipeline network 

where end users and marketers could buy and sell natural gas. 

 They established differentiated standards of transportation service—

firm and interruptible—that would allow users without a guaranteed 
need for gas supply to obtain transportation services at much lower cost 

than those who required reservation of capacity. 

These developments created a market framework much more favorable to the 

use of large volumes of natural gas to produce electricity. Natural gas 

marketers—companies that purchased natural gas from producers and bought 

and sold natural gas in various spot markets, using the interstate pipeline 

network to help equilibrate supply and demand—facilitated the efficient 

distribution and sale of natural gas in large volume to end users such as power 

plants. 

The dramatic expansion of the use of natural gas for electricity generation 

followed closely on the heels of the industry’s deregulation. The combination of 

low-cost gas made available through the deregulated market with advances in 

generation technologies and a growing environmental preference for cleaner-
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burning fossil fuels made natural gas the default investment for new power 

plants in the Western Interconnection in the 1990s. Between 1995 and 2010, 70 

GW of new natural gas power plants were built in the Western Interconnection 

to meet growing loads, a near quadrupling of the fleet (see Figure 9). The 

Western electricity crisis of 2001 provided a further push for development of 

new capacity, as regulators authorized the construction of thousands of 

megawatts of new combined cycle plants in response to the shortages 

experienced in 2001. 

As the installed capacity of gas plants in the West increased, so too did the 

amount of electricity produced by natural gas in the region, albeit by a smaller 

amount. Gas generation, which accounted for only 10% of energy generated in 

the Western Interconnection in 1996, had grown to provide nearly 30% of 

generation by 2010 (the year-to-year fluctuations result from the variability of 

hydroelectric conditions). 
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Figure 9. Installed capacity (GW) of resources in the Western Interconnection, 
1995-2011 

 

Figure 10. Annual generation (TWh) by different resources in the Western 
Interconnection, 1995-2011. 
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This transformation of the electric sector created significant new demand for 

natural gas. While the demand for gas in traditional end use applications 

remained relatively stable during this period, electric generation demand for 

natural gas grew at an average rate of nearly 5% per year (see Figure 11). In 

2000 the electric sector became the largest consumer of natural gas in the 

Western Interconnection. 

Figure 11. Annual consumption of natural gas in the Western Interconnection by 
sector, 1997-2012 

  

2.2 Overview of Western Natural Gas Infrastructure 

This study focuses on the adequacy of natural gas infrastructure to meet the 
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extraction and consumption. Figure 12 summarizes, at a schematic level, the 

primary components of natural gas production and delivery infrastructure. 

Figure 12. Simplified representation of natural gas industry 

 

The infrastructure analyzed within the context of this study comprises the 

pipeline, storage, and LNG facilities downstream of the production areas:  

 Mainline pipelines transport gas from the production basins to market 
areas throughout the region. These systems receive gas from gathering 

systems, gas processing plants, and interconnections with other pipeline 
systems and transport it through high pressure pipelines to the centers 

of demand throughout the Western Interconnection. Pipeline systems 
are often “looped,” meaning that a single mainline system comprises 
multiple physical pipelines that transport gas. Gas flows through 

pipelines due to compression: the mainline systems are lined with 
compressor stations that maintain the fluid’s pressure in order to 

Image Source: Energy Information Administration
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facilitate its transport. The mainline systems deliver gas both to the 
citygates of LDCs, who provide local gas transportation service to 

customers, and directly to end users (typically larger volume customers 
such as industrial users or electric generators). 

 Underground storage facilities play an important role in the gas 
delivery system in certain parts of the Western Interconnection. Storage 

facilities provide seasonal, daily, and intraday balancing services, and 
either inject or withdraw gas depending on the market conditions and 

demand. In this respect, storage facilities located in market areas 
provide three important benefits to end users: (1) the ability to meet 

higher peak extreme demands than pipeline infrastructure might 
otherwise permit; (2) increased flexibility in the rate at which gas can be 

used by consumers; and (3) a means of price hedging through the 
injection and withdrawal of gas during low and high price periods, 

respectively. While gas storage is valuable to consumers in these 
respects, it is also limited in its potential, constrained by requirements 
for specific geologic conditions. As a result, while some parts of the 

Western Interconnection have developed important storage 
infrastructure, others would be challenged to do so due to the lack of 

suitable sites. 

 LNG peak-shaving facilities also play a role in meeting extreme weather 

demands in the natural gas sector. At such facilities, small amounts of 
natural gas are liquefied and stored for gasification when extreme 

conditions require additional natural gas supplies to serve loads. These 
facilities are typically small in size compared to the capabilities of 

pipeline and storage systems and are often controlled directly by LDCs. 
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2.3 Characteristics of FERC Regulatory Model 

The gas and electric industries evolved for many years independently, and 

notwithstanding FERC’s common approach to deregulation that shaped both 

industries today, each has distinct conventions for planning and operations. 

However, as the reliance of the electric sector on natural gas continues to 

increase—and reciprocally, the gas transportation industry depends increasingly 

on throughput of its electric customers—it becomes increasingly important that 

planners and policymakers in each industry understand the conventions and 

vocabulary of their counterparts. This section provides a brief overview of the 

characteristics that govern the operations and practices in the natural gas 

industry. 

2.3.1 SERVICES OFFERED BY PIPELINES 

As common carriers, pipelines under FERC and NEB jurisdiction offer a wide 

variety of transportation services to shippers, each tailored to meet a particular 

need of shippers. These services generally fall into one of two categories: firm, 

in which a customer is able to reserve the use of a portion of the transportation 

system and can generally use it at their discretion; and interruptible, whereby a 

customer may nominate gas to flow when transportation infrastructure would 

be unutilized. 

The most basic service offered by a pipeline is firm transportation, which serves 

as the backbone of the pipeline’s business model under deregulation. Under a 

firm transportation service agreement, a shipper agrees to pay transportation 

rates based on the pipeline’s full cost of service and in return is entitled to the 

use of that capacity at its discretion to transport a specified daily volume of gas 
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between a receipt point and a delivery point. Such an agreement provides a 

shipper with the most reliable transportation service available—absent a force 

majeure event, the pipeline commits to dedicating that capacity to the shipper 

to provide the specified contract volume on demand. 

In addition to offering a standard firm transportation service tariff to shippers, 

many pipelines offer additional services tailored to the specific needs of its 

shippers and/or the infrastructure that is available. Unlike firm service, there is 

no uniform standard for such products across interstate pipelines. These 

include: 

 Firm storage services, which allow a shipper to withdraw gas that has 
been stored in underground facilities along the system; 

 Short-term firm services, which allow shippers to contract for firm 
services for periods of less than one year to the extent that capacity is 
available; and 

 Hourly firm products, which allow a shipper to purchase the right to 
take gas from the system in a non-uniform basis throughout the day. 

Shippers who choose not to enter into firm transportation service agreements 

still have opportunities to use pipelines for transportation through interruptible 

service. Shippers using interruptible service may nominate gas transportation 

volumes prior to the operating day provided that there is surplus capacity 

available on the system. The availability of interruptible service and the terms 

under which it must be offered—generally at a rate between the pipeline’s 

variable cost of transportation and the toll for firm service—form one of the 

cornerstones of FERC’s regulatory model for pipelines by allowing greater 

utilization of pipelines when firm shippers do not use their contracted volumes. 
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However, shippers who choose to transport gas on an interruptible basis do so 

subject to the availability of capacity: if the system’s capacity is fully utilized by 

firm shippers, or there are too many requests for interruptible service, 

interruptible service will not be adequate to meet all interruptible demands. 

Gas generators throughout the Western Interconnection receive transportation 

services under a number of different models. Plants that are directly connected 

to interstate pipelines may choose to purchase and transport gas themselves 

and have the option to do so on a firm or interruptible basis. Plants may also 

choose to purchase gas from marketers—third parties who purchase and sell 

natural gas at various points throughout the region (and across the continent), 

transporting gas through a combination of firm and interruptible services. 

Where plants purchase gas from marketers rather than arranging transportation 

services directly, the degree to which that service can be considered “firm” 

depends on the terms of the contract between the two parties. 

Not all gas generators are located directly along FERC’s interstate pipelines: in 

California, most gas generation is served as non-core customers on the CPUC-

regulated intrastate pipeline systems under a model described in the 

subsequent section; in some other regions, gas generators are located behind 

the citygates of LDCs. LDCs generally serve a primary role of providing bundled 

gas service to smaller end users and typically procure firm transportation 

contracts on interstate pipelines to meet the “design-day” needs of their firm 

customers to do so. The “design-day,” while not a uniform planning standard 

across LDCs, typically represents an extreme temperature condition observed 

over a long historical record. In instances where gas generators are located on 

LDC networks, their ability to secure natural gas depends not only on whether 
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gas can be transported on the interstate network but also upon the ability of the 

LDC’s local infrastructure to meet their needs. In many instances, the tariffs 

under which gas generators receive service through LDCs permit the LDC to 

curtail service if necessary to ensure service to their bundled customers; thus, 

generators located behind LDC citygates may face additional challenges securing 

gas during extreme cold weather.  

2.3.2 PROCESS FOR EXPANSION  

Following industry deregulation, FERC established, through a series of policy 

statements and decisions, the “open season” process, which guides the 

expansion and/or construction of pipelines and new storage facilities to meet 

new or growing loads. This process is now required by FERC in an application for 

a certificate of public convenience and necessity (CPCN). An “open season” is a 

process by which pipelines determine whether there is sufficient interest in an 

expansion to fund its construction. The process begins with a public notice to 

shippers of a potential expansion project to meet new or growing loads. Once 

notice is given, shippers have the opportunity to respond with their interest 

(which may be binding or non-binding at this point in the process) in the 

expansion. This expression of long term interest is pivotal to the progression of 

the expansion, as it indicates to pipelines whether shippers will be willing to 

bear the cost of their investment in new facilities. 

The open season process was originally envisioned as a means of protecting 

existing customers from increases in “rolled in” rates—in response to an open 

season, potential customers must indicate willingness to cover the entire cost of 

the expansion such that it would have no adverse impact on existing rates— but 
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it has become an efficient tool where pipelines make incremental expansions to 

various systems to meet new and growing loads throughout the United States.12 

The existence of the open season process has important implications for this 

study because it establishes the firm contract as a necessary trigger for the 

expansion of the pipeline network. Contracting for firm service on an interstate 

pipeline provides a customer with a certain degree of security in its fuel supply, 

but it also serves as an investment signal to gas pipelines: as a pipeline 

approaches full subscription, the expectation of additional firm loads signals the 

potential need for an open season and begins the process of expansion to meet 

the needs of those customers willing to subscribe to firm capacity. Thus, to the 

extent that capacity in a region is deemed inadequate to meet the needs of the 

electric sector, signing up for additional firm capacity—or, to the extent it is not 

available, indicating interest—is one mechanism for recourse that would help to 

relieve the anticipated constraint. 

While the open season process is a necessary condition for pipeline expansion, 

it is not sufficient to ensure expansion. Once a pipeline receives a favorable 

response among shippers to an open season, it must secure the necessary 

permits. These generally include a FERC CPCN (or other regulatory approval, 

depending on the jurisdiction) as well as whatever local and state land permits 

might be required for the construction of the facility. The total amount of time 

needed to develop a new project depends on its size and geography and can 

range from three years to as long as ten years. This report does not attempt to 

                                                           
12 In some circumstances—when the increase in throughput resulting from an expansion is proportionately larger 
than the cost of the expansion—expansions can receive “rolled-in” treatment such that the benefits are shared 
among all shippers. 
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address these issues directly but recognizes that delays, project failure, or 

inadequate foresight could result in insufficient infrastructure if expansions are 

needed but cannot be completed within the necessary timeframe. 

When additional capacity is needed on a gas transportation system, there are a 

number of potential options through which a system’s capability to meet 

additional loads might be increased: 

 Upgrades of existing facilities. In many cases, delivery capability can be 

augmented by installing additional compression on the system. Adding 
horsepower to compressor stations allows pipelines to carry more gas, 
provided that they do not exceed the pipeline’s maximum allowable 

operating pressure (MAOP). This option is simple and has a low overall 
impact. 

 Construction of new lateral. Where existing facilities are not capable of 
meeting demand, a new lateral from a mainline system may be 

constructed to provide a new route for the delivery of natural gas to an 
end use load. 

 Development of new pipeline. The most significant capacity addition is 
the construction of a new pipeline system. 

 Addition of new storage facilities. Where geologic conditions permit, 
new storage facilities may be developed to increase the capability and 

flexibility of the gas system 

Over the course of the past decade, the Western natural gas system has 

experienced a substantial number of expansion projects in response to growing 

loads and increased desire for supply diversity. These include: 
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 Multiple expansions to the El Paso and Transwestern systems in the 
Desert Southwest caused by growing electric generation and LDC needs 

in the Southwest; 

 The addition of the Questar Southern Trails Pipeline, providing another 

link between the San Juan production basin in New Mexico and the 
southern California border; 

 The expansion of the Kern River pipeline from 1 to 2 Bcf/d largely 
motivated by new power plant loads in the Las Vegas region and 

southern California; 

 The construction of the Ruby pipeline in 2011, a 1.5 Bcf/d project that 

connects the production basins of the Wyoming and Colorado with the 
northern California border at Malin;  

 The development of a number of new underground storage facilities in 
the Front Range of Colorado along the Colorado Interstate Gas system 

to provide flexibility to regional loads; 

 Multiple expansions and reinforcements of the interstate pipeline 
network delivering gas to the Front Range of Colorado, including 

expansions to the Colorado Interstate Gas System caused by growing 
firm electric demands; and 

 Expansions to the Northwest Pipeline system to increase access to the 
Piceance Basin as well as an expansion of its mainline in the Sumas, 

Washington to Chehalis, Washington corridor to provide additional 
south flow to various electric generators. 

Planning for future expansions in regions with a relatively tight balance between 

available capacity and loads is underway as well. Most notably, a number of 

expansion projects in the Pacific Northwest that would increase the region’s 
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overall capability to serve loads as well as its ability to distribute gas efficiently 

within the region have received consideration. 

2.4 Characteristics of California Intrastate Systems 

While almost all of the long-distance transportation service in the Western 

Interconnection occurs on interstate pipelines regulated by FERC under the 

model described above, most of California’s natural gas demands are served by 

one of two intrastate systems— Pacific Gas & Electric Company (PG&E) and 

Southern California Gas Company (SoCalGas)—which, under the jurisdiction of 

the California Public Utilities Commission (CPUC), have evolved under a different 

regulatory model.13 The unique model by which these systems offer service and 

build infrastructure has important implications for the adequacy of the 

intrastate networks to meet the large electric demands they serve. 

Whereas customers of interstate pipelines choose either firm or interruptible 

service, customers on the California intrastate systems are classified as either 

“core” or “non-core.” Core customers, who receive the highest priority of 

service, are generally residential and small commercial end users of natural gas; 

most core customers receive bundled service from PG&E, SoCalGas, or San 

Diego Gas & Electric Company (SDG&E). Non-core users are generally larger 

industrial users and electric generators and are further subdivided into “firm” 

                                                           
13 A limited number of generators in the state of California are directly connected to the interstate Kern 
River/Mojave pipeline system and do not receive service through the CPUC-regulated intrastate systems. 
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and “interruptible” categories based on their tariff choice.14 Transportation 

services to meet the demands of non-core customers can be interrupted in 

order to ensure core customers receive the gas they demand. Gas utilities 

protect service to core customers at virtually all costs because of the 

extraordinary effort and cost required to restore service feeder by feeder and 

house-to house, as well as the attendant safety concerns. Standard operating 

procedure among all gas utilities is to interrupt large load when needed to 

protect system integrity and preserve service to the smaller expensive-to-

restore customers. 

California’s intrastate systems are also unique for their reliance on storage to 

meet peak demands during the winter heating season. The backbone systems of 

the California intrastate pipelines, which connect to the interstate pipelines that 

deliver gas to the borders, operate at high load factors throughout the year—

both to import gas for direct use and to recharge storage fields during the spring 

and summer in preparation for the winter.  

Subject to the regulation by the CPUC, the California intrastate systems must 

comply with a number of design criteria.15 Rather than building facilities 

explicitly in response to requests for firm contracts, the California intrastate 

systems invest in new infrastructure in order to adhere to these criteria. The 

first of these, applicable to the backbone pipeline systems of both PG&E and 

SoCalGas, requires that the each system maintain a margin of “slack capacity” 

on its backbone system relative to annual average demand under a 1-in-10 year 

                                                           
14 “Firm” and “interruptible” on the California intrastate systems do not translate directly to the services offered 
by interstate pipelines, as both can be curtailed in order to preserve the systems’ abilities to meet the needs of 
core customers. 
15 The CPUC adopted the design criteria for its intrastate systems in D. 06-09-039 (CPUC, 2006) 
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dry hydro condition of approximately 20%. Additionally, each intrastate system 

has a number of design criteria that apply specifically to its local transmission 

system:  

 SoCalGas’ Local Transmission (LT) system, which comprises both 
pipelines and storage infrastructure, must be capable of meeting core 
and firm non-core demands under a 1-in-10 year winter weather event. 

The LT system must also be capable of meeting the 1-in-35 year peak 
day demand of core customers (assuming all non-core loads are 

curtailed).16 

 PG&E’s LT system is planned to ensure that all core and firm non-core 

demands can be met on a “Cold Winter Day” (CWD)—the coldest day 
expected over a two-year period. At the same time, the system is also 

planned to be able to meet core demands on an “Abnormal Peak Day” 
(APD), characterized as a 1-in-90 cold weather event.17 

The planning standards of the California intrastate systems have important 

implications for their adequacy to meet the needs of the electric sector. Both 

systems’ planning standards for local transmission are based on meeting core 

and non-core demand up to a certain threshold with the expectation that non-

core customers would be at risk of curtailment if demand exceeds that level. 

Because gas generation receives service under non-core tariffs, the planning 

standards thus explicitly put the electric sector at risk for curtailment during 

extreme weather events. However, the expected frequency of these curtailment 

events is relatively low, and they would occur almost exclusively during the 

winter season. As a result, California’s design criteria result in infrastructure that 

                                                           
16 The design criteria of SoCal Gas are described in the 2008 testimony of David Bisi (SoCalGas ,2008). 
17 PG&E’s design criteria are described in PG&E’s report on the adequacy of gas infrastructure (PG&E, 2012). 
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is sized to meet both end use and electric demand throughout most of the year, 

including most winter conditions. 

2.5 Study Area Geography 

The geographic scope of this study includes the entire Western Interconnection, 

which is comprised primarily of the eleven western U.S. states (Arizona, 

California, Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, 

Washington and Wyoming); two western Canadian Provinces (Alberta and 

British Columbia); and the northern part of Baja California, Mexico (see Figure 

13). The Western Interconnection is a single reliability region and the Western 

Electricity Coordinating Council (WECC) is the Regional Reliability Organization 

for the entire Western Interconnection, for this reason the term “WECC” is 

commonly used to describe the geography of the Western Interconnection. 

Electrically, the Western Interconnection is the largest of NERC’s eight reliability 

regions and operates independently from the rest of the continent. 
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Figure 13. Geography of NERC reliability regions. 

 

The natural gas pipeline transportation system that serves this region comprises 

a large number of inter- and intrastate pipelines that collectively transport gas 

from supply basins in the Southwest, the Rocky Mountains, and Canada to the 

various load centers throughout the West. In addition to pipeline systems, 

underground storage facilities play a key role in meeting natural gas demands in 

many regions: during periods of high demand California, Colorado, and the 

Pacific Northwest all rely heavily on withdrawals from market-area storage 

facilities to supplement deliveries from the interstate pipeline network. Figure 

14 shows the network of major western pipelines as well as the location of 

critical storage facilities. 

Image Source: Energy Information Administration
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Figure 14. Major existing natural gas pipelines and storage facilities in the 
Western Interconnection. 

 
Pipeline & storage geospatial data obtained from Platts
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The locations of natural gas generation in the Western Interconnection align 

closely with the underlying pipeline network that provides them with service 

(Figure 15). California’s gas fleet, by far the largest in the west, is distributed 

along the intrastate systems that provide gas to the state. Other large 

concentrations of gas generation are found in southern Arizona along the 

southern Mainline of the El Paso Natural Gas system, in southern Nevada along 

the Kern River pipeline, along the Front Range of Colorado served by Colorado 

Interstate Gas, and in western Oregon and Washington along the Williams 

Northwest pipeline. The close alignment of the geography of these systems is 

telling of the significance of the role of the interstate pipeline system in enabling 

the expansion of gas generation in the West. 
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Figure 15. Locations of existing natural gas power plants relative to major 
natural gas pipeline systems. 

 
Pipeline geospatial data obtained from Platts; power plant locations from EIA
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2.6 Regional Profiles 

Because of the size of the Western Interconnection and the diversity of its 

electric and gas loads, a regional approach is helpful to understand the 

dynamics of the interdependence between natural gas and electricity. The 

timing of gas and electric peak demands, the degree of reliance on natural gas 

to serve electric loads, the structure of wholesale electric markets, and 

ownership of natural gas generators vary considerably across the footprint of 

the Western Interconnection; as a result, issues and concerns that are identified 

in one region may not be equally applicable to others. 

To facilitate the analysis, the Western Interconnection is divided into ten 

distinct regions, many of which are roughly consistent with broad geographic 

regions used in the WECC’s TEPPC planning processes. The selection of 

boundaries for each region was informed by both the geography of gas and 

electric infrastructure; as both are heavily influenced by the physical geography 

of each region, regional boundaries are relatively intuitive. The approximate 

geography of the ten regions is shown in Figure 16. 
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Figure 16. Regions identified for study. 

 

2.6.1 ALBERTA 

Among the regions considered in this analysis, Alberta is uniquely positioned: 

much of the province sits directly on top of the Western Canadian Sedimentary 

Basin (WCSB), which contains one of the largest reserves of natural gas on the 

North American continent. The province’s economy is driven by the oil and gas 

extraction industries; TransCanada’s NOVA Gas Transmission Limited (NGTL) 

system comprises a vast network of pipelines that connect the many wellheads 

in the Alberta region to loads within the province as well as to key export points 

to serve eastern and western gas markets. 

Regional boundaries are representative

Study Regions

AB Alberta

BC British Columbia

CA-N California - North

CA-S California - South

DSW Desert Southwest

GB Great Basin

MT Montana

RM Rocky Mountains

PNW-E Pacific Northwest - East

PNW-W Pacific Northwest - West
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The NGTL system serves a number of electric generators that participate in 

Alberta’s wholesale market, operated by the Alberta Electric System Operator 

(AESO). While natural gas does play a fundamental role in the service of the 

region’s electric loads, this study does not focus on this region in its analysis of 

gas-electric coordination because of the region’s proximity to gas resources: the 

size of Alberta’s gas industry relative to the demands of its electric generators is 

small enough that this study assumes the NGTL system will remain capable of 

serving the needs of regional gas generators. Consequently, this study does not 

apply the same level of analysis to the Alberta system as to other regions 

considered. 

2.6.2 BRITISH COLUMBIA - INTERIOR 

For the purposes of the analysis in this study, the ‘British Columbia – Interior’ 

region does not include gas infrastructure and loads in the Vancouver area, 

which are included in the Pacific Northwest – West (I-5 Corridor) region.  

British Columbia’s electric sector is characterized predominantly by its large 

quantity of hydroelectric resources, which produce most of the energy used to 

serve the region’s electric load. The British Columbia Energy Plan, adopted in 

2010, ensures that the province’s reliance on natural gas for electric power 

generation will remain limited in the future, as aggressive greenhouse gas goals 

will require the development of resources with net-zero greenhouse gas 

emissions. Because of this study’s focus on the interaction between the gas and 

electric sectors, the interior region of British Columbia is not analyzed in depth 

in this study; the gas-electric questions which may affect many other parts of 
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the West are not expected to have material impacts on the reliability of British 

Columbia’s electric sector.  

In spite of the province’s limited reliance on natural gas for power generation, it 

is nonetheless worthwhile to highlight the role its existing gas infrastructure 

plays in the dynamics of gas delivery in the Western Interconnection. The 

Spectra gas system, which receives gas produced in northern Alberta and British 

Columbia in the Western Canadian Sedimentary Basin, serves native loads in 

British Columbia but is also the main source of gas delivered to the Williams 

Northwest Pipeline at its Sumas compressor station on the US-Canadian border. 

British Columbia has been the scene of very active efforts to develop new LNG 

export facilities. TransCanada Pipelines Limited is currently developing the 

Prince Rupert Gas Transmission Project, a proposed 2 Bcf/d pipeline project that 

would link the WCSB with proposed LNG export facilities on the province’s 

coast. While these developments, if constructed, would result in the export of 

very large quantities of natural gas, current proposals call for the gas demand to 

be served by increased production in BC. Moreover, this study considers the 

delivery infrastructure but does not consider global supply-demand balances. As 

a result, this study assumes that new LNG demand in BC does not affect the 

ability of Western electric generators to have gas delivered when needed for 

electric reliability. 

2.6.3 CALIFORNIA 

The California electric generation portfolio is a diverse mix of natural gas, 

nuclear, hydroelectric power, renewable energy, and out-of-state coal 

resources. Natural gas generation in California saw its first large expansion 
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under the federal Public Utility Regulatory Policy Act (PURPA), which 

incentivized the development of non-utility co-generation plants. Later, a 

second expansion occurred in the aftermath of the California energy crisis of 

2000-2001 that exposed many issues, including a lack of sufficient generating 

capacity. Natural gas will continue to play a large role in California’s energy 

future as a flexible and complimentary resource to the state’s renewable energy 

goals of 33% by 2020. However, little growth in the sector is expected relative to 

the first two periods of expansion. 

To analyze the adequacy of gas infrastructure, California is treated as two 

regions: North and South 

2.6.3.1 California North 

Gas demands in northern California are served by the intrastate system of 

Pacific Gas & Electric. PG&E’s gas transmission system18 provides transportation 

to both core and non-core customers through its backbone transportation 

network, which receive gas from a number of interstate pipelines. At the 

northern California border, PG&E’s Redwood path (2 Bcf/d) receives gas from 

the TransCanada GTN and Ruby pipelines; in southern California, PG&E’s Baja 

path (1 Bcf/d) has interconnects with the Transwestern, El Paso, and Kern 

River/Mojave systems. Storage facilities located on PG&E’s system provide 

additional capacity, allowing the system to meet much higher peak day 

demands than the capacity provided by its backbone systems. With the 

                                                           
18 Also sometimes referred to as California Gas Transmission (CGT) 
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contributions of firm storage withdrawals, the PG&E system is currently capable 

of meeting demands of up to approximately 5.2 Bcf/d. 

The system’s reliance on storage to meet seasonal peak demands affects its 

seasonal operations: during periods when natural gas demand is low, PG&E and 

third parties use the available capacity on the backbone systems to import gas 

and recharge storage fields. Consequently, the backbone pipelines that make up 

the intrastate systems operate at relatively high load factors throughout the 

year.  

2.6.3.2 California South 

Most loads in southern California are served by the SoCalGas intrastate 

system.19 This system has a number of interconnections to interstate pipelines 

at or near the southern California border; most gas supplies to SoCalGas are 

supplied by the El Paso, Transwestern, and Kern River pipelines. Like PG&E, 

SoCalGas also relies heavily upon on-system storage facilities to meet seasonal 

peak demands; while the combined firm receipt capacity from interconnections 

with interstate pipelines is approximately 3.9 Bcf/d, the contribution of storage 

facilities allows the system to meet peak daily demands as high as 6 Bcf/d. 

2.6.4 DESERT SOUTHWEST 

The Desert Southwest is defined to include New Mexico, Arizona, and southern 

Nevada. It is uniquely positioned as the only region where the power sector 

consumes more natural gas than the end-use sector, largely due to a lack of 

                                                           
19 The SDG&E system is supplied and operated by SoCalGas. 
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strong heating demand. While coal and nuclear power provide a steady base 

load power supply throughout the year, natural gas is available to meet 

seasonal demands, including in the extreme summer heat; as a result, intra-

region gas delivery demand peaks in the summer. However, downstream 

demands from California’s winter peak region result in overall system delivery 

peaks into the winter. The growth potential for gas loads is largely uncertain and 

in large part is dependent upon potential coal plant retirements and 

replacement decisions. Gas loads are primarily served by several large diameter 

pipelines, all of which also transport gas to the southern California border 

 The El Paso Natural Gas Pipeline, whose Northern and Southern 
Mainlines provide 2.35 and 2.5 Bcf/d of capacity to the Desert 

Southwest; 

 Transwestern Pipeline, which provides 1.2 Bcf/d of capacity from the 
San Juan Basin to Arizona and the California Border; 

 Questar Southern Trails, a small pipeline that can transport 0.1 Bcf/d 
from the San Juan Basin to the California border; and 

 Kern River pipeline, which provides approximately 2 Bcf/d of capacity 
for direct service to a number of generators in southern Nevada and 

California before connecting to the SoCalGas and PG&E systems.20 

Most of the region’s natural gas generators are located directly along the 

interstate pipelines; the largest concentrations of power plants are along the El 

Paso Southern Mainline near the Palo Verde trading hub and along the Kern 

River pipeline in southern Nevada. 

                                                           
2020 Power plants and industrial loads located in California that receive service from the Kern River/Mojave 
pipeline system are included in the Desert Southwest in this study so that the SoCal Gas and PG&E intrastate 
systems define the boundaries of the two California regions.  
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Unlike a number of other regions in the Western Interconnection, the Desert 

Southwest has no major natural gas storage facilities. This is predominantly a 

result of its geologic characteristics, which make siting underground storage 

reservoirs a challenge. 

2.6.5 GREAT BASIN 

The Great Basin region captures the natural gas loads upstream of southern 

Nevada on the Kern River pipeline. Most electric loads in the region are served 

by PacifiCorp, which relies on a combined portfolio of gas and coal resources to 

generate electricity. However, compared to the amount of gas consumed 

directly in the various end use sectors, the power sector represents a relatively 

small portion of gas consumed in the region.  

The Questar Pipeline system is the major transporter of gas to serve regional 

loads; its receipt network in the Rockies supply basins connects with the nearby 

center of demand in Salt Lake City. The Kern River pipeline, which has a design 

capacity of 2.2 Bcf/d, also traverses the region. Most of its capacity is reserved 

by firm shippers in downstream areas of southern Nevada and California, but 

small portions have been reserved by Questar Gas (the local LDC) and PacifiCorp 

to meet loads in the region. 

2.6.6 MONTANA 

The relatively small natural gas loads of Montana are supplied predominantly 

with gas from the nearby Rockies supply basin. Most of these demands are in 

end-use applications: Montana’s electric generators are almost entirely coal, 

hydro, and renewable resources. Moreover, Montana’s natural gas delivery 
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operates largely separately from the large pipeline systems that serve the rest 

of the West; Montana’s relatively small needs are largely met with in-state and 

local production. Because of the region’s relatively limited gas infrastructure 

and gas generation capacity, it is not analyzed at the same level of depth in this 

study. To the extent that the region invests in natural gas generation resources 

in a future scenario, supplying those resources would almost certainly require 

expansion of existing gas infrastructure. 

2.6.7 PACIFIC NORTHWEST 

The Pacific Northwest’s electric generation is served primarily by hydro power 

due to a vast natural resource base and large build-out of dams throughout the 

20th century. However, as continued growth over the past decade has resulted 

in regional loads that exceed the capability of the region’s hydroelectric 

resources, utilities have responded by constructing a number of major new gas 

facilities. In the I-5 corridor, many of the new investments in natural gas 

generation have been sited behind the citygates of the region’s LDCs; as a 

consequence, generators in the region are susceptible to curtailment not only as 

a result of conditions on interstate pipelines but on the distribution network of 

the LDC as well. Compared to the region’s use of gas for end use applications—

especially heating during the winter season—the magnitudes of the power 

sector’s demand are low; however, the coincidence of electric and natural gas 

peak demands in the winter results in high demands for natural gas among end 

uses at the same time that regional gas generators play a crucial role in 

preserving electric sector reliability. 

For gas purposes, this region has been split into two: West and East 
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2.6.7.1 Pacific Northwest – West 

The Pacific Northwest – West region includes loads in western Washington and 

Oregon, also known as the I-5 corridor. The primary source of gas to the region 

is British Columbia’s Spectra system (1.7 Bcf/d), which serves demands in the 

Vancouver area and also supplies gas to the Williams Northwest system at 

Sumas. The Williams Northwest pipeline provides additional supplies to the 

region through the Columbia River Gorge (0.55 Bcf/d). To meet winter peak 

demand, the region also has a number of storage and LNG peak-shaving 

facilities. The largest of these are Jackson Prairie (1.2 Bcf/d) and Mist (0.5 Bcf/d); 

with the contributions of these and other smaller facilities, the region’s 

combined capability to meet peak demand is approximately 4.3 Bcf/d. 

2.6.7.2 Pacific Northwest – East 

The gas infrastructure of the Pacific Northwest – East serves dual purposes, 

providing gas to loads in the region and also transporting a large volume of gas 

to the California border at Malin. Historically, the TransCanada GTN pipeline, 

which receives up to 2.7 Bcf/d at the Kingsgate receipt station on the California 

border, was the sole supply of gas to the California border; however, in 2011, 

the Ruby Pipeline, a 1.5 Bcf/d pipeline between the Rockies production basin 

and Malin, was constructed in response to growing interest in supply diversity in 

California. As a result of this project, the total amount of gas that can be 

supplied to Malin—approximately 3.7 Bcf/d—far exceeds the capability of 

PG&E’s Redwood path, and the GTN system’s utilization has been reduced while 

Ruby has operated at high utilization factors. 
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This study considers the Pacific Northwest – East system as a whole, assessing 

the combined capabilities of these two pipeline systems, as well as the Williams 

Northwest Pipeline flowing north from the Rockies (0.65 Bcf/d), to meet the 

collective needs of the region’s gas users as well as downstream users in 

California who rely on an ample supply of gas at Malin. 

2.6.8 ROCKY MOUNTAINS 

Unlike many of the other regions considered in this analysis, for which the 

adequacy of gas infrastructure is closely linked to the dynamics of their 

neighboring regions, the supply of gas to the Rocky Mountain region is largely 

independent. Most gas to the region is delivered from Rockies production basins 

via the Colorado Interstate Gas (CIG) pipeline system, which serves the gas and 

electric loads of Xcel Colorado. In addition to a rich network of relatively small-

diameter pipelines, the CIG system includes a large number of storage facilities 

located to the east of the Front Range, the region’s major load center. These 

facilities play a key role in allowing the region to meet seasonal peak demands 

and provide gas users with operational flexibility to withdraw gas at variable 

rates as needed without placing significant stresses on the gas pipeline network. 

Several other major pipeline systems traverse the region, but because their 

primary purpose is to connect eastern markets with gas from the Rockies basin, 

their capabilities are not considered in evaluating the adequacy of gas 

transportation infrastructure in the Western Interconnection. 
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3 Methodology & Assumptions 

In Phase 1, the study seeks to identify circumstances under which the available 

natural gas infrastructure in each region would be insufficient to meet the 

potential demands of the electric sector on a daily basis. With its increased 

reliance on natural gas, the electric sector faces two key vulnerabilities: 

 When total demand for natural gas exceeds the capability of natural gas 
infrastructure and the volume of the electric sector’s demand exceeds 
its firm contract volume; or 

 When a portion of natural gas infrastructure is unavailable and pipeline 
companies/LDCs must curtail firm natural gas loads. 

This study seeks to understand the degree of the electric sector’s vulnerability 

to both of these types of events: the former through analysis of natural gas 

demands under the assumption that all regional natural gas infrastructure is 

available to meet peak demand and the latter under the assumption that a 

contingency renders a substantial portion of natural gas infrastructure 

unavailable. 
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3.1 Scenarios, Sensitivities, and Contingencies 

This study analyzes a carefully chosen set of scenarios, sensitivities, and 

contingencies to understand the implications of the electric sector’s reliance on 

natural gas infrastructure. Within this study, these terms are defined as follows: 

 A “scenario” represents a future state of the region in the ten-year 
horizon, including assumptions on the demand for energy (both electric 

and natural gas) and the infrastructure in place to meet those demands. 

 A “sensitivity” examines the impact of changing a single underlying 

assumption in a scenario in order to understand its impact on the 
study’s findings. 

 A “contingency” refers to a short-term disruptive event that might 
occur within the context of a scenario. 

The approach of using scenarios and sensitivities is a common one when faced 

with a broad range of future uncertainty. This study also examines 

contingencies as a means of providing further detail into the nuances of the gas-

electric interface in the future. 

Each scenario, sensitivity, and contingency evaluated in this study is considered 

as a “snapshot” of future conditions developed based on assumptions that 

reflect a study year of 2022.21 However, the analysis conducted herein and 

conclusions drawn from that work are not intended to be linked directly to that 

year. A number of the changes to the electricity sector in the various scenarios 

                                                           
21 The year 2022 was chosen in this analysis primarily because of the readiness of TEPPC’s 2022 Common Case, 
which provides the foundation for the analysis of the electric sector. 
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could occur more quickly (or more slowly) than implied by the scenarios 

studied, and the rates of those changes could result in meaningful impacts to 

the gas system before (or after) the time frame studied here. Accordingly, this 

study’s analysis of scenarios should not be viewed as representing expected 

conditions that are specific to 2022 but rather within the context of the 

magnitudes of changes to the electric sector that they evaluate.  

3.1.1 SCENARIOS ANALYZED 

As this study focuses on the reliance of the electric sector upon natural gas, 

scenarios were chosen based both on the basis of their expected impact on 

natural gas consumption in the Western Interconnection and on their 

plausibility. Especially because of the former consideration, the set of scenarios 

considered within this analysis might differ from some issues that have recently 

drawn the attention of electric sector planners and policymakers, but only in 

order to highlight uncertainties that will have meaningful implications for the 

gas-electric interface. Four scenarios were chosen for analysis in this study: 

 Base Case: a “Reference Case” that reflects current policy and trends in 
the electric and natural gas sectors. 

 High Coal Retirements Case: a scenario in which a large portion of the 
Western Interconnection’s existing coal generation fleet is retired and 
replaced with natural gas generation. 

 High Renewables Case: a scenario in which utilities pursue renewable 
investment beyond current statutory targets, displacing gas and other 

generation resources. 
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 High Exports Case: a scenario in which new large volumes of gas are 
exported from the Western Interconnection to meet needs of other 

countries. 

The process by which these scenarios were selected for analysis, which included 

input from the Technical Advisory Group as well as external stakeholders, is 

described in the Appendix.  

Each scenario on this list is chosen for its distinct potential impacts on the gas-

electric interface. While this list is small compared to the manifold uncertainties 

facing the electric sector in particular over the coming decade, it is expected 

that the lessons learned from each scenario may be generalized across 

alternative futures whose consequences on the gas-electric interface would be 

similar.  

3.1.1.1 Base Case 

Purpose: To analyze the adequacy of natural gas infrastructure in the Western 

Interconnection under expected trends in energy usage, existing energy policy, 

and current utility planning; to provide a benchmark against which other 

scenarios can be compared. 

Description: The Base Case is intended to represent a plausible future of energy 

supply and demand in the Western Interconnection given current industry 

characteristics and trends as well as existing energy policy. The electric sector’s 

demand for natural gas will be determined based on TEPPC’s 2022 Common Case. 
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Technical Assumptions: At the time of this study, WECC was in the process of 

developing the 2024 Common Case, the successor to the foundational case used 

in this analysis. While the timing of this study did not permit the team to wait for 

the release of the new database, several technical adjustments were made to the 

2022 Common Case in order to reflect major developments in the electric sector 

that are expected to be incorporated into the 2024 Common Case. Several types 

of adjustments were made: 

 Adjustments to generation resource assumptions. The assumed 

generation resources that are included in the 2022 Common Case 
reflected the best information available to TEPPC stakeholders and staff 

at the time the case was created, but some of these assumptions have 
become outdated. The recent and unexpected retirement of the San 

Onofre Nuclear Generation Station (SONGS), recently announced 
intentions to retire certain coal plants, and a change in the expected 

renewable portfolio mix that will meet California’s 33% RPS are each 
substantive developments that have occurred since that case’s 

development and that will likely be reflected in the 2024 Common Case. 
These changes are reflected in the Base Case for this study to better 
capture the current expectations of the WECC’s future. Retired plants 

are assumed to be replaced with an equivalent capacity of natural gas 
combined cycle generation at the same location. 

 Exclusion of uncertain future resources. The 2022 Common Case 
included some new generation resources whose certainty of 

construction is low and yet would have a major impact on interregional 
electricity flow and regional gas generation patterns. These resources, 

which include a number of planned large hydroelectric facilities in 
British Columbia and a new fleet of combined heat-and-power plants in 
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California, were removed from the Base Case primarily because of their 
uncertainty. 22 

 Improved input data. The Base Case incorporated the results of recent 
efforts of TEPPC stakeholders and the staff of the California Energy 

Commission to improve the regional gas price forecast in order to better 
capture regional economic differences in gas generation. 

More detail on the motivation behind each of these changes and their technical 
assumptions are provided in the Appendix. 

3.1.1.2 Coal Retirement Case 

Purpose: To investigate whether a large and sudden increase in the total volume 

of natural gas demand by the electric sector will strain the physical capability of 

the pipeline systems by assuming the retirement of a substantial portion of 

WECC’s remaining coal fleet. 

Description: While a number of utilities have announced plans to retire some of 

the large coal plants in the Western Interconnection over the coming decade, 

many are slated to remain in service. However, several mechanisms could 

plausibly lead to further retirements over this time frame such as increased power 

plant emissions restrictions at the federal level or a high carbon tax resulting in a 

transition away from coal generation resources. The retirement of a sizeable 

portion of the remaining coal fleet in the Western Interconnection could result in 

a substantial increase in the demand for natural gas in the region. 

                                                           
22 California policy calls for as much as 6,000 MW of CHP. While there is considerable uncertainty about how 
much CHP will ultimately be developed, a sensitivity was performed that showed that the removal of roughly 
1,700 MW from the Base Case would not have a material impact on the study’s findings. 
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Technical Assumptions: This case reflects a 50% reduction in WECC coal 

capacity relative to the 2022 Base Case, where all of the retired coal capacity is 

replaced with an equivalent amount of gas-fired CCGT capacity at the same 

location. To reach the required reductions in coal capacity, a screening analysis 

based on age, efficiency, and size was used to identify plants that would face a 

high risk of retirement due to potential water and air regulations. The resulting 

assumptions used to model the High Coal Retirements Case are summarized in 

Table 1. 

Table 1. Installed coal generation capacity by region, Existing (as of 2010), Base 
Case, and High Coal Retirements Case 

Region 
2010 Existing 

(MW) 
2022 Base Case 

(MW) 

2022 High Coal 
Retirements 
Case (MW) 

Alberta 6,467 5,385 2,424 

British Columbia 0 0 0 

California – North 102 102 0 

California – South 138 138 0 

Desert Southwest 10,765 8,763 5,417 

Great Basin 9,140 8,638 2,274 

Montana 2,511 2,511 1,645 

Pacific Northwest – East 1,293 783 203 

Pacific Northwest – West 1,456 728 0 

Rocky Mountains 7,647 6,520 4,580 

Total 39,518 33,568 16,543 

3.1.1.3 High Renewables Case 

Purpose: To study whether increased variability and uncertainty in natural gas 

demand by the electric sector—especially on an intraday time scale—will create 
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new challenges for natural gas infrastructure through a scenario that includes 

renewable penetrations above current state RPS requirements.23 

Description: The Base Case assumes that each state will be in compliance with its 

current renewable policy goal in the future; however, a number of factors might 

drive continued renewable investment beyond the levels required by current 

policy: 

 Increases in state renewable portfolio standards; 

 High carbon taxes and/or continued renewable cost declines that lead 

to market-driven investment in renewable generation; and 

 State-mandated renewable procurement to replace the retirement of 

SONGS in California. 

Increases in renewable penetration would introduce additional variability in the 

use of natural gas in the power sector, as the sector would increase its reliance on 

gas generators to ramp and balance the intermittency of wind and solar 

resources. The potentially unforeseen intraday swings in gas demand from these 

generators may challenge the operating ranges of natural gas pipelines. 

Technical Assumptions: To capture the impacts of higher renewable 

penetrations in the electric sector in the High Renewables Case, state-by-state 

adjustments to the Base Case renewable portfolios were made by E3 and the 

                                                           
23 Because the High Renewables Case results in reduced demand for natural gas relative to the Base Case, its role 
in Phase 1 of this study, which does not consider renewable integration issues, is limited. However, the impact of 
higher penetrations of renewables on the intraday operations of natural gas generators is a central focus in Phase 
2.  
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TAG with a goal of capturing plausible levels of renewable penetration above 

current statutory requirements. 

Figure 17. WECC-wide renewable generation in the Base Case and High 
Renewables Case. 

 

3.1.1.4 High Exports Case 

Purpose: To explore whether a sudden growth in exports of natural gas from the 

Western Interconnection could reduce the available capacity of pipelines, and 

thereby natural gas needed to serve electric generators, to a degree that it poses 

vulnerabilities to electric reliability. 

Description: A growing area of interest in the natural gas industry is the prospect 

of exporting natural gas from the Western Interconnection to other regions. Two 

immediate export paths are of interest in this study: 
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 Exports to Mexico from the Desert Southwest. The most immediate of 
these potential export sources is the possibility that regional pipelines in 

the Southwest would begin exporting large volumes across the border 
to Mexico. 

 Liquefied Natural Gas (LNG) Exports from the Pacific Northwest. A 
number of potential LNG export facilities along the Pacific coast are in 

various early stages of planning and development. If constructed, these 
facilities would create a substantial new source of demand for natural 

gas in the Pacific Northwest. 

With increased utilization of the regions gas infrastructure for large export 

volumes the availability of gas to downstream areas could be reduced—

particularly for California—that may pose challenges for electric system 

reliability. 

Technical Assumptions: To construct this scenario, no major changes were 

made to the Base Case electric and end use demands within the footprint of the 

Western Interconnection. The key characteristic of this scenario is additional 

export volumes to Mexico from the southwestern region and overseas from the 

Northwest. 

The growth of exports to Mexico from the Western Interconnection24 in this 

scenario is assumed to reach a level of 2 Bcf/d within the horizon of the 

analysis—an increase of roughly 1.5 Bcf/d relative to today’s levels of export.  

                                                           
24 Additional exports to Mexico may occur from portions of Texas that are outside of the Western 
Interconnection. 
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The assumptions for LNG exports from the Pacific Northwest are based upon 

announced plans for a potential facility at Jordan Cove, Oregon, which would 

provide for the capacity to export 1.2 Bcf/d. The facility would also require the 

construction of a 400 MW combined cycle gas plant, whose operations would 

provide the power necessary to run the liquefaction process. This scenario 

assumes that the facility would receive gas via a new pipeline extension from 

the Malin trading hub on the California border, facilitating access to both 

Canadian and Rockies gas supplies via the GTN and Ruby pipelines, respectively. 

3.1.2 SENSITIVITIES ANALYZED 

3.1.2.1 Firm and Interruptible Gas Demands 

The risk of gas curtailment to the electric sectors in regions served by interstate 

pipelines is sensitive to the assumed volume of firm contracts held by power 

plant operators and utilities. Determining this value precisely is difficult for a 

number of reasons. NERC conducted a survey of western electric generators in 

2013 to determine what proportion had contracted for firm transportation 

service. Unfortunately, not all electric generators responded to the NERC 

survey. As a starting point for this study, we assume, as NERC did, that all non-

responding generators do not have firm transportation service. However, 

because the results of the study are sensitive to this assumption, this sensitivity 

examines how the findings and conclusions might change if 25% of non-

responding generators (by capacity) actually held firm service. 
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3.1.2.2 Installed Natural Gas Generation Capacity 

The potential adequacy of gas infrastructure to meet the needs of the electric 

sector depends on what those needs are; the Base Case includes a set of 

assumptions on the build-out of natural gas generation capacity across the 

Western Interconnection over the coming decade. This sensitivity adds 1,000 

MW of gas generation—the equivalent of two new combined cycle plants—in 

each region and assesses the adequacy of pipeline infrastructure to meet the 

incremental demands of these plants. In regions served by interstate pipelines, 

the impact of this load is assessed under the assumption that it receives 

interruptible service; on California’s intrastate systems, like other electric loads, 

these plants would receive non-core transportation service. 

The results of this sensitivity are useful not only in the context of the 

uncertainty around the amount of investment in gas generation that may occur 

in each region over the coming decade but also for evaluating the impact of 

state policies. California’s governor has set ambitious goals for new combined 

heat and power over the coming decade that would plausibly increase the 

amount of gas burned by the electric sector. The 1,000 MW value used in this 

sensitivity for both northern and southern California is a plausible 

representation of the amount of new CHP capacity that might be expected as a 

result of these policy goals, and so this sensitivity is also used to comment on 

the impact of such goals. 
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3.1.2.3 Downstream Displacement 

The regional geographic scope of this analysis requires simplifying assumptions 

regarding the interactions between upstream and downstream regions with 

respect to natural gas transport. In the methodology that is used to evaluate 

infrastructure adequacy, it is assumed that the infrastructure in one region must 

be capable of meeting its full firm obligations to downstream regions while 

serving its own loads. This is a simplification of a robust regional market, and in 

reality, it is possible that shippers in downstream regions may not necessarily 

require their full firm commitment (or that shippers who transport gas in 

response to price signals rather than to serve their own loads might divert 

supplies elsewhere)—especially when the market provides strong economic 

signals. Thus, in regions with downstream demands that are identified as being 

vulnerable to curtailments, the sensitivity of that result to the downstream 

region’s willingness to release its capacity for use in the region of interest is 

tested.  

3.1.3 CONTINGENCIES ANALYZED 

3.1.3.1 Gas Infrastructure Contingencies 

Purpose: To determine the implications of the loss of major elements of the 

natural gas infrastructure on electric sector reliability, this study analyzes a set of 

large gas infrastructure contingencies, considering the impacts of such a 

contingency not only on that region but on potential areas downstream as well. 

Description: In the electric sector, systems are built with redundancy: NERC 

standards require that a system be able to withstand the loss of a major generator 
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or transmission line (N-1 planning) without impacting reliability. While natural gas 

infrastructure is designed with some redundancy, there is no similar uniform 

requirement. Nevertheless, the loss of a major pipeline could result in significant 

disruptions to the electricity system that could last for weeks or months until the 

pipeline is brought back into service. Therefore, the E3 Team and the TAG felt that 

it was worth assessing the effects of this type of natural gas system contingency 

on electric sector reliability. 

In the past decade, several notable and unpredictable events have resulted in 

sections of major natural gas pipelines being taken out of service temporarily: 

 In 2000, a section of 30-inch pipeline operated by the El Paso Natural 
Gas Company in New Mexico ruptured; this section of pipeline was 

taken out of service for repairs while two adjacent lines were taken out 
of service to investigate for damage; and 

 In 2005, a landslide outside of Centralia, Washington resulted in the 
movement of several pipelines operated by the Williams Northwest 

Pipeline; while no damage to the pipelines occurred, Williams shut 
down a section of 26-inch pipeline to ensure safety. 

As the power sector’s reliance on natural gas grows, it becomes increasingly 

important to understand the extent to which such large and unforeseeable 

events could have consequences on the ability of utilities to provide reliable 

services to their ratepayers. 

Technical Assumptions: Four infrastructure contingencies are considered for 

analysis in this study. These contingencies were chosen as representative of 

potential extreme (albeit unlikely) events to understand potential consequences 
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on the gas generators. As with the scenarios, the infrastructure contingencies 

are chosen not to suggest that they are the only contingencies of concern but 

rather to provide instructive conclusions that may be generalized across the 

Western gas system. 

 Loss of Sumas compressor station on Williams Pipeline. The design 

capacity of the Sumas compressor station is 1.3 Bcf/d; the loss of this 
compressor station would place a large strain on the Williams Pipeline 

in the I-5 corridor. 

 Loss of PG&E Line 400. PG&E’s Redwood path comprises two lines: Line 

400 and Line 401. The loss of either of these lines could reduce the 
system’s ability to meet peak loads by as much as 1.25 Bcf/d. 

 Loss of Southern Zone receipt area of SoCalGas system. Total receipt 
capacity of the Southern Zone, where the SoCalGas system connects to 

the El Paso Natural Gas pipeline at Ehrenberg, is 1.2 Bcf/d. 

 Wellhead freeze-off in the Desert Southwest. During the February 2011 

wellhead freeze-off event, the maximum daily production outages were 
1.3 and 0.4 Bcf/d for the Permian and San Juan basins, respectively. This 
study examines a contingency where wellhead freeze-offs reduce the 

amount of gas that can flow into the Desert Southwest by a total of 1.5 
Bcf/d. 

Each of these events is selected to present an extreme but plausible worst-case 

contingency. The purpose of examining such extreme contingencies is thus not 

only to determine whether curtailment of gas loads would occur, but also the 

extent to which operational mitigation strategies might allow the electric sector 

to avoid firm load curtailment under such strained conditions. 
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3.1.3.2 Extreme Weather Event Contingencies 

Purpose: To investigate the impact of regionally coincident and/or persistent 

extreme weather events on the demand for natural gas across all sectors and to 

explore the consequent implications for the power sector’s use of firm and/or 

interruptible service for gas deliveries. 

Description: A particular concern for the industry is the potential for coincident 

extreme weather across the Western Interconnection. Planning for extreme 

weather in the natural gas transportation industry typically occurs at a very local 

level: individual entities sign firm contracts with pipelines to provide fuel 

security even under extreme conditions; LDCs generally sign contracts to ensure 

they can meet demands on their “design days.” However, there is no entity 

responsible for studying the impacts of coincident extreme weather across a 

broad geographic area. One example of such an extreme event would be a 

sustained cold snap along the entire west coast, which could cause 

simultaneous peaks in natural gas demand among non-electric end users, 

leaving limited available pipeline capacity for gas generation at a time when 

electric heating demands could cause simultaneous extreme loads in the electric 

sector. 

Technical Assumptions: Two extreme weather events with broad geographic 

impacts are considered in this study: 

 An extreme cold event based on the winter weather experienced by the 

region in December 1990; and 

 An extreme heat event based on the heat wave that affected the region 

in July 2006. 
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Snapshots of natural gas demands across the West under the weather 

conditions associated with these events are developed based on the underlying 

assumptions of natural gas demand in 2022. 

3.2 Overview of Approach 

Vulnerabilities to the electric sector are analyzed by comparing the capability of 

natural gas infrastructure to assumed demands for natural gas under a variety 

of conditions. The risk of curtailment of interruptible electric generators in a 

region, and in downstream regions, is assessed by determining the total 

expected regional load under extreme winter weather conditions and 

comparing that demand against the capability of the pipeline and storage 

infrastructure available to meet that demand. Where total regional gas demand 

exceeds the capability of the infrastructure, the electric sector will be at risk for 

gas curtailment if it relies on interruptible service during that period. 

This study utilizes a five-step methodology to analyze the adequacy of gas 

infrastructure to meet the needs of the electric sector as summarized in Figure 

18. 
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Figure 18. Steps in methodology to evaluate infrastructure adequacy. 

 

These steps are described in more detail in the following paragraphs: 

1. Establish the regional “load carrying capability” of natural gas 
infrastructure during a winter peak day. The “load carrying capability” 

reflects the maximum load that could be served on a winter peak day by 
regional gas infrastructure. This is determined through consideration of 

two factors: physical capability of existing infrastructure and the design 
criteria by which pipeline systems are sized. 

2. Forecast regional end use and electric demands under extreme winter 
weather conditions. The assessment of infrastructure adequacy is 

determined through comparison of the load carrying capability of gas 
infrastructure with expected natural gas demands on specific days—in 

Step 1: Establish regional estimate of “load carrying capability”

Step 2: Forecast demands for natural gas under winter conditions

Step 3: Determine how much capacity will be used by firm shippers

Step 4: Determine whether interruptible loads can be met with available 
capacity

Step 5: Translate curtailments to electric terms and compare to 
operational mitigation strategies

RESULT: Total infrastructure capability

RESULT: Firm/interruptible electric/end 
use loads

RESULT: Capacity available for 
interruptible shippers

RESULT: Possible curtailment of gas 
service to electric generators
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most cases during extreme winter weather. Demands for natural gas in 
the electric sector are derived through analysis of the results of WECC-

wide production simulation modeling. Snapshots of extreme daily 
natural gas loads for the non-power sectors are derived by analyzing 

historical patterns of consumption and temperature to derive a 
relationship between consumption and weather. This step yields a 

forecast of total natural gas loads that includes both firm and 
interruptible demands25 for natural gas under 1-in-2, 1-in-10, and 1-in-

35 winter weather events in each region. 

3. Determine how much of the regional load carrying capability will be 

used by firm customers under extreme winter conditions. The demand 
of firm customers under each of the extreme loading conditions is 

subtracted from the regional load carrying capability to determine the 
amount of capacity that remains for interruptible service. Under 1-in-2 

conditions, firm demands are smaller than their firm contract quantities, 
so the amount of capacity available to meet interruptible loads is 
greater than under 1-in-35 conditions, when firm demands would be 

expected to reach the levels of their firm contract quantities. 

4. Evaluate whether interruptible loads can be met given firm demand 

on the infrastructure. The sum of electric and non-electric interruptible 
loads is compared against the available capacity that remains after 

accounting for the demands of firm customers. Where the remaining 
capacity is smaller than the total demand, curtailments of interruptible 

loads are likely. As it is difficult to predict who, under such 
circumstances, would receive gas and who would not, this analysis 

                                                           
25 The description of the series of steps used to assess pipeline adequacy uses the nomenclature of the interstate 
pipeline systems. In California regions, demands are distinguished as core and non-core rather than firm and 
interruptible.  
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assumes the curtailment is allocated on a pro rata basis between 
electric and non-electric interruptible loads.26 

5. Compare potential gas curtailments in the electric sector to select 
available operational mitigation strategies. The estimated volume 

(MMcf/d) of gas supplies to the electric sector that are curtailed are 
translated into electrical terms, approximated based on the equivalent 

percentage of electric sector demand that would be curtailed; the 
results are expressed in terms of the average amount of capacity that 

would not receive gas throughout the day, a metric that is expressed in 
“megawatt-days”. Curtailment of gas service to a generator does not 

equate to curtailment of firm electric loads; the estimate of gas 
generation curtailed is quantitatively compared against two operational 

mitigation strategies: (1) the estimated capacity of regional gas 
generation with backup fuel capability; and (2) the unloaded capacity on 

potential import transmission paths (accounting for the amount of 
unloaded gas capacity in neighboring regions). 

It is important to characterize the estimates of potential curtailment of electric 

generation provided in this report appropriately. This study assesses the ability 

of the interstate and intrastate transportation networks, coupled with the 

withdrawal capabilities of market area storage facilities, to deliver sufficient gas 

to a region to meet average demand across certain days. This methodology will 

not capture constraints on local gas infrastructure within each of the regions 

analyzed, which may contribute additional challenges to the delivery of natural 

gas to the electric sector. There are a number of instances throughout the 

Western Interconnection where local constraints might cause such challenges: 

                                                           
26 The total amount of interruptible gas loads subject to curtailment in each region is spread between electric and 
end use loads in proportion to their relative size (e.g. if electric loads are double end use loads, this study allocates 
twice the volume of curtailment to those customers). 
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 In the I-5 Corridor, a number of generators are located behind LDC 
citygates and thus rely not only on the interstate system but on the 

distribution network of the LDC as well. 

 Within the territory of Southern California Gas Company, there are 

areas where the ability to deliver gas to noncore customers can be 
capacity constrained; these include both San Diego and the San Joaquin 

Valley. 

More granular geographic analysis would be needed to understand the impacts 

of such local constraints on the gas system. 

Similarly, in Phase 1, this study does not consider the intraday diurnal patterns 

of variability and the consequent impacts on the adequacy of gas infrastructure. 

The variability of gas consumption within the day could present challenges 

beyond those considered here. These challenges will be considered in Phase 2 

of this study. 

Infrastructure contingencies are assessed using the same framework but 

assume that the delivery capability to each region is reduced according to each 

contingency’s definition. As a consequence of a major infrastructure 

contingency, a pipeline is released from its obligations to its firm customers; 

thus, in the contingency analysis the risk of curtailments to firm electric users of 

gas is considered as well. 

3.3 Regional Load Carrying Capabilities 

The regional load carrying capability represents the total amount of gas that 

could be supplied to loads in a region as well as downstream firm needs of other 
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regions. The regions are treated in two different ways in this analysis depending 

on their expected balances between gas infrastructure and demand:  

 In regions where gas infrastructure is roughly sized to meet regional 
loads and downstream needs, gas infrastructure is assumed to be in a 

long-run balance with the loads it serves. On such systems, the load 
carrying capability of the system is deemed equal to the calculated 

design criterion based on expected gas loads (i.e. the sum of expected 
firm contracts on interstate pipelines). This approach is used to illustrate 
the long-run vulnerabilities to the electric sector on systems whose size 

is directly linked to the loads they serve and is applied to the Desert 
Southwest, Great Basin, Pacific Northwest – West, and Rocky Mountain 

regions.27 

 In regions where the capability of existing infrastructure exceeds the 

long-run expected regional loads, the load carrying capability is based 
on the design capability of existing infrastructure. Applying this 

approach in regions where a long-run surplus of capacity is expected 
allows the analysis to capture the impact of that surplus in the 

evaluation of gas adequacy for the electric sector. This approach is 
applied in the Pacific Northwest – East (where additional capacity has 

been built in response to interests in supply diversity rather than in 
response to growing loads)28 as well as in both California regions (where 

                                                           
27 This approach results in load carrying capabilities in each of these regions that may differ slightly from the 
published capacities of each system. This is not intended to suggest that the “load carrying capability” of the 
region will be reduced in the future, but is rather adopted as an approach to evaluate a system in long-run 
balance. This approach also helps eliminate one potential source of error in the analysis: because of the number 
of different data sources used in this analysis to characterize gas infrastructure capacity and demand, this 
approach also helps ensure that results are not artificially shaped by the combination of disparate data sources. 
28 This study makes an assumption that during the horizon of this analysis, the interstate pipelines that serve the 
Pacific Northwest – East will remain in service due to sufficient levels of subscription. However, it is worth noting 
that multiple pipelines with declining subscriptions to firm service are currently contemplating conversion to oil 
service, including TransCanada’s Mainline and the Pony Express Pipeline. 
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the capabilities of the intrastate systems exceed their respective design 
criteria). 

In the regions where load carrying capability is established based on the 

assumption of long-run equilibrium, the total demand for firm service is 

calculated as the sum of three components: 

 Forecast of firm contract volumes of regional end-use loads. Each 

region’s firm contract volumes for end use natural gas demands are 
estimated by calculating the 1-in-35 regional peak demand (see Section 

7.3). This volume is assumed to reflect the combined “design-day” 
demands of constituent LDCs and firm industrial customers.  

 Forecast of firm downstream needs. Firm downstream needs are 
estimated based on historical data and firm contracts. In California, the 

major downstream market for gas, firm contract volumes are 
determined through a review of historical daily receipts on the PG&E 

and SoCalGas systems. 

 Estimate of present-day electric sector firm contract volume. This 

study relies upon the present-day firm contract volumes identified in 
the NERC survey of the Western Interconnection (see Section 3.5.3). 

Using today’s firm contract volume—rather than attempting to forecast 
what it might be in 2022 given the behavior of utilities and merchants—
creates a foundation for analysis that reflects the outcome of inaction in 

the electric sector.  

This estimate is compared against estimates of the region’s existing physical 

capacity to ensure that the established load carrying capability is not 
dramatically different from existing physical capability. 

In the regions where surplus capacity exists for the reasons described above, 
the load carrying capability is determined based on the physical capabilities of 
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existing pipeline and storage infrastructure. This information is gathered from a 
number of public sources, including:  

 Information posted by interstate pipelines on electronic bulletin boards 
(EBBs), as required by FERC; 

 CPUC documents for California intrastate systems;29 

 Winter preparedness reports to the Arizona Corporation Commission 

for pipelines in the Desert Southwest;30 and 

 PNUCC and NWGA studies for interstate pipelines, storage facilities, and 

LNG peak shaving facilities in the Northwest.31 

The assumed design capacities of existing physical infrastructure are 

summarized in Section 7.5. 

3.4 End Use Demands 

3.4.1 FORECAST METHODOLOGY 

Understanding the daily demand patterns of end-use loads, which include the 

consumption of natural gas in the residential, commercial, and industrial 

sectors, is crucial to an assessment of the adequacy of infrastructure capability: 

the magnitude and timing of peak demands and their coincidence with the 

needs of the electric sector have important implications for the adequacy of gas 

infrastructure The scenarios investigated in this report all rely on a single 

forecast of end use natural gas demand. Especially in comparison to the rapid 

                                                           
29 See CPUC (2010). 
30 See El Paso Natural Gas (2013), Transwestern (2013), Southwest Gas (2013); UNS (2013). 
31 See NWGA (2013); PNUCC (2012). 
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changes in electric sector consumption, gas consumption in end-use sectors has 

remained relatively stable over the past decade and is generally expected to 

remain so in many regions in the coming decade. As a result, each of the four 

scenarios this study considers uses the single forecast described herein.  

The availability of public data on daily gas consumption makes this assessment a 

challenge. To characterize the potential daily demands for natural gas demands 

outside of the power sector in 2022, E3 developed a methodology that uses 

historical average consumption data and temperature indicators. The 

framework under which demand in the end-use sectors in 2022 is determined—

both on an annual basis and under peak day conditions—is outlined below.  

1. Determine historical annual demand in each sector for each LDC in the 

study area. Historical data on the consumption of natural gas and the 
number of consumers in each sector are obtained from EIA Form 176 

for each LDC for recent historical years (2008-2011). This provides an 
estimate of each LDC’s average demand intensity (MMcf/d/cust) on an 

annual basis. 

2. Forecast growth in consumption. Changes in end-use gas consumption 

will be affected both by changes in the size of the customer base and in 
the per capita consumption of gas. Historically, growth in the customer 

base has been approximately offset by improving efficiency in 
consumption, which has resulted in the relative recent stability of end 

use consumption from one year to the next. Looking forward, the 
expectations for growth in consumption used in this study were derived 

from a survey of LDC planning documents. These expectations are used 
to forecast annual LDC consumption in each sector in 2022. 

3. Estimate the historical relationship between natural gas demand 

intensity and temperature. Because end use heating is the major driver 
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of the seasonality of natural gas consumption, natural gas demand in 
end-use sectors is very well correlated with daily temperature. The first 

step in this analysis is to determine, based on historical data, the 
sensitivity of demand in each sector and region to temperature. 

4. Use regression results to estimate peak-day demands. Based on the 
results of steps 1 and 2, it is possible to derive an estimate of expected 

demand for natural gas in each region under any potential weather 
condition. Based on historically observed weather patterns, demand 

forecasts for end use consumption of natural gas are developed for a 
range of peak winter conditions, ranging from a 1-in-2 winter peak 

event to a 1-in-35 winter peak event. 

The scenarios investigated in this report all rely on a single forecast of end use 

natural gas demand. Especially in comparison to the rapid changes in electric 

sector consumption, gas consumption in end-use sectors has remained 

relatively stable over the past decade and is generally expected to remain so in 

many regions in the coming decade. As a result, each of the four scenarios this 

study considers uses the single forecast described herein. 

3.4.2 FIRM AND INTERRUPTIBLE END USE LOADS  

It is assumed that all residential and commercial customers served by LDCs 

receive firm service. However, the same is not true for industrial customers: in 

some regions, large volumes of industrial customers opt to use interruptible 

service for lower rates. For LDCs that serve a particularly large number of 

industrial customers, an approximate split between firm and interruptible loads 

was determined through a review of recent LDC rate cases. 



 

 
 

P a g e  | 99 | 

 Methodology & Assumptions 

© 2014 Energy and Environmental Economics, Inc. 

3.5 Electric Sector Gas Demand 

The forecast of the electric sector’s demand for natural gas is derived through 

production simulation analysis based on TEPPC’s 2022 Common Case. Given a 

database of input assumptions of the sources of generation, electric loads, and 

transmission topology, production simulation software evaluates a WECC-wide 

least-cost dispatch of generation resources to serve load on an hourly basis. The 

dispatch results indicate the magnitude and timing of natural gas demand at 

each plant across the WECC.  

Production simulation analysis is a common method used in electric planning to 

characterize the sector’s operations, so it is a useful tool in evaluating the 

electric sector’s needs for natural gas throughout the year. Multiple software 

platforms for production simulation exist; this analysis relies upon ABB’s 

GridView software to evaluate the operations of the west-wide fleet of electric 

generators in each of the scenarios. 

3.5.1 ROLE OF THE 2022 COMMON CASE 

The 2022 Common Case, while not used directly in this study, serves as the 

foundation for the analysis of the electric sector conducted herein. Every two 

years, WECC staff, with the extensive input of a large group of stakeholders, 

develops a 10-year “Common Case” that serves as a reference case for its ten-

year transmission plan. The case is created based on balancing authorities’ 

submittals of expected loads and generation to WECC’s Loads and Resources 

(LRS) subcommittee; however, additional adjustments are made to the case to 

ensure consistency of assumptions across balancing authorities as well as to 

adjust the case to meet assumed state policy goals: 
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 Each state achieves compliance with the 2022 RPS target mandated by 
its legislature (in cases where the state’s ultimate goal would be 

reached further in the future, a 2022 target was interpolated); 

 Each state reaches policy targets for distributed generation (e.g. 

California’s CSI goal of 3,000 MW; Arizona and Colorado’s RPS set-asides 
for DG resources); 

 Load growth reflects anticipated impacts of utility-funded energy 
efficiency programs and increasing stringency of federal codes and 

standards; and 

 California’s fleet of once-through-cooling (OTC) gas generators are 

retired to achieve compliance with State Water Board regulations (some 
are repowered with dry-cooling technologies). 

The Common Case is also built to meet traditional standards of reliability; to the 

extent that regional capacity is not sufficient to meet a target reserve margin, 

“generic” additional gas-fired generation is added to the case to ensure that the 

system is reliable. 

3.5.2 PEAK DAY GAS DEMAND 

The results of the production simulation analysis are useful for understanding 

annual and seasonal patterns of natural gas use; however, because of the 

electric loads of the 2022 Common Case and the cases in this study built upon it 

are intended to represent average conditions, its results understate the 

potential magnitudes of natural gas demand that the electric sector might 

experience under the types of extreme weather that could strain the capabilities 

of natural gas infrastructure. Thus, to characterize potential demands for 
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natural gas under a range of extreme weather conditions, the following 

methodology is used in each region: 

1. Identify winter peak load day from 2022 production simulation. The 

natural gas burn over the course of this day—an output of the 

production simulation model—is assumed to reflect a “1-in-2” winter 

weather condition, consistent with the architecture of the 2022 

Common Case as an average weather year. 

2. Scale hourly load on the day identified in step 1 to reflect more severe 

winter weather conditions. Scaling factors derived from historical data 

are used to determine the incremental load service that would be 

needed to meet a 1-in-10 and 1-in-35 cold weather event. 

3. Calculate incremental gas consumption needed to meet incremental 

load from step 2. Through spreadsheet analysis of production 

simulation results, gas generators in the region that were not 

dispatched to full load in the simulation are identified and assumed to 

increase their output to meet the incremental load. The associated gas 

burn is added to the gas burn from the production simulation from step 

1 to yield the expected total gas burns for 1-in-10 and 1-in-35 weather.  

The methodology by which these extreme loads and the associated gas burns 

are derived is further described in Section 7.3.  

The ultimate result of this process is a set of regional natural gas demands that 

reflect the expected needs of the power sector associated with “1-in-2,” “1-in-

10,” and “1-in-35” winter weather events. It is important to note that these do 
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not necessarily reflect the highest gas burn that would be expected from the 

electric sector throughout the year (or even throughout the winter), but instead 

capture the expected gas burn during the expected coincident peak demand for 

natural gas resulting from abnormal winter weather. In other words, the “1-in-

35” likelihood does not qualify the gas burn determined for the electric sector 

but rather describes the underlying cold weather event that is linked to that 

demand. 

3.5.3 FIRM AND INTERRUPTIBLE GAS DEMAND 

Whether the gas demand in the power sector is served under firm or 

interruptible transportation service has important implications for the reliability 

of the sector’s fuel supply; however, determining this breakdown is a 

challenging task. In 2013, NERC issued a report assessing the electric sector’s 

dependence on natural gas, the risk it imposes on electric reliability, and 

recommendations to manage those risks. To support their study, NERC 

requested from regional entities the quantity of gas-fired generation served by 

firm and interruptible gas transportation service.  

Balancing authorities within Western Interconnection provided information for 

approximately 30 GW of the region’s 90 GW of gas-fired capacity. Although 60 

GW of gas-fired capacity did not provide responses, about two-thirds of this 

capacity is located on California’s intrastate systems, on which gas generation is 

known to receive non-core service from the gas utilities. The data from this 

study, though not comprehensive, provides an initial foundation for the regional 

estimates of electric generation under firm contract. In several areas where 

additional data was readily available through utility integrated resource plans 
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and regional planning documents, the data provided by NERC was further 

enhanced.32 

Table 2 summarizes, at the regional level, the amount of reported gas-fired 

capacity with and without firm transportation service, as well as the quantity of 

unreported capacity. As noted above, the two California regions are omitted 

from this table as generators on the PG&E and SoCalGas systems are required to 

take non-core transportation service, and are therefore interruptible in relation 

to core customers. 

Table 2. Present-day (2013) reported natural gas generation with firm and 
interruptible transportation service (MW) 

Zone Reported 
Firm  

(MW) 

Reported 
Interruptible 

(MW) 

Not 
Reported 

(MW) 

Desert Southwest            9,913             6,284           11,609  

Great Basin            1,415                   40                 413  

Pacific Northwest - West            2,499                    -               2,639  

Pacific Northwest - East            1,747                 409             2,901  

Rocky Mountains            2,965             1,960             1,896  

Total          18,299             8,692           19,458  

It is worth noting that the NERC survey used as the foundation for this analysis is 

likely a conservative lower-bound estimate of the amount of gas-fired capacity 

that relies upon firm service in each region. The survey’s respondents—

representatives of the balancing authorities themselves—are unlikely to have 

                                                           
32 The NERC survey data was used directly in all regions except the Pacific Northwest – West, where it was 
supplemented with information from Puget Sound Energy’s 2013 IRP and from the Northwest Gas Association’s 
2013 Gas Outlook. These sources were used in addition to the NERC survey to determine the total firm contract 
volume in the Pacific Northwest - West.  
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had access to the information on the gas transportation practices of merchant 

power plants operating within their jurisdiction, and so it is possible that these 

values underestimate the amount of generating capacity that is subscribed to 

firm service in the Western Interconnection. 

The firm contract volumes associated with the gas capacity with firm service 

agreements are shown in Table 3 are used to divide the peak day demands for 

the electric sector in each region into assumed firm and interruptible demands. 

Electric sector demand up to the firm contract volume identified in the table is 

assumed to be met by firm service, whereas any incremental demand is 

assumed to require interruptible service. 

Table 3. Assumed present-day (2013) firm capacity and contract volume of 
natural gas generation in regions served by interstate pipelines. 

State/Province Firm Capacity 
(MW) 

Firm Contract 
Volume 

(MMcf/d) 

Desert Southwest 9,913  1,551  

Great Basin 1,415  281  

Pacific Northwest – East 1,747  324  

Pacific Northwest – West 2,499  615  

Rocky Mountains 2,965 957  

3.6 Downstream Needs Assessment 

This study examines each region independently, accounting for the transfers of 

natural gas between regions through assumptions about downstream or 

upstream needs. These refer to the anticipated firm demand for natural gas in 

downstream regions that would have reserved capacity on gas infrastructure in 
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a given region. In this sense, the analysis conducted herein is not a full 

equilibrium model of the Western Interconnection, but rather presents case 

studies of individual regions based on assumptions of their interactions with 

neighboring regions. 

For pipeline systems that serve both local loads within a region and transport 

gas to other regions of the Western Interconnect, downstream needs are 

assessed by estimating the total firm volume of downstream demand. The 

following pipelines fall into this category: 

 TransCanada GTN, which serves loads throughout Washington and 
Oregon but also provides gas to California at Malin; 

 Ruby, which serves a limited number of loads along the Nevada-Oregon 
border, while the majority of its capacity is used to transport gas to 

northern California at Malin; 

 Kern River, which provides gas to customers in Utah, Nevada and 

Southern California before ultimately delivering gas to both SoCalGas 
and PG&E in southern California; 

 The El Paso and Transwestern systems, both of which serve loads in 
New Mexico and Arizona but also transport large volumes to the 
southern California border (and increasingly to Mexico in the case of El 

Paso). 

Consistent with the overall study framework, downstream needs are assessed 

conservatively, meaning that care is taken to ensure that they are not 
underestimated. Downstream needs are determined on a regional basis; in 

other words, this analysis is agnostic whether the requirements of northern 
California are met by Ruby or TransCanada GTN or whether requirements at the 

southern California border are met by Kern River, Transwestern, or El Paso. The 
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assumptions on downstream firm needs used in this analysis are discussed in 
the Section 7.6. 

3.7 Evaluating Infrastructure Adequacy 

Two modeling frameworks are used in this study to understand the potential 

constraints on the gas system related to the needs of the electric system. The 

first is a regional capacity balance, which compares the total assumed load 

carrying capability of gas infrastructure with the total expected regional loads; 

the second is a hydraulic modeling approach in which a simplified hydraulic 

model of the Western Interconnection is used to evaluate a number of specific 

loading conditions to identify more specific types of constraints on the system. 

3.7.1 REGIONAL CAPACITY BALANCE 

The regional capacity balances compare the regional load carrying capability of 

gas infrastructure, which reflects the combined capabilities of pipelines & 

storage, with total expected natural gas demands in each region (including 

assumed downstream obligations) to assess the adequacy of natural gas 

infrastructure. When regional infrastructure—the combined capabilities of 

storage and pipelines—are insufficient to meet the combination of expected 

firm and interruptible demands, curtailment of interruptible loads will result.  

3.7.2 STEADY-STATE HYDRAULIC MODEL 

To provide additional information on potential constraints in the ability of 

natural gas infrastructure to serve peak winter loads, DNV GL has developed a 

simplified steady-state hydraulic model using its SynerGEE software whose 



 

 
 

P a g e  | 107 | 

 Methodology & Assumptions 

© 2014 Energy and Environmental Economics, Inc. 

geographic extent spans the Pacific Northwest, California, and Desert Southwest 

regions analyzed in this study. The model was developed from publicly available 

data: a database of Western US pipelines obtained from Platts provided a 

foundation for the model, which was further refined and improved through the 

incorporation of data from other public sources and through data requests to 

pipelines participating in the project. 

3.8 Operational Mitigation Measures 

In the event that gas generators are not able to receive fuel through natural gas 

transportation infrastructure, electric system operators have a number of 

options that might help mitigate the resulting impacts to electric system 

reliability. These include: 

 Dispatch of generators with on-site backup fuel capabilities; 

 Scheduled imports from other regions in the West with available 
generation capacity; 

 Dispatch of local demand response programs in response to gas 
infrastructure constraints; and 

 Dispatch of non-gas (particularly hydroelectric) resources. 

Each of these mitigation measures is worth exploration for its ability to help 

electric sector operators respond to emergency conditions resulting from gas 

infrastructure constraints; however, due to data and resource limitations, this 

study only considers the first two quantitatively. 
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3.8.1 BACKUP FUEL CAPABILITY 

Some natural gas generators are configured to run on distillate fuel in place of 

natural gas, if necessary. In its 2013 survey to assess the volume of gas service 

to electric generators under firm contract, NERC also requested that 

respondents provide the amount of gas-fired generation capacity with backup 

fuel capability.33 This information is integrated into the analysis to compare 

against potential curtailments to gas generators. However, like the volume of 

firm contracts that this survey provides, responses were limited, and the 

information incorporated in this study is likely a conservative lower bound of 

the amount of generation that might have fuel-switching capability. 

3.8.2 INCREMENTAL ELECTRICAL IMPORTS 

As a whole, the Western Interconnection’s electrical peak is in the summer; as a 

result, during the winter, many regions have generation capacity that does not 

operate at full load. Thus, when one region’s gas infrastructure is constrained, 

system operators may be able to draw power from other regions of the Western 

Interconnection with available capacity.34 This study evaluates this possibility 

through an analysis of the regional dispatch and power flows that are outputs of 

the production simulation modeling used to characterize the electric sector’s 

demand for natural gas. A region’s ability to increase imports to resolve 

constraints on another region’s gas system is calculated as the lesser of two 

quantities: 

                                                           
33 To qualify as having backup fuel capability, a generator would have to have the ability to switch fuels with a 
four-hour notice period. 
34 In some regions, the availability of “imports” as a mitigation measure to relieve gas constraints would actually 
be a reduction in the region’s net exports. This is the case on the Desert Southwest, which throughout the year 
exports large volumes of power to California. 
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 Incremental import capability. The unutilized capacity of transmission 
lines that connect one region to its neighbors is determined by 

subtracting hourly imports from the path rating of major import paths 
that link the region to neighboring regions. 

 Unloaded gas generation capacity. The amount of gas generation in 
each neighboring region that is not dispatched in the production 

simulation model—and whose output could therefore potentially be 
increased—is calculated by subtracting each unit’s hourly dispatch from 

its nameplate capacity. 

These metrics are calculated on an hourly basis from the WECC-wide dispatch of 

generation in the production simulation analysis.  

This assessment is intended to provide an estimate of the amount of additional 

generation that might be physically transferred between regions on an 

emergency basis in response to a constraint on gas infrastructure in one region. 

However, further investigation would be required to understand whether such 

levels of import would be feasible in electric system operations. 
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4 Base Case Results 

4.1 Overview of Gas Demand 

Across the regions evaluated in this study, demand for natural gas changes 

marginally between the present day and the 2022 Base Case. In many regions, 

demand is expected to remain relatively flat during this period, continuing the 

observed historical trends of the past decade wherein improvements in 

efficiency offset growth of the customer base. The Pacific Northwest is the sole 

exception to this trend, as most LDCs in the region indicate an expectation of 

growth at a rate of approximately 1% per year.35 

In the electric sector across the Western Interconnection, natural gas 

consumption in the Base Case grows at a moderate pace relative to the rate at 

which it has grown over the past decade. Two important factors contribute to 

this trend: first, electric load growth anticipated in the coming decade is 

moderated by state and utility initiatives to promote energy efficiency; and 

second, a large portion of that growth is offset by the addition of new 

renewable generation to meet state policy goals. An additional contributor to 

reduced consumption in the power sector is the replacement of aging gas 

generation with new and more efficient technologies, which reduces the 

                                                           
35 As some of these LDCs explicitly ignore the impacts of future efficiency gains in their forecasts, this rate may be 
conservatively high. 
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amount of gas consumed per unit of electricity produced. As a consequence, as 

illustrated in Figure 20, the mix of resources used to serve load in the Base Case 

does not deviate significantly from historical values with the exception of 

renewables. As is the case throughout the results section, these numbers and 

figures only incorporate the U.S. portion of the Western Interconnection and do 

not include generation in British Columbia and Alberta. 

Figure 19. Installed gas capacity, historical and projected under the Base Case 

 

 

 

Figure excludes Alberta & British Columbia

Historical

Base Case

0

20,000

40,000

60,000

80,000

100,000

120,000

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

In
st

al
le

d 
Ca

pa
cit

y 
(M

W
)



 

 

 Natural Gas Infrastructure Adequacy in the Western Interconnection: An Electric System Perspective 

P a g e  | 112 | 

Figure 20. Resource capacity and generation mix in the Base Case compared to 
historical.36 

 

4.2 Regional Adequacy Assessment 

For each region, the load carrying capability of gas infrastructure is established 

based on the methodology described in Section 3.3. Based on a comparison of 

the available capacity to natural gas loads, the Desert Southwest, Great Basin, 

Pacific Northwest – West, and Rocky Mountain regions are assumed to be in 

long-run balance with their firm service obligations; as such, the design criteria 

is used to establish the load carrying capability in these regions. In the Pacific 

Northwest – East and California regions, the load carrying capability is based on 

                                                           
36 This analysis generally focuses on infrastructure adequacy, which is a function of its ability to meet peak day 
demands. However, total installed capacity and annual total generation are shown here to illustrate general 
trends expected in the scenario. 
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the existing physical capacity, which represents a substantial margin over the 

design criteria. These results are summarized in Table 4. The existing physical 

capacity is based on the design criteria, which are summarized in depth for each 

region in Section 7.5. 

Table 4. Establishment of regional load carrying capabilities in regions served by 
interstate pipelines (MMcf/d) 

  

The risk of fuel interruption to gas generators on systems sized to meet firm 

demand is assessed based on the total firm and non-firm loads under a variety 

of weather conditions. Table 5 shows the magnitude of potential curtailments 

under 1-in-2, 1-in-10 and 1-in-35 cold weather. In general, these results show 

that some curtailments are to be expected under the most extreme 

circumstances (i.e. 1-in-10 and 1-in-35 year winter weather peak conditions). 

The regions where curtailments may occur are those where, under extreme 

winter weather conditions, the capacity of the system would be constrained to 

the point that generators relying on interruptible service would not receive gas.  

Calculated Existing Assumed Load
Design Physical Carrying

Region Criteria Capacity Capability
California - North [1] 4,190               5,281               5,281               
California - South [2] 4,873               6,000               6,000               
Desert Southwest [3] 7,636               8,207               7,636               
Great Basin [3] 3,531               3,600               3,531               
Pacific Northwest - East [3] 4,332               5,192               5,192               
Pacific Northwest - West [3] 4,045               4,397               4,045               
Rocky Mountains [3] 3,922               n/a 3,922               
[1] Design criteria based on core & non-core demands on a 1-in-2 cold winter day
[2] Design criteria based on core & non-core demands on a 1-in-10 cold winter day
[3] Design criteria based on total firm service obligations
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Table 5. Average capacity of natural gas-fired electric generation curtailment 
during peak winter weather conditions (MW-days) 

 

The regional results show that all regions are capable of meeting electric sector 

gas demands during average winter weather events (1-in-2); however, during 

more extreme weather events, curtailments to gas generation may result from 

constraints on gas infrastructure. It bears repeating that this type of analysis 

does not account for curtailments resulting from local constraints within the 

regional topology nor curtailments of interruptible (or non-core) loads 

necessary to meet the diurnal variable demands of firm (or core) customers. In 

fact, while this simple methodology indicates the southern California system has 

sufficient backbone and storage capability to meet even extreme weather 

demands, conversations with SoCalGas have indicated that some non-core loads 

would likely be curtailed in the event of a 1-in-35 winter weather event due to 

both of these factors. Additionally, even under the less extreme 1-in-10 winter 

even, certain areas of southern California have limited capacity to serve the 

entire local noncore demand, such as the SoCalGas San Joaquin Valley area and 

San Diego County (served by SDG&E). For this reason, the technical results are 

best interpreted as indicating that the electric sector may be exposed to some 

curtailment of natural gas under extreme weather events (i.e. generally events 

Gas Generation Curtailed during Extreme
Winter Weather (MW-days)

Region 1-in-2 1-in-10 1-in-35
California - North -                 -                 -                 
California - South -                 -                 -                 
Desert Southwest -                 (1,286)           (2,560)           
Great Basin -                 -                 (346)              
Pacific Northwest - East -                 -                 -                 
Pacific Northwest - West -                 (177)              (1,128)           
Rocky Mountains -                 -                 -                 



 

 
 

P a g e  | 115 | 

 Base Case Results 

© 2014 Energy and Environmental Economics, Inc. 

exceeding the 1-in-10 standard) but that under less severe winter weather gas 

transportation capacity should be sufficient to meet its needs. 

It is also worth noting that due to the interregional nature of both the gas and 

electric markets in the Western Interconnection, the impacts of curtailments 

may not be limited to the regions that this methodology identifies. The 

importance of the interregional dynamics of the two energy currencies is best 

illustrated by considering the role that the Desert Southwest plays in supplying 

energy to California—both through transmission lines and pipelines. 

First, the NERC survey indicates that of the roughly 28,000 MW of gas 

generation in the Desert Southwest, roughly 10,000 MW have firm 

transportation service. Those plants that are known to have firm transportation 

service are generally those owned and/or contracted directly to the large 

utilities in the Desert Southwest—Arizona Public Service, Tucson Electric Power, 

and Salt River Project—whereas the region’s merchant plants (which includes 

plants on the Kern River system located in California), who operate subject to 

economic conditions and often sell power to markets in California, may not have 

firm contracts on interstate pipelines. Under these circumstances, the plants 

owned and operated by the Desert Southwest utilities would not be at risk of 

curtailment; rather, the availability of electric exports to California could be 

reduced as a result of this event.37 

Second, the framework used in this analysis assumes that firm capacity reserved 

for downstream users will flow to the downstream region, an assumption that 

                                                           
37 As the Desert Southwest region analyzed in this study also includes gas generators located in California along 
the Kern River/Mojave Pipeline, curtailments identified in the Desert Southwest may directly affect the availability 
of generation within California as well. 
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belies the complexity of the market dynamics that ultimately determine who 

will receive gas under shortage conditions. While a full general equilibrium 

analysis is beyond the scope of this study, it is worth noting that the amount of 

firm contracts held for delivery to the California border does not guarantee that 

amount of gas will be available at all times. If users in other markets are willing 

to pay a sufficiently high price for natural gas, shippers with contracts for 

delivery at the California border may divert gas flows elsewhere. This market 

dynamic could ultimately “push” a shortage of supply from an upstream region 

(Desert Southwest) to a downstream region (California). This phenomenon was 

observed during January and February of 2014, as gas supplies originating on 

the Rockies and Southwest were diverted from Western markets to more 

lucrative markets on the East Coast, causing a brief disruption to Western gas 

supplies. The potential consequence of such a dynamic is further discussed in 

the Downstream Displacement sensitivity in Section 4.4.3. While the 

consideration of the economics and market effects of natural gas is beyond the 

scope of this analysis, it is nonetheless important to recognize that with the 

interregional nature of natural gas markets, the availability of pipeline capacity 

at the California border does not guarantee the availability of natural gas.  

Of course, even where curtailments are identified by this framework, they may 

not necessarily translate directly to a loss of electric load. This study quantifies 

two of the potential mitigation measures that operators could use to avoid loss 

of load: use of gas generation with backup fuel capability and scheduled imports 

from neighboring regions. For each region, under the 1-in-35 conditions, the 

availability of generation with backup fuel and the potential additional 

scheduled imports are summarized in Table 6. 
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Table 6. Availability of operational mitigation strategies to relieve constraints on 
gas infrastructure (MW-days) 

 

This study identifies regional re-dispatch and the associated increase in imports 

as an important tool for operators to utilize in response to constraints on 

natural gas infrastructure. In most regions, the largest potential source of those 

imports is a single region: 

 During extreme weather events in the Pacific Northwest, unloaded gas 
capacity in California may be exported along the California-Oregon 

Intertie (COI) and the Pacific DC Intertie (PDCI). Historically, California 
has used these paths to import power from the Northwest, but under 

emergency conditions, the transmission could support a reversal of this 
historical pattern. While a portion of California’s gas supply flows 
through the Pacific Northwest on the GTN pipeline, California also has 

significant sources of supply from other supply basins, offering a 
regional diversity of supply that could be important under some 

circumstances. 

 California’s gas generation also offers a potentially important source of 

supply in the event of infrastructure constraints in the Desert 
Southwest. California builds capacity to meet an extreme summer peak, 

and much of this capacity is idle during the winter. Reducing flows along 

Net
Capacity

Backup Fuel Imports Shortfall
California - North -                 -                 5,526            -                 
California - South -                 -                 5,167            -                 
Desert Southwest (2,560)           1,358            6,073            -                 
Great Basin (346)              -                 7,661            -                 
Pacific Northwest - East -                 334                6,950            -                 
Pacific Northwest - West (1,128)           516                6,838            -                 
Rocky Mountains -                 1,308            1,258            -                 

Mitigation Strategies during 
1-in-35 Winter Peak

1-in-35 
Modeled 

CurtailmentsRegion
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the West of River path would help relieve needs for gas generation in 
the Desert Southwest. While a portion of California’s gas supply flows 

through the Desert Southwest, California also has significant sources of 
supply from Wyoming and the Pacific Northwest, again offering a 

regional diversity of supply that could be important under some 
circumstances. 

 During extreme weather events in California, the unloaded gas 
generation in the Desert Southwest offers potential remediation. During 

the winter period, the West of River path that connects Arizona with 
southern California operates well below its maximum capability (10,000 

MW), and only a fraction of Arizona’s gas fleet, sized to meet extreme 
cooling loads in the summertime, is used throughout most of the 

winter. However, to the extent that California’s supply constraints are 
caused by upstream constraints also affecting Southwest generators, 

this potential source of electricity supply may not be available. 

The redispatch of gas generation on a regional basis to overcome constraints in 

a single region presumes the availability of gas infrastructure to meet additional 

power sector demands in neighboring regions. In many circumstances, this 

assumption is not unreasonable: extreme cold weather that spans multiple 

regions that would constrain gas infrastructure across a broad area is 

uncommon. However, this study does examine the potential consequences of 

such an event in Section 4.6.1. 

In fact, the use of a production simulation model with exogenous natural gas 

price inputs belies the flexibility of the Western gas and electric systems to 

resolve potential issues through economic signals in existing markets that would 

shift gas generation to unconstrained locations. The analysis of the electric 

sector in this study does not account for the fact that as constraints arise in a 
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particular area, prices for natural gas would likely increase, facilitating a shift in 

the regional dispatch of natural gas resources. 

The following sections show region-by-region detailed results on the impact of 

available gas supplies to electric generation under different winter weather 

events. For each region, several results are presented: 

 A table and graph summarizing the curtailments of gas service to gas 

generators, expressed in terms of the volume of gas demand (MMcf/d); 
and 

 A table summarizing the impact of gas curtailments on the electric 
sector, including the magnitude of gas generation capacity whose 

service is curtailed and the available operational mitigation measures, 
expressed in terms of electrical capacity over the course of a day (MW-

days).  
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4.2.1 CALIFORNIA – NORTH 
Figure 21. Base Case results, Northern California. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 5,281          5,281          5,281          
Core Demand End Use 2,230          2,576          2,925          
Capacity Remaining for Non-Core 3,052          2,706          2,357          
Non-Core Demand End Use 746             734             721             

Electricity 1,214          1,263          1,300          
Capacity Shortfall -                   -                   -                   
Electric Sector Share of Shortfall -                   -                   -                   

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation during Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 6,627          6,819          7,009          

Curtailed -                   -                   -                   
Available Mitigation Measures Backup Fuel -                   -                   -                   

Imports 5,526          5,526          5,526          
Net Capacity Shortfall after Mitigation -                   -                   -                   

Note:  Analysis focuses on adequacy of intrastate systems assuming adequate flowing supplies
at the California border. However, high demands, infrastructure contingencies, and market
forces in other parts of the West could divert flows to California and create supply challenges.
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4.2.2 CALIFORNIA – SOUTH 
Figure 22. Base Case results, Southern California. 

  

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 6,000          6,000          6,000          
Core Demand End Use 2,851          3,284          3,444          
Capacity Remaining for Non-Core 3,149          2,716          2,556          
Non-Core Demand End Use 453             454             454             

Electricity 1,135          1,135          1,135          
Capacity Shortfall -                   -                   -                   
Electric Sector Share of Shortfall -                   -                   -                   

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation during Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 6,478          6,478          6,478          

Curtailed -                   -                   -                   
Available Mitigation Measures Backup Fuel -                   -                   -                   

Imports 5,167          5,167          5,167          
Net Capacity Shortfall after Mitigation -                   -                   -                   

Note:  Analysis focuses on adequacy of intrastate systems assuming adequate flowing supplies
at the California border. However, high demands, infrastructure contingencies, and market
forces in other parts of the West could divert flows to California and create supply challenges.
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4.2.3 DESERT SOUTHWEST 
Figure 23. Base Case results, Desert Southwest. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 7,636          7,636          7,636          
Firm Demands Downstream 4,100          4,100          4,100          

End Use 1,630          1,844          1,985          
Electricity 1,551          1,551          1,551          

Capacity Remaining for Interruptible 355             140             -                   
Interruptible Demands End Use 61                68                72                

Electricity 184             338             440             
Capacity Shortfall -                   (265)            (512)            
Electric Sector Share of Shortfall -                   (221)            (440)            

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation under Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 10,055        10,986        11,595        

Curtailed -                   (1,286)         (2,560)         
Available Mitigation Measures Backup Fuel 1,358          1,358          1,358          

Imports 6,073          6,073          6,073          
Net Capacity Shortfall after Mitigation -                   -                   -                   

Note:  High demands in the Desert Southwest may alternately result in a reduction in gas flows
to California instead of curtailments in the Desert Southwest due to market forces
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4.2.4 GREAT BASIN 
Figure 24. Base Case results, Great Basin. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 3,531          3,531          3,531          
Firm Demands Downstream 2,000          2,000          2,000          

End Use 981             1,124          1,250          
Electricity 225             281             281             

Capacity Remaining for Interruptible 325             126             -                   
Interruptible Demands End Use 19                20                21                

Electricity -                   0                  61                
Capacity Shortfall -                   -                   (82)              
Electric Sector Share of Shortfall -                   -                   (61)              

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation under Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 1,380          1,680          1,944          

Curtailed -                   -                   (346)            
Available Mitigation Measures Backup Fuel -                   -                   -                   

Imports 7,661          7,661          7,661          
Net Capacity Shortfall after Mitigation -                   -                   -                   
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4.2.5 PACIFIC NORTHWEST – EAST 
Figure 25. Base Case results, Pacific Northwest - East. 

 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 5,192          5,192          5,192          
Firm Demands Downstream 2,600          2,600          2,600          

End Use 1,077          1,295          1,430          
Electricity 302             302             302             

Capacity Remaining for Interruptible 1,214          995             860             
Interruptible Demands End Use 71                77                81                

Electricity 303             488             613             
Capacity Shortfall -                   -                   -                   
Electric Sector Share of Shortfall -                   -                   -                   

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation under Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 3,504          4,372          4,855          

Curtailed -                   -                   -                   
Available Mitigation Measures Backup Fuel 334             334             334             

Imports 7,137          7,124          6,950          
Net Capacity Shortfall after Mitigation -                   -                   -                   
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4.2.6 PACIFIC NORTHWEST – WEST 
Figure 26. Base Case results, Pacific Northwest - West. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 4,045          4,045          4,045          
Firm Demands Downstream -                   -                   -                   

End Use 2,608          3,103          3,429          
Electricity 615             615             615             

Capacity Remaining for Interruptible 821             327             -                   
Interruptible Demands End Use 221             240             255             

Electricity 83                163             200             
Capacity Shortfall -                   (77)              (454)            
Electric Sector Share of Shortfall -                   (31)              (200)            

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation under Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 4,058          4,451          4,605          

Curtailed -                   (177)            (1,128)         
Available Mitigation Measures Backup Fuel 516             516             516             

Imports 7,137          7,120          6,838          
Net Capacity Shortfall after Mitigation -                   -                   -                   
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4.2.7 ROCKY MOUNTAINS 
Figure 27. Base Case results, Rocky Mountains. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 3,922          3,922          3,922          
Firm Demands Downstream -                   -                   -                   

End Use 2,462          2,893          3,059          
Electricity 479             547             571             

Capacity Remaining for Interruptible 981             482             292             
Interruptible Demands End Use 303             331             343             

Electricity -                   -                   -                   
Capacity Shortfall -                   -                   (51)              
Electric Sector Share of Shortfall -                   -                   -                   

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation under Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 2,565          2,962          3,098          

Curtailed -                   -                   -                   
Available Mitigation Measures Backup Fuel 1,308          1,308          1,308          

Imports 1,258          1,258          1,258          
Net Capacity Shortfall after Mitigation -                   -                   -                   
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4.3 Hydraulic Modeling Results 

As part of the effort to understand how expected natural gas demands in the 

coming decade might strain existing natural gas infrastructure, loading 

conditions reflecting extreme weather in each of five regions were developed 

and tested on a hydraulic model of the western pipeline system that comprised 

the Pacific Northwest, California, and the Desert Southwest. Each loading 

condition reflected expected 1-in-35 demands for each region as well as a 

plausible set of demands for neighboring regions at the time of the regional 

peak. The hydraulic model used in this analysis, developed in DNV GL’s 

SynerGEE platform, provides a schematic representation of the major pipelines, 

compressor stations, and storage facilities that constitute gas delivery 

infrastructure evaluated in this study. 

Detailed hydraulic modeling of the entire Western region is beyond the scope of 

this study. The limited hydraulic modeling described here is intended to provide 

a check on the regional results. If the hydraulic model identifies significant 

constraints that are not captured in the regional analysis, this may be an 

indication that the regional analysis is not granular enough to derive general 

conclusions. On the other hand, if the issues identified by the hydraulic model 

are relatively minor in nature or are within the margin of error for this type of 

high-level analysis, this can be interpreted as confirming the results of the 

regional analysis.  

The steady state natural gas system model used for this study was constructed 

from a variety of public sources as described further in the appendices. The 

infrastructure in the model includes the major diameter “core” pipelines of 
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systems in the WECC in the Pacific Northwest, California, and the Desert 

Southwest. The model also includes major compressor stations and storage 

locations. 

Simulations were performed on each of the 1-in-35 loading conditions for the 

regions covered by the model. Each overall simulation was checked to see if the 

model could meet the demand while maintaining four major overall criteria: 

 Compression Ratio less than 2.0: Compressor stations were checked to 
see that they were not being asked to provide compression that would 

more than double their inlet pressures in the simulation. 

 Minimum Pressures above 475 psig: Pressures throughout the system 

were kept above this minimum threshold. 

 Maximum Pressures within Limits: Pressures for the different systems 

remained below the estimated maximum pressure for the system 

 Storage Withdrawals within Limits: Storage utilization was within the 

maximum withdrawal limits. 

The goal of these requirements and of the modeling activity was to add another 

layer of review and analysis to the Base Case demand conditions. If a given 

condition resulted in violations to some or several of the above boundaries then 

the loading condition would be targeted for further review.  

The models of the different loading conditions showed that they could meet each 

of the loading conditions after they were adjusted from condition to condition by 

changing storage operation and operations (set pressures) at different locations 

on the systems. The only exception to this result was in the 1-in-35 condition for 
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the Pacific Northwest – East region. The model showed a localized issue in the 

Reno area – where compressor utilization for one station slightly exceeded 2.0 

and pressures fell below the 475 psig target into the mid-300 psig range. This 

result is considered a localized issue and may be the result of assumptions about 

load location and some facilities in the area.  

In the Pacific Northwest – West regional model - while meeting the overall 

requirements stated above the model was observed to take more than the 

published capacity of Sumas. In this condition the model took about 0.11 Bcf/d 

more than the 1.3 Bcf/d stated capacity at Sumas. This result was consistent with 

the model – to allow flow at source locations to ramp up to meet demand (Note: 

In the model Sumas is the Northern Source to the system in the I-5 Corridor). In 

this model the available storage along the I-5 corridor was in full use. This 

resultant flow rate at Sumas is within the tolerances of this high-level model. It 

may imply a need to review the capacity into the region from the North in this 

loading condition. The models showed that the remaining loading conditions 

could be met within the high-level tolerances stated above. 

The modeling activity also revealed some interesting interdependencies between 

the pipelines of the Western Interconnection.  

In the Washington-Oregon area the interplay between Ruby, GTN, and Williams 

Northwest pipelines provided good flexibility to meet the demands of California, 

Oregon, and Washington. Depending upon the loading condition the model shows 

that GTN could be used to support Williams Northwest Pipeline to decrease 
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Williams’ flow through Idaho to loads in Washington region. GTN was further 

supported at Malin by the Ruby Pipeline as the two lines together work to serve 

loads heading South into California and into Nevada. Prior to Ruby Pipeline’s 

existence GTN would not have had this backup at Malin that allowed it to so 

readily – in this model – support Williams Northwest when needed. 

Moving southward into California, the model showed important 

interdependencies between the northern California pipelines of PG&E and 

Southern California as well as the Desert Southwest region. The model indicates 

that PG&E could largely rely upon receipts into its Northern System (the Redwood 

Path) and make use of its multiple storage fields to decrease the amount of supply 

it needed from its Southern System (the Baja Path). The model shows the value of 

this capability in the loading conditions that were high in the Desert Southwest 

and southern California.38 Decreasing PG&E’s use of supply coming from southern 

California eased the loading/flows on the pipelines and compressors of the 

systems supplying southern California – highlighting the interdependencies 

between the California utilities and the nature of the North/South flows in 

California. 

The hydraulic modeling exercise is, admittedly, high level due to the limitations of 

data and time in this project. Sometimes the model shows localized issues that 

are most likely the result of how loads were distributed on the system. In a few 

                                                           
38  This type of dynamic does occur during the winter in California, especially when gas prices rise outside of the 
state. High gas prices outside of California incent the withdrawal of storage resources, which mitigates the price 
increase within California. This impact reduces the immediate incentive that shippers have to transport gas to the 
California border and allows for the diversion of natural gas to markets with higher prices. 
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cases imagined reinforcing pipes are used to maintain system pressures. But, 

these situations are not considered to be true constraints in the future. 

In other cases some localized conditions show compressors operating above 

their modeled rated horsepower. Many of these initial modeling results are 

resolved by shifting flows from one system to another so that station 

horsepower usage was balanced between systems. In some cases a model may 

still show elevated horsepower usage at a given station. As noted earlier, the 

model reveals only one case where horsepower utilization was greater than 

modeled and station compression ratio was over 2.0. The remaining cases are 

considered to be locations where the addition of horsepower could overcome 

any implied future needs in the area of the station. 

4.4 Sensitivity Analysis 

4.4.1 FIRM AND INTERRUPTIBLE SERVICE 

One of the major questions in national dialogue on gas-electric coordination is 

the degree to which the electric sector should rely on firm and interruptible 

services to meet its needs. Where generators or utilities purchase firm service, 

they reserve capacity on the system for their use, and to the extent that 

capacity is not immediately available, they provide the market with a signal to 

expand gas infrastructure; where generators use interruptible service, they rely 

on the availability of unused capacity paid for by other firm shippers. 

Determining the precise amount of gas generation that is served by firm and 

interruptible service on interstate pipelines is a challenging task. The NERC 
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survey results are used in this study, but it is limited—its responses were neither 

geographically comprehensive nor definitively precise. The Base Case assumes, 

as NERC did, that all non-responding generators do not have firm transportation 

service; this sensitivity tests the impact of this assumption by assuming 25% of 

non-responding generator capacity by region is contracted with firm service in 

addition to the reported levels of firm service. 

Figure 28. Sensitivity of curtailment results to firm contract volume assumed in 
electric sector (MW-days) 

 

Predictably, in the long term, the electric sector’s risk of curtailment is directly 

tied to its subscription to firm service on interstate pipelines. While the results 

of the NERC survey are far from certain, the general conclusions of this analysis 

are not highly sensitive to the use of the survey’s results: in most circumstances, 

the electric sector is not at risk of curtailment, but rare extreme weather 

conditions—particularly events exceeding a 1-in-10 threshold—would present 

some cause for concern. 

The sensitivity also illustrates how the electric sector can mitigate both the 

magnitude and frequency of curtailment events by procuring additional firm 

service. This is not to suggest that all the needs of the electric sector must be 

met by signing firm contracts. Determining the appropriate amount of firm 

service for the electric sector to hold requires a careful consideration between 

Base Case Firm Contract Sensitivity
Region 1-in-2 1-in-10 1-in-35 1-in-2 1-in-10 1-in-35
Desert Southwest -          (1,286)    (2,560)    -          -          -          
Great Basin -          -          (346)        -          -          (245)        
Pacific Northwest - East -          -          -          -          -          -          
Pacific Northwest - West -          (177)        (1,128)    -          -          (420)        
Rocky Mountains -          -          -          -          -          -          
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economic and technical tradeoffs: the cost of procuring firm service, the 

availability of on-site backup fuel, the availability of imported power, the value 

of lost load, etc. Nevertheless, consistent with studies of gas-electric 

coordination issues in other regions, this study finds that procurement of firm 

transportation service is a promising strategy for ensuring the long term 

adequacy of the natural gas delivery infrastructure to meet the needs of the 

electric sector.  

A simple illustrative example, shown in Table 7, reveals the tradeoffs behind this 

decision. This example shows the percentage of electric sector demand that will 

be curtailed on a system sized to meet the sum of firm demands given varying 

levels of firm contracting in the electric sector.39 If the electric sector contracts 

for firm capacity equivalent to 100% of its highest winter peak demands, it faces 

no risk of interruptible curtailments. Regardless of the conditions and demands 

elsewhere on the system, the electric sector will have dedicated capacity to 

meet its needs. By contrast, if the electric sector contracts for no firm capacity, 

the available infrastructure will frequently be incapable of meeting the sector’s 

needs: under very extreme weather, when firm non-power loads require their 

full contract quantity, no gas will be available to the electric sector; under 

milder peak winter weather conditions (e.g. 1-in-2), lower non-power loads will 

allow for some deliveries to the electric sector, although far from enough to 

meet its total needs. Between these two extremes, the electric sector’s risk of 

curtailments decreases with increasing levels of firm service commitment.  

                                                           
39 The example shown is based on an assumed system where the electric sector peak day demand is roughly 40% 
of the non-electric sector peak day demands—roughly representative of the collective Western region analyzed in 
this study. 
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Table 7. Illustrative sensitivity of gas fleet availability during winter peak 
conditions to volume of electric sector firm contracts. 

 

This example is intended to be illustrative—the precise levels of risk and the 

rate at which they decrease in response to higher levels of firm service would 

depend upon the relative magnitude and timing of electric and non-electric gas 

loads—but the directional relationship helps explain the difference between the 

Eastern and Western Interconnections. The challenges experienced in New 

England, New York, and PJM have resulted from the fact that gas systems have, 

so far, been built to meet the firm needs of other sectors with limited support 

from the electric sector; consequently, winter shortages are frequent and 

severe, even under average conditions. By contrast, gas infrastructure in the 

West appears to be situated at the lower end of the table, as the electric sector 

has supported gas infrastructure expansion, resulting in a system sized to meet 

not only end use loads but a large portion of the electric sector’s winter peak 

needs as well. 

Percentage of Winter Peak Percentage of Winter Peak Generation Curtailed
Generation Receiving due to Reliance on Interruptible Service

Firm Service 1-in-2 1-in-10 1-in-35
0% 52% 83% 100%

10% 42% 73% 90%
20% 32% 63% 80%
30% 23% 53% 70%
40% 14% 43% 60%
50% 6% 34% 50%
60% 0% 25% 40%
70% 0% 16% 30%
80% 0% 8% 20%
90% 0% 2% 10%

100% 0% 0% 0%
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4.4.2 ADDITIONAL GAS GENERATION CAPACITY 

Because of the considerable uncertainty surrounding electric capacity expansion 

in the coming decade, this sensitivity tests the impact to the results of adding an 

additional 1,000 MW of gas generation capacity to the Base Case in each region. 

This additional capacity—represented as a combined cycle plant with a heat 

rate of 7,200 Btu/kWh—is assumed to run throughout the full 24 hours of the 

peak winter day, increasing the demand for gas in the electric sector by 170 

MMcf/d in each region. This demand is added without any assumed increase in 

the electric sector’s firm contract volume. 

Table 8. Curtailment of gas generation under extreme weather conditions, Base 
Case and 1,000 MW Gas Generation Sensitivity (MW-days). 

 

The higher level of gas generation being served by interruptible transportation 

during winter peak periods increases both the expected magnitude and 

frequency of curtailment events—in the Desert Southwest, curtailments may 

occur even under 1-in-2 winter weather—highlighting the increasing risk of 

relying upon interruptible service. 

In California, because current infrastructure has sufficient capacity to meet most 

winter demands, the impact of the gas capacity sensitivity does not appear to 

1,000 MW Gas Sensitivity
Region 1-in-2 1-in-10 1-in-35 1-in-2 1-in-10 1-in-35
California - North -          -          -          -              -              -              
California - South -          -          -          -              -              -              
Desert Southwest -          (1,286)    (2,560)    (294)            (2,231)        (3,549)        
Great Basin -          -          (346)       -              (336)            (1,324)        
Pacific Northwest - East -          -          -          -              -              -              
Pacific Northwest - West -          (177)       (1,128)    -              (819)            (2,100)        
Rocky Mountains -          -          -          -              -              -              

Base Case
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be significant. It is important to note that the state’s planning standards dictate 

that the intrastate systems will expand to meet certain winter loading 

conditions for both the core and non-core customers. As a result, if the impact 

of the new gas demand is material enough to cause gas demand to exceed the 

design criteria, the intrastate systems would be expected to expand in response 

to maintain their own adequacy relative to those criteria. In other words, 

California’s design criteria have established a model for infrastructure expansion 

that will adjust to meet most demands in the electric sector but in which the 

electric sector will always bear some small risk of curtailment under extreme 

winter weather. 

The California results of this sensitivity are also useful in understanding one of 

the key policy uncertainties in California over the coming decade: the potential 

build-out of combined heat and power to contribute to efforts to meet 

greenhouse gas reductions goals. The addition of CHP would be expected to 

have comparable impacts to this sensitivity: the combustion of additional gas in 

CHP facilities would add to total winter loading conditions. However, the 

systems’ respective design criteria would also limit the sector’s increased 

exposure to curtailments, as the intrastate systems would maintain a balance 

with their ability to meet increases in the combined core and firm non-core 

demands. 

4.4.3 DOWNSTREAM DISPLACEMENT 

This study identifies the Desert Southwest as one region whose electric sector 

could be at risk of gas curtailment given the characteristics of gas infrastructure, 

local gas loads, and the electric sector’s presumed use of interruptible service to 



 

 
 

P a g e  | 137 | 

 Base Case Results 

© 2014 Energy and Environmental Economics, Inc. 

meet a portion of its winter peaking loads. This result is based on an assumption 

that the amount of capacity on the Desert Southwest system that is reserved for 

California—3,500 MMcf/d, based on historical receipts and a review of 

contracts held for delivery to SoCalGas and PG&E—is needed in the 

downstream California regions.40 However, this may not always be the case: 

California may experience lower loading conditions, or its storage facilities may 

be able to contribute a larger fraction of gas to load service, such that the full 

firm demand that the Base Case assumes may not be needed in California. 

Under such circumstances, this capacity could be made available to gas users in 

the Desert Southwest and would affect the amount of curtailment. 

To test the sensitivity of the study’s findings to this assumption, this sensitivity 

assumes that California’s downstream demand is reduced by 500 MMcf/d 

(while maintaining the same regional load carrying capability) in order to 

illustrate the impact of California’s “release” of capacity for use in the Desert 

Southwest. As shown in Figure 29, this would allow the Desert Southwest to 

avoid almost all curtailment expected under even extreme weather conditions. 

Again, it should be noted that at least a portion of the gas generation that is 

subject to curtailment in the Desert Southwest frequently dispatches to provide 

exports to California; in either case, the impacts would be just as likely to fall on 

the electric sector in California as in the Desert Southwest. 

                                                           
40 As described in the methodology, this is a simplifying assumption that allows for the independent analysis of 
each region considered in this study.  
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Figure 29. Base Case results, Desert Southwest assuming downstream 
displacement of 500 MMcf/d. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 7,636          7,636          7,636          
Firm Demands Downstream 3,600          3,600          3,600          

End Use 1,630          1,844          1,985          
Electricity 1,551          1,551          1,551          

Capacity Remaining for Interruptible 855             640             500             
Interruptible Demands End Use 61                68                72                

Electricity 184             338             440             
Capacity Shortfall -                   -                   (12)              
Electric Sector Share of Shortfall -                   -                   (10)              

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation under Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 10,055        10,986        11,595        

Curtailed -                   -                   (59)              
Available Mitigation Measures Backup Fuel 1,358          1,358          1,358          

Imports 6,073          6,073          6,073          
Net Capacity Shortfall after Mitigation -                   -                   -                   

Note:  High demands in the Desert Southwest may alternately result in a reduction in gas flows
to California instead of curtailments in the Desert Southwest due to market forces
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4.5 Infrastructure Contingency Analysis 

This section provides estimates of the electric sector impacts of infrastructure 

contingencies. This analysis tests whether the electric system is resilient to the 

extended loss of a major component of the delivery infrastructure in four 

regions: 

 In northern California, the loss of one line on the Redwood Path reduces 

the region’s load carrying capability by 1,250 MMcf/d; 

 In southern California, the loss of the Southern Zone receipt area 

reduces load carrying capability by 1,210 MMcf/d; 

 In the Desert Southwest, a wellhead freeze-off is assumed to reduce gas 
flowing into the region by 1,500 MMcf/d; and 

 In the Pacific Northwest – West, the loss of the Sumas compressor 
station reduces regional load carrying capability by 1,300 MMcf/d. 

Each of the infrastructure contingencies evaluated in this study presents a 

significant—if unlikely—risk to the electric sector, as large volumes of 

curtailment would be necessary during winter weather conditions. Under these 

circumstances, two of the potential operational mitigation strategies that might 

help to overcome limited curtailments—use of generators with backup fuel or 

re-dispatch of non-gas generation—may be insufficient to provide the degree of 

relief needed to overcome this constraint. As a result, the reliability of the 

Western Interconnection under such large contingencies hinges on the ability of 

the transmission network to provide power to a region whose gas fleet is 

incapable of generating the amount of power needed to serve load. 
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A major contingency event does result in significant curtailment of gas deliveries 

to electric generators throughout each region during extreme winter weather 

events. There is a large risk to the reliability of the electric sector absent any 

mitigation measures. The magnitudes of curtailment imply that backup fuel 

options will not be sufficient alone and that large volumes of power imports will 

be needed from other regions in the West. In these instances, the capability of 

power imports to cover any curtailed capacity is much more strained than under 

the Base Case extreme weather events. 

The impacts of infrastructure contingencies may extend beyond the regions in 

which they occur. Whereas the analysis of the Base Case under normal 

conditions presumes that downstream regions have reserved sufficient capacity 

to meet their own needs, each region cannot be evaluated independently under 

contingency conditions when a portion of this capacity may be unavailable. The 

infrastructure contingency analysis of the Desert Southwest provides the best 

example, as California depends heavily on flowing supplies from upstream 

interstate pipelines to meet its demands. When a substantial portion of this 

capacity is rendered unavailable, the impacts would not be limited to gas users 

in the Desert Southwest; such an event would also limit flowing supplies to 

downstream regions.41 

This type of event is thus notable for its influence on multiple regions 

simultaneously, which would limit the ability to resolve the resulting constraints 

through redispatch of gas resources. As indicated by the Base Case analysis, one 

                                                           
41 While the recent curtailments (Feb. 6, 2014) in southern California occurred as a result of market forces and 
arrangements rather than an infrastructure contingency, the main reason for the need to curtail—reduced 
flowing supplies to the California border—would likely also occur under infrastructure contingency. 
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source of the resilience of the Western system is its flexibility to substitute 

between energy currencies in regional exchanges: when the gas transportation 

infrastructure is constrained in one region, the electric transmission network 

linking neighboring regions offers opportunities to transfer energy by wire 

instead of by pipeline. However, when multiple regions face similar constraints 

at the same time—for example, an infrastructure contingency in the Desert 

Southwest that limits the ability to supply gas to generators with that region as 

well as in California—operators have fewer opportunities to preserve reliability. 

It is also critical to note that the analysis of contingencies presented herein does 

not account for local impacts within the region of analysis. For example, the 

contingency studied in southern California—the loss of the Southern Zone 

receipt area—would cut off virtually all supplies of gas flowing to San Diego. In 

addition to its direct impacts on core customers in San Diego, this type of event 

could result in local electrical reliability challenges in the area as well: San Diego 

is a capacity-constrained area within the CAISO that requires a minimum 

amount of thermal generation for purposes of grid stability and voltage support. 

Consequently, the impact of the loss of the Southern Zone could have more 

significant impacts than this methodology would predict. Such localized effects 

are beyond the scope of this regional analysis.  
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4.5.1 CALIFORNIA – NORTH 
Figure 30. Infrastructure contingency analysis, California - North 

 

Natural Gas Infrastructure Capacity Balance during Infrastructure Contingency (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 5,281          5,281          5,281          
Impact of Contingency (1,250)         (1,250)         (1,250)         
Load Carrying Capability 4,031          4,031          4,031          
Core Demand End Use 2,230          2,576          2,925          
Capacity Remaining for Non-Core 1,802          1,456          1,107          
Non-Core Demand End Use 746             734             721             

Electricity 1,214          1,263          1,300          
Total 1,960          1,997          2,021          

Capacity Shortfall (158)            (542)            (914)            
Electric Sector Share of Shortfall (98)              (343)            (588)            

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation during Infrastructure Contingency (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 6,627          6,819          7,009          

Curtailed (535)            (1,849)         (3,171)         
Available Mitigation Measures Backup Fuel -                   -                   -                   

Imports 5,526          5,526          5,526          
Net Capacity Shortfall after Mitigation -                   -                   -                   
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4.5.2 CALIFORNIA – SOUTH 
Figure 31. Infrastructure contingency analysis, California - South 

 

Natural Gas Infrastructure Capacity Balance during Infrastructure Contingency (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 6,000          6,000          6,000          
Impact of Contingency (1,210)         (1,210)         (1,210)         
Load Carrying Capability 4,790          4,790          4,790          
Core Demand End Use 2,851          3,284          3,444          
Capacity Remaining for Non-Core 1,939          1,506          1,346          
Non-Core Demand End Use 453             454             454             

Electricity 1,135          1,135          1,135          
Total 1,588          1,589          1,589          

Capacity Shortfall -                   (83)              (243)            
Electric Sector Share of Shortfall -                   (60)              (174)            

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation during Infrastructure Contingency (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 6,478          6,478          6,478          

Curtailed -                   (340)            (992)            
Available Mitigation Measures Backup Fuel -                   -                   -                   

Imports 5,167          5,167          5,167          
Net Capacity Shortfall after Mitigation -                   -                   -                   
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4.5.3 DESERT SOUTHWEST 
Figure 32. Infrastructure contingency analysis, Desert Southwest. 

 

Natural Gas Infrastructure Capacity Balance during Infrastructure Contingency (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 7,636          7,636          7,636          
Impact of Contingency (1,500)         (1,500)         (1,500)         
Load Carrying Capability during Contingency 6,136          6,136          6,136          
Firm Demands Downstream 4,100          4,100          4,100          

End Use 1,630          1,844          1,985          
Electricity 1,551          1,551          1,551          

Firm Demands Curtailed (1,145)         (1,360)         (1,500)         
Electric Sector Loads Unserved Firm (244)            (281)            (305)            

Interruptible (184)            (338)            (440)            
Total (428)            (619)            (744)            

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation during Infrastructure Contingency (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 10,055        10,986        11,595        

Curtailed (2,480)         (3,602)         (4,335)         
Available Mitigation Measures Dual Fuel 1,358          1,358          1,358          

Imports 1,960          1,960          1,960          
Net Capacity Shortfall after Mitigation -                   (284)            (1,017)         

Note:  A reduction in either gas supply or infrastructure due to contingencies in the Desert
Southwest could also have significant downstream impacts on California. Such contingencies
could reduce supplies at the California border.
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4.5.4 PACIFIC NORTHWEST – WEST 
Figure 33. Infrastructure contingency analysis, Pacific Northwest – West 

 

Natural Gas Infrastructure Capacity Balance during Infrastructure Contingency (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 4,045          4,045          4,045          
Impact of Contingency (1,300)         (1,300)         (1,300)         
Load Carrying Capability during Contingency 2,745          2,745          2,745          
Firm Demands Downstream -                   -                   -                   

End Use 2,608          3,103          3,429          
Electricity 615             615             615             

Firm Demands Curtailed (479)            (973)            (1,300)         
Electric Sector Loads Unserved Firm (91)              (161)            (198)            

Interruptible (83)              (163)            (200)            
Total (174)            (324)            (397)            

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation during Infrastructure Contingency (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 4,058          4,451          4,605          

Curtailed (1,014)         (1,853)         (2,246)         
Available Mitigation Measures Backup Fuel 516             516             516             

Imports 7,137          7,120          6,838          
Net Capacity Shortfall after Mitigation -                   -                   -                   
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4.6 Weather Contingency Analysis 

4.6.1 EXTREME COLD ACROSS ENTIRE WESTERN INTERCONNECTION 

The results of the Base Case indicate that curtailments of gas generation due to 

constraints on gas infrastructure would occur relatively infrequently but that, 

perhaps more importantly, the potential threat to reliability resulting from 

these curtailments could generally be avoided by the afflicted region’s increased 

imports of generation from a neighboring region. Under most circumstances, 

the remote generation that would increase output to serve load would be gas-

fired generation itself; the availability of this strategy presumes that natural gas 

infrastructure is not constrained in neighboring regions as well. 

Under most circumstances, this is likely a reasonable assumption. The 

geographic breadth of the Western Interconnection experiences a multitude of 

different weather patterns, and examination of the historical record indicates 

that coincident extreme weather is unlikely to occur across many regions at 

once; when one region experiences extreme cold, neighboring regions often 

experience average winter days. Moreover, the West is served by multiple 

supply basins over several different pipeline corridors; it is highly unlikely that 

supply disruptions would affect all of these regions simultaneously. 

Nonetheless, because this study identifies regional coordination as a mitigation 

strategy for overcoming gas curtailments, it also examines whether a plausible 

extreme weather event might result in high gas demand across the entire 

region. 

To evaluate this possibility, natural gas demands were developed to replicate 

the weather experienced by the Western Interconnection on December 22, 
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1990. While this is not the most extreme weather event examined in any single 

particular region, the geographic extent of its severity is unmatched over the 

sixty years of weather data examined. 

Table 9. Modeled regional end use demands for December 22, 1990 weather 
condition (compared against regional extremes) (MMcf/d). 

 

The corresponding electric demands for this event are shown in Table 10. 

Notably, natural gas demands in the power sector are generally high in 

comparison to the regional extreme weather cases; this is a result of the 

coincidence of the heating-driven winter electric peaks across the regions, 

which requires each region to rely more on its own native gas generators as the 

availability of economic imports is reduced. 

December Extreme Winter Weather
Region 22, 1990 1-in-2 1-in-10 1-in-35
California - North 3,560          2,976       3,310       3,646       
California - South 3,756          3,304       3,739       3,899       
Desert Southwest 1,860          1,691       1,912       2,057       
Great Basin 1,220          1,000       1,144       1,271       
Pacific Northwest - East 1,445          1,148       1,372       1,511       
Pacific Northwest - West 3,115          2,830       3,343       3,684       
Rocky Mountains 3,341          2,765       3,224       3,402       
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Table 10. Modeled regional electric sector demands for December 22, 1990 
weather condition (compared against regional extremes) (MMcf/d). 

 

The results of this analysis, summarized in Table 11, indicate that severe cold 

weather of sufficient geographic breadth may cause regional challenges to gas 

infrastructure. Despite the fact that more extreme weather events might be 

expected at a regional level, this type of event may pose the most serious threat 

to reliability under the Base Case of the events studied herein precisely because 

of the coincidence of constraints on gas infrastructure across multiple regions. 

Table 11. Electric sector curtailments in a West-wide weather (cold) weather 
contingency event (MMcf/d) 

 

The importance of this scenario lies in the magnitudes of curtailments to electric 

generation in each sector, but rather the lack of available electricity imports to 

December Extreme Winter Weather
Region 22, 1990 1-in-2 1-in-10 1-in-35
California - North 1,283          1,214       1,263       1,300       
California - South 1,252          1,135       1,135       1,135       
Desert Southwest 2,035          1,735       1,889       1,991       
Great Basin 301             225           282           342           
Pacific Northwest - East 1,004          605           790           915           
Pacific Northwest - West 827             698           778           815           
Rocky Mountains 340             479           547           571           

Region
California - 

North
California - 

South
Desert 

Southwest Great Basin

Pacific 
Northwest - 

East

Pacific 
Northwest - 

West
Rocky 

Mountains
Load Carrying Capability 5,281         6,000         7,636         3,531         5,305         4,045         3,922         
Firm Downstream -                  -                  4,100         2,000         2,600         -                  -                  
(core) End Use 2,839         3,301         1,787         1,199         1,364         2,861         2,998         

Electric -                  -                  1,551         281            302            615            340            
Remaining 2,443         2,699         197            51               1,039         569            584            
Interruptible End Use 721            454            72               21               81               255            343            
(non-core) Electric 1,283         1,252         484            20               702            212            -                  
Shortfall -                  -                  (358)           -                  -                  -                  -                  
Electric Sector Shortfall -                  -                  (312)           -                  -                  -                  -                  
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address these potential shortfalls due to the west-wide constraint. Under such 

circumstances, as each region struggles to supply its own generators with gas to 

serve its own loads, the transmission network does not provide the significant 

value that it might during more extreme weather conditions within a specific 

region.  

While this simple analysis shows that both California regions may have sufficient 

capacity to deliver gas under such an event, this type of analysis may belie 

challenges that each system would face under these types of conditions. 

Because the severity of the weather event exceeds the planning standard of 

each intrastate system, it is possible that under such conditions non-core 

customers might experience curtailments as the systems prioritize the needs of 

their core customers. At the same time, this analysis indicates a clear constraint 

in the Desert Southwest—the one region whose unloaded gas generation 

capacity could help mitigate the challenges faced by California—which could 

also limit the supply of gas at the California border. With a total gas demand of 

nearly 10 Bcf/d and assumed flowing supplies of roughly 5.5 Bcf/d (3.5 Bcf/d 

from the Desert Southwest and 2 Bcf/d from the Pacific Northwest), California’s 

ability to serve its loads would require substantial withdrawals from storage. 

Meanwhile, in the Pacific Northwest, while gas infrastructure itself is not 

necessarily constrained under these conditions, the natural gas generation fleet 

is being used nearly to the fullest extent possible to meet electric needs, such 

that it would not be capable of providing support to other regions. 

Consequently, the Western Interconnection as a whole may face challenges 

serving all electric loads under these conditions. 
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4.6.2 EXTREME HEAT ACROSS WESTERN INTERCONNECTION 

While this study focuses primarily on the winter heating season in the 

evaluation of gas infrastructure adequacy as the most likely time for constraints 

to occur, it also examines the potential for an extremely hot summer event to 

disrupt supplies of gas to generators in the WECC. Generally, natural gas 

transportation infrastructure is unconstrained in the summer; without the 

heating loads of commercial and residential customers, daily use in those 

sectors drops to very low levels; as a result, large volumes of pipeline are 

available to serve summer peaking needs of the electric sector. 

This study evaluates whether the needs of the electric sector might reasonably 

exceed the capability of gas infrastructure during this period by developing a set 

of loading conditions based on regional weather patterns observed during July 

2006. During this month, a regional heat wave swept across the Western 

Interconnect, causing historical record high peak loads in the Desert Southwest 

and California. 

Table 12 summarizes the regional gas demands that would be expected under 

such an event. In most regions, high demand in the electric sector is offset by 

the relatively low demand in end use sectors such that no shortfall would be 

experienced. This analysis does indicate a potential shortage of capacity in the 

Desert Southwest due to the dispatch of the natural gas fleet to meet summer 

peak demands; however, additional gas supplies to the region through the 

displacement of capacity attributed to California’s loads could relieve this 

identified constraint. Again, to the extent that gas generation in the Southwest 

is serving California loads under these conditions, the effects might be felt in 

California rather than the Southwest. 
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Table 12. Electric sector curtailments in a West-wide weather (hot) weather 
contingency event (MMcf/d) 

  

Region
California - 

North
California - 

South
Desert 

Southwest Great Basin

Pacific 
Northwest - 

East

Pacific 
Northwest - 

West
Rocky 

Mountains
Load Carrying Capability 5,281         6,000         7,636         3,531         5,305         4,045         3,922         
Firm Downstream -                  -                  4,100         2,000         2,600         -                  -                  
(core) End Use 499            699            735            180            220            452            376            

Electric -                  -                  1,551         281            302            615            590            
Remaining 4,783         5,301         1,250         1,070         2,182         2,978         2,956         
Interruptible End Use 810            450            34               14               49               134            163            
(non-core) Electric 2,041         2,584         1,866         24               572            167            -                  
Shortfall -                  -                  (650)           -                  -                  -                  -                  
Electric Sector Shortfall -                  -                  (638)           -                  -                  -                  -                  
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5 Alternative Scenario Results 

In addition to the Base Case, this study evaluates the implications of three 

alternative scenarios: the High Coal Retirements Case, the High Renewables 

Case, and the High Exports Case. The impact of each of these changes upon the 

adequacy of gas infrastructure to meet electric needs is described below.  

5.1 High Coal Retirements Case 

The High Coal Retirements Case assumes that a substantial portion of coal 

generation across the WECC is replaced with gas generation over the next 

decade. Unlike the Base Case, the High Coal Retirements Case does result in a 

fairly large change to the current status quo with large expansions in gas 

generation and capacity. To contextualize these numbers, Figure 34 shows 

system-wide comparison of this scenario to both historical levels and the Base 

Case. 
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Figure 34. Resource capacity and generation, High Coal Retirement scenario 

 

In the High Coal Retirements scenario, incremental gas demand results from 

repowering coal plants with natural gas. This additive gas demand is compared 

against the same underlying regional load carrying capability as the Base Case. 

Generator curtailment risk is assessed based on a premise that no additional 

firm natural gas transportation is built to serve this new demand. This scenario 

is not intended as a prediction or forecast of whether utilities would sign firm 

contracts for such repowering generators, but instead to highlight the potential 

consequences of a rapid expansion retirement of coal power plant without 

simultaneous increases in firm natural gas transportation to fuel the new 

generation. 

Unsurprisingly, the impacts of the High Coal Retirements scenario are most 

substantial in regions where large coal fleets exist today: the Desert Southwest, 

the Great Basin, and the Rocky Mountains. While California’s in-state gas 
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generation increases to compensate for a reduction in the availability of low 

cost coal imports from other parts of the WECC, this impact is small when 

compared to the state’s overall gas demand during peak periods. 

In the regions with substantial coal retirements, the frequency and magnitude 

of electric generator curtailments that would occur under the High Coal 

Retirements scenario is indicative of the fact that the existing pipeline systems 

in many regions would not be capable of providing consistent transport service 

to an expanding fleet of gas generators. In contrast to the relative infrequency 

of curtailments in many regions under the Base Case, which occur only during 

very extreme weather, curtailments under the High Coal Retirements case 

would become a patterned occurrence if steps are not taken to expand the 

capability of the existing interstate networks. 

Table 13. Curtailment gas generation under winter weather conditions, Coal 
Retirements Case 

 

The magnitude of expansion needed to provide reliable electricity supply under 

the Coal Retirements Case is calculated assuming all plants contract for firm 

service in an amount adequate to provide their full daily fuel requirement. The 

resulting incremental need for natural gas infrastructure is shown in Table 14. 

Gas Generation Curtailed during Extreme
Winter Weather (MW-days)

Region 1-in-2 1-in-10 1-in-35
California - North -                 -                 -                 
California - South -                 -                 -                 
Desert Southwest (1,761)           (3,392)           (4,499)           
Great Basin (575)              (988)              (1,410)           
Pacific Northwest - East -                 -                 -                 
Pacific Northwest - West -                 (608)              (1,738)           
Rocky Mountains -                 (219)              (430)              
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Table 14. Existing pipeline capacity and need for expansion under a coal 
retirement scenario (MMcf/d) 

 

Identifying the specific facilities or pipelines that would be needed to provide 

service to these new plants is beyond the scope of this analysis, but several 

points are worth making. First, the location of natural gas plants that replace 

retiring coal units will have important implications for the amount of new gas 

infrastructure needed. This study assumes that replacement gas plants are built 

on location of the units they supplant; there is some justification for this 

assumption both because such plants could make use of existing transmission 

infrastructure and permitting and siting may be simpler than for a greenfield 

site. However, the decisions of where to site new natural gas plants will 

ultimately fall upon resource planners and is one that should be informed by the 

availability of and cost to expand existing natural gas infrastructure (in addition 

to other factors such as transmission availability, proximity to load, etc.). For 

example, this study’s results indicate that with the recent construction of Ruby, 

TransCanada’s GTN may have long term capacity available, which might allow 

for the construction of some new gas-fired resources in the Pacific Northwest 

without substantial gas infrastructure expansions. At the same time, a number 

of the candidate coal plants retired in this scenario are located relatively close 

to the San Juan and Rockies production basins; the proximity of these sources to 

Base Case Additional Total
Load Carrying Firm Capacity

Region Capability Need Need
Desert Southwest 7,636               565                  8,201               
Great Basin 3,531               1,075               4,606               
Pacific Northwest - East 5,192               -                   5,192               
Pacific Northwest - West 4,045               236                  4,281               
Rocky Mountains 3,922               328                  4,249               
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supply could limit the investment needed to connect them to loads. Ultimately, 

resource planners would have to evaluate these types of factors—in addition to 

the availability of transmission, proximity to load, and relative costs of 

construction—in the selection of locations for new gas generation. 

Second, relative to the rate at which natural gas capacity has been built over the 

past decade, the amount of incremental capacity needed to replace the retiring 

coal generators in this scenario appears to be relatively modest. Figure 35 

shows the implied pace of natural gas generation build-out needed to replace 

the retiring coal generators in relation to the expansion of the fleet that has 

occurred over the past fourteen years. In comparison, the amount of new 

generation is relatively modest and suggests that this would not require an 

infeasible expansion of gas infrastructure. 
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Figure 35. Build-out of natural gas capacity assumed in High Coal Retirements 
Case. 

 

The findings of the High Coal Retirements Case—that existing natural gas 

infrastructure will be consistently strained by incremental investments in new 

natural gas generation—can be generalized beyond the underlying narrative of 

this particular scenario. Whereas the Base Case shows limited changes in gas 

demand both in the power sector and other end uses relative to today, the High 

Coal Retirements scenario reflects a world in which natural gas continues to play 

a growing role in the reliability and operations of the Western Interconnection. 

Aside from widespread coal retirements, many other factors could precipitate 

such growth: for example, higher than anticipated electric load growth. 

Regardless of the underlying driver, continued expansion of the West’s natural 

gas generation fleet will require the electric sector to shoulder the burden of 

infrastructure expansion to meet growing needs. 
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5.1.1 CALIFORNIA – NORTH 
Figure 36. High Coal Retirements Case results, Northern California. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 5,281          5,281          5,281          
Core Demand End Use 2,230          2,576          2,925          
Capacity Remaining for Non-Core 3,052          2,706          2,357          
Non-Core Demand End Use 746             734             721             

Electricity 1,305          1,374          1,424          
Capacity Shortfall -                   -                   -                   
Electric Sector Share of Shortfall -                   -                   -                   

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation during Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 6,627          6,819          7,009          

Curtailed -                   -                   -                   
Available Mitigation Measures Backup Fuel -                   -                   -                   

Imports 6,863          6,863          6,863          
Net Capacity Shortfall after Mitigation -                   -                   -                   

Note:  Analysis focuses on adequacy of intrastate systems assuming adequate flowing supplies
at the California border. However, high demands, infrastructure contingencies, and market
forces in other parts of the West could divert flows to California and create supply challenges.
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5.1.2 CALIFORNIA – SOUTH 
Figure 37. High Coal Retirements Case results, Southern California. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 6,000          6,000          6,000          
Core Demand End Use 2,851          3,284          3,444          
Capacity Remaining for Non-Core 3,149          2,716          2,556          
Non-Core Demand End Use 453             454             454             

Electricity 1,238          1,249          1,253          
Capacity Shortfall -                   -                   -                   
Electric Sector Share of Shortfall -                   -                   -                   

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation during Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 6,478          6,478          6,478          

Curtailed -                   -                   -                   
Available Mitigation Measures Backup Fuel -                   -                   -                   

Imports 6,814          6,814          6,814          
Net Capacity Shortfall after Mitigation -                   -                   -                   

Note:  Analysis focuses on adequacy of intrastate systems assuming adequate flowing supplies
at the California border. However, high demands, infrastructure contingencies, and market
forces in other parts of the West could divert flows to California and create supply challenges.
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5.1.3 DESERT SOUTHWEST 
Figure 38. High Coal Retirements Case results, Desert Southwest. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 7,636          7,636          7,636          
Firm Demands Downstream 4,100          4,100          4,100          

End Use 1,630          1,844          1,985          
Electricity 1,551          1,551          1,551          

Capacity Remaining for Interruptible 355             140             -                   
Interruptible Demands End Use 61                68                72                

Electricity 726             881             983             
Capacity Shortfall (432)            (809)            (1,056)         
Electric Sector Share of Shortfall (399)            (751)            (983)            

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation under Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 10,055        10,986        11,595        

Curtailed (1,761)         (3,392)         (4,499)         
Available Mitigation Measures Backup Fuel 1,358          1,358          1,358          

Imports 6,457          6,457          6,457          
Net Capacity Shortfall after Mitigation -                   -                   -                   

Note:  High demands in the Desert Southwest may alternately result in a reduction in gas flows
to California instead of curtailments in the Desert Southwest due to market forces
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5.1.4 GREAT BASIN 
Figure 39. High Coal Retirements Case results, Great Basin. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 3,531          3,531          3,531          
Firm Demands Downstream 2,000          2,000          2,000          

End Use 981             1,124          1,250          
Electricity 281             281             281             

Capacity Remaining for Interruptible 270             126             -                   
Interruptible Demands End Use 19                20                21                

Electricity 649             699             744             
Capacity Shortfall (399)            (593)            (765)            
Electric Sector Share of Shortfall (387)            (576)            (744)            

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation under Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 1,380          1,680          1,944          

Curtailed (575)            (988)            (1,410)         
Available Mitigation Measures Backup Fuel -                   -                   -                   

Imports 7,684          7,684          7,684          
Net Capacity Shortfall after Mitigation -                   -                   -                   

Note:  High demands in the Desert Southwest may alternately result in a reduction in gas flows
to California instead of curtailments in the Desert Southwest due to market forces
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5.1.5 PACIFIC NORTHWEST – EAST 
Figure 40. High Coal Retirements Case results, Pacific Northwest – East. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 5,192          5,192          5,192          
Firm Demands Downstream 2,600          2,600          2,600          

End Use 1,077          1,295          1,430          
Electricity 302             302             302             

Capacity Remaining for Interruptible 1,214          995             860             
Interruptible Demands End Use 71                77                81                

Electricity 317             450             568             
Capacity Shortfall -                   -                   -                   
Electric Sector Share of Shortfall -                   -                   -                   

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation under Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 3,504          4,372          4,855          

Curtailed -                   -                   -                   
Available Mitigation Measures Backup Fuel 334             334             334             

Imports 7,476          7,476          7,460          
Net Capacity Shortfall after Mitigation -                   -                   -                   
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5.1.6 PACIFIC NORTHWEST – WEST 
Figure 41. High Coal Retirements Case results, Pacific Northwest - West. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 4,045          4,045          4,045          
Firm Demands Downstream -                   -                   -                   

End Use 2,608          3,103          3,429          
Electricity 615             615             615             

Capacity Remaining for Interruptible 821             327             -                   
Interruptible Demands End Use 221             240             255             

Electricity 212             310             373             
Capacity Shortfall -                   (224)            (627)            
Electric Sector Share of Shortfall -                   (126)            (373)            

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation under Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 4,058          4,451          4,605          

Curtailed -                   (608)            (1,738)         
Available Mitigation Measures Backup Fuel 516             516             516             

Imports 7,476          7,476          7,476          
Net Capacity Shortfall after Mitigation -                   -                   -                   
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5.1.7 ROCKY MOUNTAINS 
Figure 42. High Coal Retirements Case results, Rocky Mountains. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 3,922          3,922          3,922          
Firm Demands Downstream -                   -                   -                   

End Use 2,462          2,893          3,059          
Electricity 863             863             863             

Capacity Remaining for Interruptible 597             166             -                   
Interruptible Demands End Use 303             331             343             

Electricity 47                115             139             
Capacity Shortfall -                   (280)            (482)            
Electric Sector Share of Shortfall -                   (72)              (139)            

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation under Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 2,565          2,962          3,098          

Curtailed -                   (219)            (430)            
Available Mitigation Measures Backup Fuel 1,308          1,308          1,308          

Imports 2,296          2,296          2,296          
Net Capacity Shortfall after Mitigation -                   -                   -                   
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5.2 High Renewables Case 

Whereas in the Base Case the amount of natural gas generation in the Western 

Interconnection stabilizes relative to historical levels, the High Renewables Case 

would reduce the reliance of the Western Interconnection on natural gas for 

power generation. On an annual basis, gas generation is reduced by 

approximately 25% relative to the Base Case due to the incremental renewable 

generation added throughout the Western Interconnection (see Figure 43). 

Figure 43. Resource capacity and generation, High Renewables Cases 

 

With the addition volume of renewable generation across the Western 

Interconnection, the peak day requirements of the electric sector are reduced in 

all regions in the High Renewables Case relative to the Base Case. With limited 

changes to consumption in other end-use sectors assumed, existing gas 
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infrastructure appears capable of serving winter peak loads in each region 

considered. 

The increased reliance on renewables to meet load in the High Renewables Case 

does not imply that no challenges might result from increases in renewable 

generation. As the capacity factors of gas generators in the West will be reduced 

with greater investment in renewables, the economic incentive for generators 

to reserve firm capacity to meet their needs also diminishes. This may not cause 

a change for some utility-owned or controlled generation resources, for whom 

firm service is often procured in order to ensure the resources will be available 

during peak periods; however, in a world with increasing renewable generation, 

power plants with no regulatory obligations may have the incentive to use 

interruptible service as their frequency of operations reduces. Consequently, 

the tension between the unfavorable economics of firm service to gas 

generators and the utilities’ needs for these plants to serve loads reliably may 

intensify under a world with high penetrations of renewables. 

Table 15. Impact of High Renewables Case on annual and winter peak day gas 
generation by region. 

 

The role of gas generators in the Western Interconnection would further be 

changed under high penetrations of renewables as they are relied upon to 

Annual Gas Generation (GWh) Winter Peak Day Gas Generation (GWh)
High High

Region Base Renewables Change Base Renewables Change
California - North 45,142           39,311           -13% 148                133                -10%
California - South 47,794           36,463           -24% 155                128                -17%
Desert Southwest 78,873           59,102           -25% 241                197                -18%
Great Basin 6,513             3,841             -41% 33                   22                   -35%
Pacific Northwest - East 15,389           12,162           -21% 84                   76                   -10%
Pacific Northwest - West 12,376           8,940             -28% 97                   83                   -15%
Rocky Mountains 14,797           9,169             -38% 62                   51                   -17%
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provide ramping services to accommodate the higher levels of variability 

associated with large penetrations of renewable generation. In a high 

renewables future, large hourly ramps in gas generation and increasing 

utilization of quick-start power plants would require natural gas transportation 

to deliver fuel to power plants on a variable basis. The specific question of how 

this increase in variability might strain natural gas infrastructure is the subject of 

inquiry in Phase 2 of this study. 

5.3 High Exports Case 

The High Exports Case focuses on regions where potential major changes in 

pipeline availability could result from changes in export patterns—either 

continentally to Mexico or overseas via LNG terminals. The implications of these 

changes for the electric sector depend substantially on whether these new large 

export demands are firm or interruptible loads. Both regions serving new export 

volumes are first examined assuming no expansion of infrastructure to meet 

their needs (i.e. new export loads are served by interruptible, rather than firm, 

service) to illustrate their potential impacts without infrastructure expansion.  

Aside from its implications for gas infrastructure adequacy, each of the regional 

export cases considered in this study could have important impacts on gas 

supply adequacy: regardless of whether new loads are firm or interruptible, the 

new demand for gas would increase competition and could have important 

impacts on both local and downstream gas markets. However, this study’s scope 

is limited to an analysis of gas infrastructure adequacy and so focuses on the 

questions of whether there will be sufficient pipeline to meet the electric 

sector’s needs—not whether there will be gas to fill it.  
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5.3.1 DESERT SOUTHWEST 

In the High Exports Case, an additional 1,500 MMcf/d demand in Mexico must 

be met by gas infrastructure in the Desert Southwest. Without infrastructure 

expansion to meet this demand, infrastructure in the Desert Southwest would 

be incapable of serving total regional and downstream needs under even 1-in-2 

winter weather conditions, as indicated in Figure 44. However, in comparison to 

the magnitude of the incremental load being added, the impact on curtailments 

to the region’s electric sector is limited by the substantial volume of firm 

contracts held by electric utilities in the region. 

The potential downstream impacts of this scenario to gas consumers of 

California may be of greater concern. As discussed in Section 4.2, the markets 

for both gas and electricity in California and the Desert Southwest are tightly 

integrated. While this study uses a methodology that attributes curtailments to 

interruptible users, the market forces that direct the regional flows of natural 

gas could also translate to lower flows of gas to California. This issue may be of 

particular concern to California because of the magnitude of potential new 

demands that could divert gas to Mexico. The increased demand on pipelines 

upstream from California, whether native to the Desert Southwest or due to 

increased exports to Mexico, could magnify the potential challenge identified in 

the Base Case of a reduction in supplies of gas to the California border. 

This analysis examines the potential new export volumes assuming no 

incremental expansion to the pipeline systems of the Desert Southwest; 

however, it is possible that the loads associated with export volumes would 

choose firm service over interruptible to provide assurance of gas supplies for 

rapidly growing demand. Under such circumstances, the corresponding 
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expansion to natural gas infrastructure in the Desert Southwest would alleviate 

the transportation challenges identified in this analysis. However, infrastructure 

expansion may not resolve challenges associated with this scenario entirely: 

infrastructure adequacy—whether enough physical capacity would be available 

to serve needs at most times of the year—should not be equated with gas 

supply adequacy. The growth of export volumes to the Desert Southwest may 

have additional impacts on gas markets in the United States (and in particular, 

in the West) as competition for gas resources in the San Juan and Permian 

basins increase. The adequacy of natural gas supply and the impact of such 

future developments on gas markets has not been examined in this study, and it 

is a subject that merits further investigation.  
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Figure 44. High Exports Case results, Desert Southwest. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 7,636          7,636          7,636          
Firm Demands Downstream 4,100          4,100          4,100          

End Use 1,630          1,844          1,985          
Electricity 1,551          1,551          1,551          

Capacity Remaining for Interruptible 355             140             -                   
Interruptible Demands End Use 61                68                72                

Electricity 184             338             440             
Export 1,500          1,500          1,500          

Capacity Shortfall (1,390)         (1,765)         (2,012)         
Electric Sector Share of Shortfall (147)            (313)            (440)            

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation under Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 10,055        10,986        11,595        

Curtailed (849)            (1,821)         (2,560)         
Available Mitigation Measures Backup Fuel 1,358          1,358          1,358          

Imports 6,073          6,073          6,073          
Net Capacity Shortfall after Mitigation -                   -                   -                   

Note:  High demands in the Desert Southwest may alternately result in a reduction in gas flows
to California instead of curtailments in the Desert Southwest due to market forces
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5.3.2 PACIFIC NORTHWEST – EAST 

In the other area of focus in the High Exports Case, a demand of 1,300 MMcf/d 

is added to the Pacific Northwest – East zone, assumed to reflect the demand of 

an LNG export facility receiving service from Malin. This demand is assumed to 

purchase gas at Malin when economic conditions allow; accordingly, it is not 

assumed to receive firm service on the interstate pipeline network.42 The 

consequence of additional demand without expansion of the interstate network 

is a substantial increase in competition for interruptible service—so much so 

that even though the region’s current pipelines exceed the firm regional needs, 

gas supply interruptions would become frequent. 

It is likely that some portion of these would fall upon the electric sector. The 

NERC survey data suggests that many of the generators in the region do not 

currently receive firm service; if this is indeed true, then the region’s gas fleet 

may face gas shortages with the expansion of LNG export facilities. While it is 

uncertain whether such LNG export facilities will be developed, such events 

might provide an incentive for generators to contract for firm service on existing 

pipelines to secure their supplies. 

However, it is worth nothing that natural gas liquefaction is not as time-

sensitive as other natural gas demands, particularly those in the electric sector. 

LNG shipments are loaded over several days, and the shipments may take weeks 

to reach their final destination. Thus, LNG customers overseas may not be 

adversely affected by a North American supply disruption lasting a few days. 

                                                           
42 However, such a facility would likely be a firm service holder between Malin and the coast, as a new pipeline 
would be needed to transport gas between these two points. This development on its own would not materially 
affect the gas-electric relationship in the West. 
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This raises the possibility that a transportation service could be developed in 

which LNG service would be interrupted before electric generators during times 

of high electric sector need. 
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Figure 45. High Exports Case results, Pacific Northwest - East. 

 

Natural Gas Infrastructure Capacity Balance under Winter Loading Conditions (MMcf/d)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Load Carrying Capability 5,192          5,192          5,192          
Firm Demands Downstream 2,600          2,600          2,600          

End Use 1,077          1,295          1,430          
Electricity 302             302             302             

Capacity Remaining for Interruptible 1,214          995             860             
Interruptible Demands End Use 71                77                81                

Electricity 303             488             613             
Export 1,400          1,400          1,400          

Capacity Shortfall (561)            (970)            (1,234)         
Electric Sector Share of Shortfall (96)              (241)            (361)            

Service of Electric Sector Natural Gas Demand under Winter Weather Conditions (MMcf/d)

Regional Gas Generation under Winter Loading Conditions (MW-days)
Winter Weather Conditions

1-in-2 1-in-10 1-in-35
Gas Generation Summary Total 3,504          4,372          4,855          

Curtailed (555)            (1,333)         (1,916)         
Available Mitigation Measures Backup Fuel 334             334             334             

Imports 7,137          7,124          6,950          
Net Capacity Shortfall after Mitigation -                   -                   -                   
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6 Conclusions 

6.1 Summary of Findings 

The investigation of the adequacy of natural gas infrastructure in the Western 

Interconnection to meet the needs of the electric sector highlights a number of 

key findings: 

1. The natural gas and electric industries are deeply linked such that 

events and conditions in one may have significant impacts on the 

other. Over the past decade, the gas and electric industry of the 

Western Interconnection have become inextricably linked. The electric 

sector consumes more natural gas than any other in the Western 

Interconnection, and natural gas accounts for more generation in the 

West than any other single fuel. The level of mutual dependence 

between the two is of such magnitude that they cannot be viewed 

independently, and their interdependence must be considered in each 

industry’s operations, regulation, and long term planning. 

2. Under the Base Case, existing gas transportation infrastructure will 

generally be adequate to meet the regional needs of the electric 

sector except under extreme winter weather conditions. With a low 

rate of electric load growth and increased investment in renewable 

generation, gas consumption in the power sector is not expected to 
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grow at the same rate it has historically; similarly, end use loads 

(residential, commercial and industrial loads) are expected to remain 

relatively stable. The adequacy of the gas system to meet electric sector 

needs results from the fact that it has been designed with consideration 

for end use and some portion of electric loads—in California as a result 

of planning standards that consider the state’s total consumption of 

natural gas, and elsewhere due to the common practice of electric 

utilities of purchasing firm service to transport fuel on interstate 

pipelines. However, under certain extreme weather conditions, gas 

transportation infrastructure may be unable to meet the full demands 

of the electric sector. 

3. Gas generation that does not contract for firm transportation service 

may be subject to interruption during times of high gas demand. This 

raises questions about whether interruptible gas generation can be 

treated as a firm resource for electricity resource planning purposes. 

While this analysis indicates that the risk of curtailments to gas 

generation is generally limited to low-probability events, it does 

highlight the fact that those resources without fuel security through a 

firm contract may not be able to receive fuel when they are needed for 

reliability—especially in winter-peaking regions. While it is beyond the 

scope of this study to determine the precise risk of curtailment to gas 

generators who choose interruptible service, electric sector resource 

planners should consider the potential for such events in their 

generation reliability planning. Appropriately assessing this risk requires 

transparency on the fuel procurement practices of generators not under 

direct control of a utility. For plants controlled directly by planners, this 
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information may be readily available. However, electric sector planners 

may require more detailed information about the fuel procurement 

practices of merchant generators. 

4. The regions of the Western Interconnection are highly interdependent 

in their reliance on natural gas transportation and generation 

infrastructure. While the analysis conducted in this analysis focuses on 

the regions independently, it also highlights the degree to which 

circumstances in one region can impact others. Nowhere is this more 

clearly illustrated than in the relationship between the Desert 

Southwest and California. The Desert Southwest is an important source 

of energy—both natural gas and electricity—for California, and 

conditions upstream in Arizona and New Mexico can have important 

ramifications on the availability of gas to consumers and electric 

generators in California. This relationship highlights the fact that 

regional planning efforts must not only consider infrastructure within 

the region but the conditions and market forces in neighboring regions 

as well. 

5. Regional coordination will play a key role in responding to gas 

generation curtailments during extreme weather. While this study 

identifies some regional vulnerability to curtailment of gas generation 

under extreme weather conditions, it does not necessarily follow that 

signing firm contracts to serve the sector’s needs under all 

circumstances is the appropriate recourse or the economic solution. 

When gas generators relying on interruptible service are curtailed 

during extreme winter weather, the ability to import incremental 
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generation from neighboring regions gives operators a strong response 

to avoid loss of load. A notable exception to this finding suggests that 

even imports might be strained under certain extreme contingency 

events, potentially requiring curtailment of firm electric load. 

6. Events that affect multiple regions simultaneously may pose a threat 

to regional reliability. Electric system operators may not be able to rely 

on their neighbors for additional imports during local extreme weather 

if multiple neighboring systems are simultaneously experiencing similar 

conditions. As the extreme winter weather contingency demonstrates, 

this may not occur during the most severe weather in any single region; 

reasonably cold weather that spans multiple regions at once may be 

substantial enough to cause such an event. This suggests that regional 

planners may want to take steps to ensure that their own systems are 

capable of withstanding a certain severity of winter weather event 

without having to rely to a greater extent on imports from neighboring 

regions. While the historical record indicates that such events occur 

infrequently, this potential issue merits further investigation. 

7. The loss of critical gas infrastructure presents a plausible risk not 

traditionally considered in electric sector reliability planning. The gas 

transportation system is not designed to operate with the same 

measure of redundancy as the electric sector. As a consequence, the 

loss of certain facilities could result in curtailment of a significant 

proportion of the electric generation fleet in some regions, 

notwithstanding any firm contracts held by utilities and generators. The 

potential risk posed by this type of event has not previously been 
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considered in traditional electric reliability planning, which treats the 

potential forced outages of power plants as uncorrelated, independent 

events. However, with the sector’s increasing reliance on natural gas, 

the failure of the infrastructure responsible for that transport could 

cause a large portion of the generation fleet needed for reliability to be 

simultaneously unavailable. This raises the policy question of whether 

additional the electric industry should contribute to additional 

redundancy in the natural gas delivery infrastructure in order to ensure 

reliable electric service. 

8. Continued growth of the West’s natural gas generation fleet will 

require expansion of natural gas infrastructure to provide fuel 

security. While existing infrastructure is appropriately sized for a world 

in which natural gas consumption is similar to present-day levels, it will 

be increasingly strained if new investments in natural gas generation 

increase any region’s reliance on that fuel. Acceleration of the 

retirement of aging coal generators, as explored in the High Coal 

Retirements Case, could be one potential driver, but other factors could 

contribute to greater reliance on natural gas in the future as well. 

Without the expansion of gas infrastructure to meet growth in gas-fired 

generation, curtailment events would increase in frequency to the point 

that they would become the operating rule rather than the exception. 

9. The impacts of new large loads on the adequacy of gas transportation 

infrastructure will depend on the extent to which those loads rely 

upon incremental expansions or existing pipelines. Where export 

volumes receive service through dedicated new capacity, they will not 
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materially impact the adequacy of gas infrastructure to meet the needs 

of the electric sector or other end uses in the West. These types of 

changes could cause challenges relating to the supply of natural gas—an 

admittedly important issue that falls outside the scope of this study but 

certainly deserves the attention of electric planners. If export volumes 

are not met through the construction of new facilities, they would have 

a material impact on local gas generators who rely on interruptible 

service, creating a more competitive market for interruptible 

transportation services and potentially diverting capacity away from the 

electric sector. However, gas service to LNG facilities may not be as 

time-critical as service to electric generators. Thus, it is conceivable that 

new service offerings could allow this new demand to be served without 

expansion of pipelines while avoiding impacts to the electric sector. 

6.2 Next Steps 

The analysis conducted herein and key findings drawn from it point to a number 

of next steps to facilitate the interaction of the gas and electric industries in the 

Western Interconnection: 

1. Increase dialogue between gas and electric bulk system operators & 

regulators. While this study’s analysis suggests that the risks of the 

electric sector to gas curtailments may occur relatively rarely, it 

nonetheless indicates a need for increased coordination between the 

gas and electric industries. Both regulators and operators would benefit 

from shared understanding of the two systems and their mutual 
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reliance, facilitating decisions made both in real-time operations and 

over the long term as the two industries continue to evolve together. 

2. Investigate long term mitigation strategies. This study focuses on the 

operations of the power sector and its reliance on gas transportation in 

an effort to inform longer term decisions made by planners, 

policymakers, and regulators. The analysis suggests that the electric 

sector can mitigate its risk to gas curtailments by subscribing to firm 

service, providing a signal to the gas industry that it will bear the costs 

of expansion to gas infrastructure needed to maintain a certain level of 

adequacy. However, we do not conclude that fully contracting firm 

service for all gas generation is the appropriate or cost-efficient means 

of ensuring appropriate reliability for electric ratepayers. Interruptible 

service is lower-cost than firm service, and electric generators may have 

other options to ensure their availability (e.g. storing backup fuel on-

site) that could justify reliance on interruptible service. The question of 

how to address the risks borne by electric ratepayers falls beyond the 

scope of this study and is ultimately a choice for electric sector planners 

and regulators. Other steps that may be taken to reduce risks—for 

example, investment in additional backup fuel capabilities, market 

arrangements that might improve the system’s resilience to extreme 

events, or regulatory changes to the model through which gas service is 

provided to end users and electric generators—should be studied in 

further depth. 

3. Consider potential gas constraints in electric resource planning. This 

study identifies several types of situations in which gas infrastructure 
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might not be capable of supplying gas to all the generators called upon 

to dispatch. In general, these types of events are relatively rare but 

could have broad impacts (e.g. infrastructure contingencies). While 

planning tools in the electric sector have not considered such events, 

the stochastic framework of reliability modeling traditionally used is 

well-suited to the evaluation of risks associated with such low-

probability, high-impact events. To the extent that the vulnerabilities of 

the gas fleet to interruptions and curtailments can be characterized 

appropriately, these risks may be incorporated into reliability planning 

efforts as indicated in Figure 46. 
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Figure 46. Framework for incorporating gas constraints into electric sector 
reliability modeling. 

 

4. Gather further information about services used by electric sector. 

Determining the precise amount of natural gas generation subscribed to 

firm service on existing gas infrastructure is a task beyond the scope of 

this study, yet the balance between the use of firm and interruptible 

services to meet electric sector needs has important impacts on the 

long-run sizing of gas infrastructure. In response to challenges faced in 
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the eastern United States, recent efforts to highlight the degree of 

reliance on firm and interruptible transport services have brought 

increased transparency to the contracting activities of gas generation in 

that region. A similar undertaking in the West would provide valuable 

information to planners seeking to understand at a more specific and 

precise level the degree to which generators rely on firm and 

interruptible transportation services.  

5. Investigate potential West-wide conditions/contingencies and the 

ability of West to redispatch to meet the needs of a given region. This 

study provides a high-level assessment of the potential impact of gas 

infrastructure contingencies in order to highlight one of the electric 

sector’s vulnerabilities. This study identifies west-wide weather events 

as a potential circumstance in which electric load might be at risk of 

curtailment to due unavailability of gas generators. Further study is 

warranted of the types of conditions under which this might occur and 

the tools available to electric and gas sector operators to help mitigate 

the effects.  

6. Study region-specific issues to address geographies at more granular 

level. In some parts of the Western Interconnection, such efforts are 

already underway: the Northwest Gas Association (NWGA) and Pacific 

Northwest Utilities Conference Committee (PNUCC) have combined 

resources in the Power and Natural Gas Planning Task Force to 

investigate the tightening balancing of transportation infrastructure and 

natural gas demand in the I-5 Corridor, identifying potential shortages 

of infrastructure capability to meet electric sector needs similar to those 
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identified by this study.43 At the same time, market signals have 

prompted the exploration of potential system expansions in this region 

to reinforce existing infrastructure, both through additional pipeline 

capacity and expansion of existing storage facilities. 

7. Study intermediate years to determine how quickly some of the issues 

identified in this study can arise. This study’s framework analyzes 2022 

as a snapshot of potential long term conditions in the gas and electric 

systems; however, changes to the two sectors posited herein could 

occur at a slower or faster rate. Changes to the electric sector that could 

have implications for natural gas infrastructure—for instance, 

intensified efforts to retire aging coal generation—should serve as 

“signposts” for electric sector planners and regulators to signal the need 

for consideration of the impacts of changes on the need for natural gas 

infrastructure. 

8. Examine supply adequacy and market issues that could create 

challenges for electric sector. While this study focuses on issues related 

directly to the adequacy of natural gas infrastructure in the Western 

Interconnection, issues relating to the supply and marketing of natural 

gas in the West (and across the North American continent) have 

emerged as a potential concern for the region’s electric sector as well. 

Market forces and constraints on natural gas supply prompted the 

recent need to curtail gas generation in Southern California, an event 

that serves as a reminder that neither the existence of pipeline capacity 

                                                           
43 http://pnucc.org/sites/default/files/I-5%20Corridor%20Analysis%20Report%202013%20-
%20Phase%20One%20w%20ex%20sum.pdf  

http://pnucc.org/sites/default/files/I-5%20Corridor%20Analysis%20Report%202013%20-%20Phase%20One%20w%20ex%20sum.pdf
http://pnucc.org/sites/default/files/I-5%20Corridor%20Analysis%20Report%202013%20-%20Phase%20One%20w%20ex%20sum.pdf
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nor its firm reservation provides a guarantee that gas will be available 

when it is needed. Understanding where the sector may be vulnerable 

to supply issues and economic conditions would further enhance the 

ability of planners, policymakers, and regulators to ensure gas 

generation continues to play a key role in the Western power sector. 
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7 Appendices 

7.1 Scenario & Contingency Development Process 

Prior to the project kickoff, the Technical Advisory Group (TAG) provided E3 and 

GL with preliminary lists of scenarios and contingencies that might be addressed 

in this study. The initial list of scenarios, shown in Table 16, resulted from an 

internal brainstorming process by the TAG that subsequently organized the 

results into two tiers of priority. The list of potential contingencies is shown in 

Table 17. 

On September 17, 2013, E3 and GL met with the TAG to further refine the list of 

scenarios and contingencies to address key questions. The following ideas were 

identified as guiding principles in the selection of scenarios for analysis: 

 Each scenario should be sufficiently distinct from the others in order to 
facilitate breadth of analysis; 

 Each scenario should capture a reasonably plausible future state of the 
world; and 

 Each scenario should address a particular issue or concern related to 
how natural gas infrastructure may affect the reliability of the electricity 

sector. 
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Table 16. Two tiers of scenarios identified by TAG for possible analysis in study 

First Tier Scenarios 
1. High distributed solar PV generation 
2. High renewables 
3. Large coal retirements 
4. High GHG tax/aggressive GHG policies 
5. Robust economic growth 
6. High energy efficiency 
7. Sustained drought/low hydro 
8. Growth of natural gas exports to Mexico 
9. High demand response and multi-utility coordination 
10. Tight gas supply/new fracking regulations 

Second Tier Scenarios 
11. Large LNG exports 
12. Low renewables 
13. Pipeline conversion (to or from oil service) 
14. Gas-fired generation technology breakthrough 
15. Energy storage technology breakthrough 
16. Increased natural gas use in transportation 

 

Table 17. Contingency events identified by TAG for possible analysis 

Contingencies 
1. Coincident extreme weather – very cold winter day 
2. Coincident extreme weather – very hot summer day 
3. Dry hydro conditions 
4. Major pipeline rupture 
5. Major electric transmission failure 
6. Major generation outage (e.g. Palo Verde or Diablo Canyon)  
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To narrow the initial list, scenarios were classified according to two major criteria: 

their impact on the magnitude of natural gas demand during peak periods and 

their impact on the variability of natural gas demand throughout the year (both 

measured relative to the Base Case). The result of this exercise is shown in Figure 

47, which illustrates each potential scenario’s impact relative to the Base Case; 

the location of each scenario captures its anticipated directional impact but 

should not necessarily be interpreted as a precise measure of the scenario’s 

impact (especially in comparison to other scenarios). 

Figure 47. Preliminary classification of scenarios by their expected impacts on 
the magnitude of peak gas demand (y-axis) and the intraday variability 
of gas demand (x-axis). 
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Classifying scenarios according to these impacts has two purposes. First, as the 

two impacts considered parallel the study’s two phases, the classification guides 

the study’s focus to scenarios that will strain the system according to the impacts 

considered in each phase (see Figure 48). Second, this exercise allows candidate 

scenarios to be grouped together based on their expected impacts; in order to 

maximize the value of the analysis, the team agreed that scenarios with similar 

impacts should not both be studied if the lessons learned in one would be 

reasonably applicable to the other. 

Figure 48. Correspondence between the quadrants used to classify scenarios 
and the phases of the study. 

 



 

 

 Natural Gas Infrastructure Adequacy in the Western Interconnection: An Electric System Perspective 

P a g e  | 190 | 

Based on the results of this exercise, the working group identified a preliminary 

set of three scenarios in addition to the Base Case: 

1) High Coal Retirements Case 

2) High Renewables Case 

3) High Exports Case 

Many of the scenarios initially considered but not chosen for study represent 

issues of particular interest to electric sector planners and policymakers and have 

received substantial attention in planning forums throughout the West. In many 

cases, the decision to exclude these scenarios was motivated by a scenario’s 

expected similarity to one of the scenarios the TAG did select for analysis: 

 The impacts of the High DG scenario on electric system operations are 

expected to be comparable to the High Renewables Case; while the 
choice between distributed generation and central station renewables 

has important implications for the power sector, their impacts on the 
sector’s demand for natural gas at the bulk system level will be similar. 

 A High GHG Tax of sufficient magnitude could cause displacement of 
coal for gas generation in the Western Interconnection. It is perhaps 

also plausible that a very high tax would incent additional investment in 
renewables. These two outcomes are covered by the Coal Retirement 

Case and the High Renewables Case, respectively; in other words, a high 
GHG tax is a mechanism that might cause the realization of either of 
these scenarios. 

 Several candidate scenarios (Robust Economic Growth, Natural Gas 
Vehicles) would result in increases in the magnitude of natural gas 

demand during peak periods. While the impetus for the increase in 
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natural gas demand in each of these scenarios is distinct, the Coal 
Retirement Case is perceived as an edge case among the multiple 

scenarios that result in increased demand. Similarly, the Low 
Renewables Case would also cause increased reliance on natural gas for 

generation, but would result in less variability than in the Base Case. 

 While a Sustained Drought would result in higher demand for gas over 

the course of a year, the capability of hydroelectric generation to meet 
peak demands during relatively narrow windows would remain largely 

unimpaired. Accordingly, a sustained drought scenario was not thought 
to result in a significant increase in demand for natural gas in the power 

sector during periods when natural gas infrastructure might be 
constrained. 

 Potential technology breakthroughs—either Gas Generation or Energy 
Storage—will have limited impacts on the power sector’s reliance on 

natural gas compared to most of the other disruptive changes being 
considered as potential scenarios, and thus are likely to show similar 
results to the Base Case. Additionally, much of the impact of 

technological breakthroughs likely will be beyond the 10-year 
timeframe of the study. 

 

 

7.2 Detailed Production Simulation Inputs 

7.2.1 BASE CASE 

This section describes the changes made to the 2022 Common Case to create 

the Base Case for this analysis. 
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 SONGS retirement. As the 2022 Common Case was developed during 
2010 and 2011, it does not reflect the 2012 closure of the San Onofre 

Nuclear Generating Station (SONGS) in Southern California. This plant 
was removed from the database to reflect its recent retirement. This 

recent development change has major implications for California’s 
electricity sector, as SONGS not only provided a large volume of carbon-

free generation to California ratepayers but also played a pivotal role in 
maintaining local reliability in the Los Angeles Basin. To replace the 

contribution of SONGS to reliability, the California ISO has identified a 
need for approximately 2,500 MW of additional generating capacity in 

the basin. The decision of what resources to procure to meet this need 
is currently under consideration in the California Public Utility 

Commission’s Long Term Procurement Proceeding (LTPP) but is likely to 
include a combination of gas-fired generation and “preferred” resources 

(efficiency, demand response, and renewables). This study uses an 
assumption that SONGS is replaced with an equivalent capacity of 
combined cycle units in the basin; this is not intended as a forecast of a 

likely outcome but is chosen as a conservative assumption in a study 
focused on stresses to the natural gas system. 

 Announced coal retirements. Subsequent to the release of the 2022 
Common Case, several coal plants in the Western Interconnection have 

announced plans to retire within the coming decade. The units shown in 
Table 18, a total of 1,614 MW, were all removed from the case to reflect 

these intentions. This study assumes that combined cycle plants of 
equivalent capacity are built to replace the capacity and energy in the 

portfolios of the utilities that owned these plants. 

Table 18. Coal plants assumed to retire in Base Case. 

Plant Capacity (MW) 

Carbon Units 1 & 2 172 
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Naughton Unit 3 330 

Reid Gardner 4 275 

San Juan Units 2 & 3 837 

Total 1,614 

 

 Improved burnertip gas price forecast. The 2022 Common Case relies 
on regional natural gas price forecasts to determine the dispatch of 

natural gas generators. Since the case’s creation, stakeholders have 
identified some problems with the methodology used to forecast gas 

prices that could distort regional dispatch patterns. To improve the gas 
price forecast in the 2024 Common Case, WECC stakeholders have 

developed a new methodology that relies on results of the CEC’s North 
American Gas (NAMGas model). A preliminary version of that forecast 

was incorporated into this analysis. 

 Frozen flows between Pacific Northwest and Canada. The 2022 

Common Case includes a substantial buildout of new hydroelectric 
resources in British Columbia based on assumptions submitted to 
WECC. The impact of this assumption on the case is significant, 

especially from the perspective of natural gas consumption. Historically, 
the province has alternated between importing power from and 

exporting power to the rest of the WECC depending on hydro 
conditions; in the 2022 Common Case, British Columbia is represented 

as a net exporter of between 2,000 and 3,000 MW of power to the 
Pacific Northwest, which suppresses gas consumption in the power 

sector in that region and others. The magnitude of this transformation is 
illustrated in Figure 49, which compares average monthly flows on Path 

3 for two historical years with the results of the 2022 Common Case. 
This study, seeking to understand potential stresses to the gas sector, 

does not carry forward the assumption of British Columbia’s 
transformation. In order to instead reflect British Columbia’s current 
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role in the Western Interconnect, hourly flows between the Pacific 
Northwest and British Columbia were frozen at their 2005 levels.44 

Figure 49. Comparison of historical flows on Path 3 (Pacific Northwest to British 
Columbia) in historical years and in 2022 Common Case. Error bars 
reflect the range of flows in each month. 

 

 Removal of California CHP. Another assumption with major implications 
for natural gas demand in the power sector was the addition of 1,733 

MW of new combined heat and power plants in California. These 
resources were added to the case to align with assumptions used in 
California’s 2010 Long term Procurement Proceeding (LTPP); however, 

in the 2012 LTPP, the CPUC has revised this planning assumption and 
does not include any future CHP in its long term assessment of system 

                                                           
44 The year 2005 was chosen for the flows to and from British Columbia to preserve an hourly correlation with 
many of the other input assumptions, including load, wind, and solar profiles and hydro conditions throughout 
the WECC.  
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needs. Accordingly, these baseload resources were removed from the 
dataset to reflect the revision to California’s planning assumptions. 

 Relocation of out-of-state California renewables. In the 2022 Common 
Case, the renewable portfolio of resources attributed to California’s 33% 

requirement was developed based on information provided by the 
CPUC through the 2010 LTPP. The CPUC’s recommended assumptions at 

the time, based on its “cost-constrained” RPS portfolio, included a 
significant portion of out-of-state wind resources. Today, the 

procurement landscape in California has shifted: large cost reductions in 
solar PV have facilitated the growth of that market segment, and the 

contracting activities of the utilities provide a much clearer picture of 
what the state’s RPS portfolio will look like. To capture this shift, a 

number of the renewable resources included in out-of-state 
jurisdictions for the purpose of meeting California’s RPS targets have 

been removed from the case and replaced with an equivalent quantity 
of solar PV generation located within the boundaries of California. The 
total transfer of energy resulting from this adjustment is approximately 

8,500 GWh. 

 Removal of Northwest cogeneration. Several cogeneration resources in 

the Pacific Northwest were removed from the case. After close 
examination of the region’s operations, the team realized that these 

units were either no longer in operation or were operating to serve on-
site loads (and thus should not be treated as wholesale generation in 

the study). These plants were removed from the simulation. 

 Adjustment of California cogeneration heat rates. Several of the 

cogeneration plants in California were found be operating at much 
higher capacity factors than historically observed, which resulted from 

the choice to model these plants using a “net” rather than “gross” heat 
rate in the economic optimization. The heat rate curves for these 
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specific units were replaced with curves that better reflect their actual 
expected level of operations. 

7.2.2 HIGH COAL RETIREMENTS CASE 

With the exception of coal plants less than 15 years of age, E3 chose the 

following characteristics as criteria for retirement: (1) a vintage of 36 years or 

older; (2) a heat rate of 10,800 Btu/kWh or higher; or (3) a plant size of 300 MW 

or less. This results in 16,894 MW of incremental coal retirements across the 

WECC. 

Figure 50 is a scatter plot of coal plants in the Base Case displaying their age 

(vintage) on the x-axis and heat rate on the y-axis. Red points indicate 

incremental coal plant retirements, and blue points indicate coal plants that 

remain online. Those plants located in the lower left quadrant were chosen for 

retirement based on the third criterion not shown in this graph—a size of less 

than 300 MW.  



 

 
 

P a g e  | 197 | 

 Appendices 

© 2014 Energy and Environmental Economics, Inc. 

Figure 50. Screening analysis for incremental coal retirements modeled in the 
Coal Retirements Case 

 

7.2.3 HIGH RENEWABLES CASE 

On a state-by-state basis, Figure 51 shows the effective RPS achieved in the Base 

Case and the adjustments made to study a higher renewable penetration future. 

Across the study footprint, these adjustments raise the total penetration of 

renewable generation from 16% in the Base Case to 26% in the High 

Renewables Case. 
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Figure 51. State-by-state adjustments made to renewable penetrations to 
model the High Renewables Case. 

 

The resource mix used to represent the additional increment of renewable 

generation is selected on a state-by-state basis with consideration for the 

regional potential and cost of different renewable generation technologies. 

These mixes are shown in Table 19.  

Table 19. Assumed mix of renewable generation added to meet incremental 
generation need in the High Renewables Case. 

State/Province Geothermal % Solar % Wind % 

Alberta 0% 0% 100% 

Arizona 0% 90% 10% 

British Columbia 0% 0% 100% 

California 0% 80% 20% 

Colorado 0% 25% 75% 

Idaho 0% 10% 90% 

Mexico 0% 100% 0% 
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Montana 0% 0% 100% 

Nevada 50% 50% 0% 

New Mexico 0% 50% 50% 

Oregon 0% 10% 90% 

Texas 0% 10% 90% 

Utah 0% 50% 50% 

Washington 0% 10% 90% 

Wyoming 0% 0% 100% 

7.3 Electric Sector Extreme Demands 

E3 uses the results of the production simulation runs in combination with an 

analysis of historical load patterns to determine potential magnitudes of peak 

demand in the electric sector under extreme weather conditions on a region-by-

region basis through a three-step process: 

1) Develop hourly load profiles for peak winter days. In each region, the 

winter day with the highest peak load in the production simulation is 

identified; this is assumed to represent a “1-in-2” winter weather event, 

which presumably coincides with an average year’s coldest day. To 

translate the “1-in-2” hourly loads from that day to hourly loads 

corresponding to “1-in-10” and “1-in-35” extreme winter weather 

events, we developed adjustment factors based on regression analyses 

relating daily peak demand and daily heating degree days for each zone 

based on historical data from 2005. 

First, we aggregated hourly loads for the balancing authorities that comprise 

each zone, and then calculated the daily peak demand for each weekday of the 
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winter months (December, January and February). Next, we calculated heating 

degree days for the same historical period based on temperature data from 

representative weather stations (see Table 20). Finally, we estimated the 

relationship between daily heating degree days and peak demand; the slope of 

the regression represents the increase in peak demand for each unit increase in 

HDD (or one Fahrenheit decrease in temperature). Table 20 shows the 

regression results for each zone. 

Table 20. Representative Weather Stations 

Zone Station Location 

Alberta Calgary, AB 

British Columbia Vancouver, BC 

California – North Sacramento, CA 

California – South Burbank, CA 

Desert Southwest Phoenix, AZ 

Great Basin Salt Lake City, UT 

Montana Billings, MT 

Pacific Northwest (East) Boise, ID 

Pacific Northwest (West) Portland, OR 

Rocky Mountains Denver Stapleton, CO 

 

We then applied the results of the regression analysis to estimate adjustment 

factors used to translate 1-in-2 winter loads to loads likely to be experienced 

during more extreme winter conditions. We estimated daily peak demands for 

each extreme weather condition by applying the regression coefficients to 

heating degree days representing 1-in-2, 1-in-10 and 1-in-35 weather conditions 

(see Table 21). Adjustment factors are defined as the 1-in-10 and 1-in-35 peak 
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demands divided by the 1-in-2 peak demand, and they are shown in Table 22 

below. The relative difference between an “average” (i.e., 1-in-2) winter peak 

and an extreme (ex., 1-in-35) winter peak varies considerably from one region 

to the next; this is due not only to differences in the relative severity of extreme 

weather, but also in the region’s reliance on electric heating to serve residential 

and commercial end uses. 

Table 21. Heating Degree Days and Electric Load for Winter Peak Events 

Zone 
HDDs for Extreme Weather Load (MW) 

1-in-2 1-in-10 1-in-35 1-in-2 1-in-10 1-in-35 

AB      81.8       88.7       91.1       9,360       9,446       9,475  

BC      39.2       47.0       53.6      10,349      10,781      11,150  

CA-N      24.0       28.8       33.7      16,224      16,576      16,930  

CA-S      21.9       26.3       28.0      21,190      21,232      21,248  

DSW      23.0       28.8       32.6      16,497      17,355      17,921  

GB      50.1       59.0       67.0       6,289       6,546       6,775  

MT      70.0       81.0       84.3       1,689       1,748       1,766  

PNW-E      49.7       63.7       72.7      14,697      15,998      16,834  

PNW-W      35.8       44.0       49.7      17,139      18,581      19,577  

RM      58.3       70.5       74.9       9,148       9,494       9,617  
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Table 22. Adjustments used to translate 1-in-2 winter loads to more extreme 
winter peak conditions. 

Region 1-in-10 Winter Peak 
(% of 1-in-2) 

1-in-35 Winter Peak 
(% of 1-in-2) 

Alberta 100.9% 101.2% 
British Columbia 104.2% 107.7% 
California – North 102.2% 104.3% 
California – South 100.2% 100.3% 
Desert Southwest 105.2% 108.6% 
Great Basin 104.1% 107.7% 
Montana 103.5% 104.6% 
Pacific Northwest – East 108.9% 114.5% 
Pacific Northwest – West 108.4% 114.2% 
Rocky Mountains 103.8% 105.1% 

 

 

 

Figure 52. Zonal Regression Results 
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2) Identify unloaded gas generation capacity in 1-in-2 weather dispatch. 

GridView provides a feasible dispatch of WECC resources to meet 

demand under 1-in-2 weather conditions, but under higher loads, 

additional resources would need to be dispatched to meet incremental 

demand. E3 assumes that each region will increase the output of local 

gas units to meet this additional need up to the amount of unloaded gas 

capacity. In each region, E3 identifies gas generation capacity that is not 

fully dispatched to meet the 1-in-2 peak and assumes that that capacity 

would be available to meet the requisite increase in loads associated 

with higher levels of demand. The unloaded gas capacity is dispatched 

to serve load in order of increasing heat rate. The result of this step is an 

hourly dispatch of gas units based on the 1-in-2 peak but adjusted 

upwards to meet a 1-in-10 or 1-in-35 peak. 

3) Determine fuel burn associated with adjusted dispatch. The total gas 

demand across the day associated with each weather event is 

calculated based on each unit’s total daily operations and its assumed 

heat rate. For flexible gas units, the assumed heat rate is based on each 

plant’s fully-loaded heat rate as modeled in the 2022 Common Case. For 
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baseload cogeneration plants, whose heat rates in the 2022 Common 

Case reflect a “net” heat rate, an adjustment is made to capture the 

gross fuel burn required to run the plant based on the historical 

operations of those plants as reported in EIA Form 923. 

7.4 End Use Demand Methodology 

7.4.1 LDC HISTORICAL CONSUMPTION 

Historical annual consumption data for each LDC operating in the Western 

Interconnect, as well as industrial users with direct connects to interstate 

pipelines, was gathered from Form EIA-861 for the period 2008-2011. Form EIA-

861 provides, on an annual basis, the volumes of gas sold and transported to 

each sector by each LDC in each state. These figures are used to derive 

estimates of the average consumption per customer (MMcf/customer) over the 

course of a year. 

7.4.2 FORECASTING GROWTH 

The potential growth of end-use loads in the Western Interconnection was 

determined through a survey of gas integrated resource planning documents 

that many LDCs file with state commissions. The amount of detail incorporated 

into such documents varies considerably, but generally, each LDC provides: (a) 

an estimate of expected growth rates for each customer segment as well as 

expected changes in consumption resulting from efficiency gains, or (b) an 

estimate of total expected growth in consumption (accounting for both factors). 
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Historically, most growth in the customer bases of LDCs has been approximately 

offset by increasing end use efficiency; this helps explain the stability of total 

consumption in these sectors across the past decade. Many of the LDCs 

surveyed expect that trend to continue and show limited expectations of 

growth in end use consumption. The LDCs surveyed and their expected net 

growth over the coming decade (the combination of customer growth and 

efficiency gains) are summarized in Table 23. 

Table 23. Surveyed growth rates by LDC, state, and customer segment. 

LDC 

 Assumed Net Growth Rate (%/yr) 

State Res Com Ind 

Avista Utilities 

WA 1.5% 1.6% 1.0% 

ID 2.0% 1.7% 0.4% 

OR 1.7% 1.3% 0.74% 

Cascade Natural Gas Corp 
WA 0.9% 2.0% -2.8% 

OR 0.9% 2.0% -2.8% 

New Mexico Gas Co NM 0.8% 0.8% 0.8% 

Northwest Natural Gas Co 
WA 1.2% 0.2% -1.8% 

OR 1.2% 0.2% -1.8% 

Pacific Gas & Electric CA -0.2% -0.1% 0.1% 

Puget Sound Energy WA 2.1% 1.9% -2.0% 

San Diego Gas & Electric Co CA 0.5% 1.2% -1.8% 

Southern California Gas Co CA -0.2% -0.2% -0.9% 

Terasen Utilities BC -0.2% 0.9% -0.7% 

Not all LDCs publish such long term planning documents. In such cases, 

consumption in end use segments was assumed to remain stable over the 

period of the analysis, reflecting a long-run observed historical trend in 
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consumption. Similarly, consumption of industrial users with direct connections 

to interstate pipelines was assumed to remain stable. 

7.4.3 RELATING GAS DEMAND AND TEMPERATURE 

In order to provide estimates of demand for a finer time scale, a relationship 

between daily temperature and daily demand in each sector was developed at a 

state-by-state level. Because of the relationship between temperature and gas 

demand, natural gas demand can be broken into two components: (a) baseline 

or base load demand, which exists independent of temperature and is relatively 

constant and predictable; and (b) temperature-sensitive demand, which 

increases relatively linearly as temperature decreases. Figure 53 illustrates this 

relationship between temperature and natural gas consumption; as 

temperature decreases, temperature-sensitive demand increases while baseline 

demand remains constant. The portion of demand that is temperature-sensitive 

has been found through empirical analysis to follow a roughly linear trend, and 

this relationship is one that is used by many LDCs in their assessments of design-

day demands to inform their procurement of firm transportation service to 

meet their customers’ needs.45 

                                                           
45 See, for example, Avista (2012) and Cascade Natural Gas Corporation (2012). 
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Figure 53. Relationship between temperature and natural gas demand 

 

This study uses a regression analysis that relates gas use-per-consumer 

(“demand intensity”) to heating degree days (HDDs) based on historical data 

from 2007 through 2011. Separate econometric models were developed for 

each pairing of end use sector and state/province. Due to the unique nature of 

California’s intrastate pipeline system, we developed separate econometric 

models for northern and southern California’s core and noncore markets, rather 

than end use, based on historical demand data from PG&E’s California Gas 

Transmission Pipe Ranger and the California Gas Report.46 

Average daily demand intensity, expressed in MMcf per day per consumer 

(MMcf/day/consumer), was calculated using monthly natural gas consumption 

and annual customer count data.47 For each state/province, we used daily 

temperature data from representative weather stations to calculate average 

                                                           
46 Northern California demand data from PG&E (2014); Southern California demand data from Southern California 
Gas Company, Pacific Gas & Electric Company, San Diego Gas & Electric Company, Southwest Gas Corporation, 
City of Long Beach Gas & Oil Department, Southern California Edison (2012). 
47 Data is from EIA (2013a) and Statistics Canada (2013).  
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monthly HDDs.48 Table 24 shows the weather stations used for each 

state/province and the base temperature assumed to calculate HDDs.  

Table 24. Representative weather stations used to develop end use natural gas 
regressions. 

State/Province Station Location Base Temp. 
(degrees F) 

Alberta Calgary, AB 65 

Arizona Phoenix, AZ 60 

British Columbia Vancouver, BC 60 

California (North) Sacramento, CA 60 

California (South) Burbank, CA 65 

Colorado Denver Stapleton, CO 60 

Idaho Boise, ID 60 

Montana Billings, MT 60 

Nevada Las Vegas, NV 65 

New Mexico Albuquerque, NM 65 

Oregon Portland, OR 60 

Utah Salt Lake City, UT 60 

Washington Seattle, WA 60 

Wyoming Cheyenne, WY 60 

The functional form of the econometric model is shown below, where HDD is 

the average heating degree days (in HDD/day), Demand_Intensity is the average 

demand-per-consumer (in MMcf/day/consumer), b0 is the baseline demand 

intensity, and b1 describe the increase in demand intensity for each unit 

increase in HDD. 

𝐷𝑒𝑚𝑎𝑛𝑑_𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 =  𝑏0 + 𝑏1𝐻𝐷𝐷 

                                                           
48 Temperature data is from NOAA (2013) and Environment Canada (2013). 
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Figure 54 shows the relationship between HDD and demand intensity for 

Idaho’s residential, commercial and industrial sectors. Detailed statistical 

information on the regression analyses can be found in Table 25 through Table 

28 below. 
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Figure 54. Residential, commercial, and industrial regressions of average 
customer intensity and average heating degree days, Idaho.  
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Table 25. Residential Sector Regression Results 

Region Intercept (b0) Slope (b1) R-squared 

AB 6.96E-08 1.59E-08 0.984 

AZ 5.11E-08 1.58E-08 0.769 

BC 6.52E-08 1.62E-08 0.959 

CO 5.07E-08 1.24E-08 0.927 

ID 5.87E-08 1.27E-08 0.966 

MT 6.65E-08 1.05E-08 0.926 

NM 5.29E-08 1.03E-08 0.830 

NV 7.10E-08 1.32E-08 0.864 

OR 5.32E-08 1.44E-08 0.918 

UT 7.50E-08 1.17E-08 0.881 

WA 5.57E-08 1.64E-08 0.940 

WY 5.29E-08 1.12E-08 0.925 

 

Table 26. Commercial Sector Regression Results 

Region Intercept (b0) Slope (b1) R-squared 

AB 5.73E-07 1.09E-07 0.980 

AZ 1.26E-06 1.20E-07 0.766 

BC 5.17E-07 8.29E-08 0.898 

CO 3.67E-07 5.72E-08 0.916 

ID 4.59E-07 5.96E-08 0.959 

MT 5.39E-07 6.49E-08 0.823 

NM 6.80E-07 6.56E-08 0.760 

NV 1.49E-06 9.04E-08 0.839 

OR 4.56E-07 6.64E-08 0.908 

UT 6.78E-07 8.12E-08 0.851 

WA 6.70E-07 8.94E-08 0.931 

WY 4.61E-07 6.35E-08 0.920 
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Table 27. Industrial Sector Regression Results 

Region Intercept (b0) Slope (b1) R-squared 

AB 2.50E-03 1.13E-05 0.719 

AZ 1.28E-04 5.47E-06 0.629 

BC 6.56E-04 2.26E-05 0.714 

CO 4.52E-05 7.86E-07 0.266 

ID 3.24E-04 3.19E-06 0.577 

MT 1.02E-04 1.58E-06 0.589 

NM 1.14E-04 3.38E-07 0.021 

NV 1.60E-04 1.78E-06 0.389 

OR 1.42E-04 1.66E-06 0.479 

UT 2.76E-04 2.00E-06 0.455 

WA 5.10E-05 7.75E-07 0.661 

WY 7.79E-04 6.59E-06 0.330 

 

Table 28. California Core and Noncore Market Regression Results 

Region OLS Result Core Noncore 

California - North 

Intercept (b0) 4.99E-01 8.10E-01 
Slope (b1) 7.20E-02 -2.65E-03 
R-squared 0.987 0.034 

California - South 

Intercept (b0) 7.11E-01 4.97E-01 
Slope (b1) 9.99E-02 1.86E-04 
R-squared 0.997 0.005 

 

 

7.4.4 ESTIMATING DEMAND UNDER EXTREME WEATHER CONDITIONS 

To forecast peak day gas demand, LDCs typically define a peak-day design 

temperature (or HDD) corresponding to some likelihood of exceedance, but 
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there is not a standard design day temperature event criterion. For example, 

SoCalGas uses a peak-day design temperature of 38.9 degrees Fahrenheit based 

on a 1-in-35 year cold temperature event criterion. On the other hand, Avista 

uses its coldest temperature on record as its design criterion. To estimate peak 

design day demand for various design day criterion, we calculated peak-day 

design HDD values and applied them to regression coefficient results from the 

section above.  

We developed peak-day design HDD values for each weather station using the 

following steps. First, we used sixty four years of daily weather data spanning 

1949 to 2012, and estimated the maximum HDD value for each of the 64 

calendar years. Next, we calculated the cumulative distribution function (CDF) 

associated with the sample. Finally, we found the 51.6th, 91.6th and 98.7th 

percentiles of the distribution to estimate “1-in-2”, “1-in-10” and “1-in-35” cold 

year HDD values, respectively. 

We illustrate this methodology using data from the Portland, OR (KPDX) 

weather station. Figure 55 shows the maximum annual HDD values for each of 

the 64 weather years sorted from highest to lowest, as well as the 64-year 

average. This data is then translated into the CDF show in Figure 56, which 

shows HDD values for specific design criterion. Portland will experience 44.0 

HDD (i.e., 16.0 degrees Fahrenheit) with a 1-in-10 annual likelihood and 49.7 

HDD (i.e., 10.3 degrees Fahrenheit) with a 1-in-35 annual likelihood.  
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Figure 55. KPDX Maximum Annual HDD Values (1949 – 2012) 

 

Figure 56. KPDX Cumulative Distribution Function and Peak HDD Values 
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We estimated the 2022 peak demand for each LDC’s end use sector using the 

following steps. First, we estimated peak day demand intensity by applying the 

regression coefficients to the peak-day design HDD values. Next, we multiplied 

the demand intensity by the forecasted number of customers in 2022. Finally, 

we adjusted demand to reflect any specified consumption efficiency gains or 

aggregate energy changes. LDC peak day demands are then aggregated into 

zonal demands.  

 

7.5 Physical Capacities 

This section summarizes the capability of existing infrastructure in the regions 

analyzed in depth in this study. 

7.5.1 CALIFORNIA – NORTH 

The California – North region is contiguous with the PG&E service territory. This 

system includes two backbone pipelines: the Redwood Path (2,050 MMcf/d), 

which receives gas at the northern California border; and the Baja Path (1,060 

MMcf/d), which receives gas at the southern California border. Combined with 

the capabilities of storage fields that can provide gas to the system, the 

maximum load that can be met by PG&E’s intrastate system is approximately 

5,281 MMcf/d. 

Data sources: CPUC 2010, discussions with PG&E. 
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7.5.2 CALIFORNIA – SOUTH 

Southern California’s system receives gas in five distinct receipt zones, each 

associated with a specific firm receipt capacity. These include: 

 Northern Zone (1,590 MMcf/d) 

 Southern Zone (1,210 MMcf/d) 

 Wheeler Ridge Zone (765 MMcf/d) 

 Line 85 Zone (160 MMcf/d) 

 Coastal Zone (150 MMcf/d) 

The total receipt capacity is 3,875 MMcf/d. Storage facilities located on the 

SoCalGas system provide a firm withdrawal capacity of 3,195 MMcf/d. Due to 

interactions between withdrawals from storage and flows from the receipt 

zones, the SoCalGas system is limited to meeting demands as high as 6,000 

MMCf/d. 

Data sources: CPUC 2010, discussions with SoCalGas. 

7.5.3 DESERT SOUTHWEST 

The combined physical capabilities of interstate pipelines to meet loads in the 

Desert Southwest total 8,170 MMcf/d: 

 Transwestern pipeline (San Juan to California): 1,240 MMcf/d 

 El Paso Northern Mainline (San Juan to California): 2,350 MMcf/d 

 El Paso Southern Mainline (Permian to California): 2,500 MMcf/d 

 Questar Southern Trails (San Juan to California): 80 MMcf/d 
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 Kern River Pipeline: 2,000 MMcf/d 

Data sources: Transwestern 2013, UNS 2013, discussions with Kinder Morgan 

7.5.4 GREAT BASIN 

The Great Basin region comprises two interstate pipeline systems: Questar 

Pipelines and Kern River Pipeline. Questar Pipeline system has the capability to 

deliver approximately 1.4 Bcf/d to the primary market area in Utah; Kern River 

Pipeline, which passes through the region, has a design capability of 

approximately 2.2 Bcf/d.  

7.5.5 PACIFIC NORTHWEST – EAST 

The eastern half of the Pacific Northwest comprises three primary pipeline 

systems: Ruby, TransCanada GTN, and Williams (flowing northwest from 

Kemmerer). The assumed physical capability of each system is: 

 Ruby pipeline: 1,500 MMcf/d 

 TransCanada GTN: 2,797 MMcf/d 

 Williams Northwest Pipeline: 595 MMcf/d 

Additionally, the region has a small LNG peak shaving facility near the Stanfield 

junction of the GTN and Williams pipelines with the capability to meet 300 

MMcf/d under extreme conditions. The region’s combined total design capacity 

is thus 5,192 MMcf/d. 

Data sources: NWGA 2013 
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7.5.6 PACIFIC NORTHWEST – WEST 

The western half of the Pacific Northwest is served by the Spectra system and 

the Williams Northwest pipeline, which meet at the U.S.-Canadian border at 

Sumas, as well as by the Williams Northwest pipeline flowing west through the 

Columbia River Gorge. Flowing south into the region, the Spectra system has a 

design capacity of 1,700 MMcf/d; the Williams Northwest Pipeline has a design 

capacity in the Columbia River Gorge of 550 MMcf/d. Additionally, the region is 

served by a number of storage and LNG facilities. Jackson Prairie (1,160 

MMcf/d) and Mist (500 MMcf/d) provide the largest withdrawal rates; other 

LNG facilities in the region collectively contribute an additional 486 MMcf/d. 

The region’s total combined design capacity is thus approximately 4,400 

MMcf/d. 

Data sources: NWGA 2013 

7.6 Downstream Demands 

This study makes a number of simplifying assumptions on the nature of the 

downstream demands that must gas infrastructure in upstream regions must be 

capable of supplying. This section summarizes the development of these 

assumptions. Within the context of this analysis, the downstream demand is 

intended to represent the total volume of firm contracts held by the 

downstream region in order to ensure its own reliable supply of gas. In order to 

simplify the analysis, this study assumes that this amount of the capacity of gas 

infrastructure is reserved under all conditions  
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7.6.1 PACIFIC NORTHWEST – EAST 

The Redwood Path of the PG&E intrastate system receives gas from the 

TransCanada GTN and Ruby pipelines at the northern California border. Prior to 

Ruby’s construction, GTN was the sole source of natural gas to Malin, and its 

physical capacity at that point (approximately 2.2 Bcf/d) approximately matched 

the receipt capacity of PG&E’s Redwood Path. With Ruby’s construction in 2011, 

the capability of the interstate pipelines to deliver gas to the California border 

exceeds PG&E’s capacity to receive gas. This surplus is also currently reflected in 

the volume of firm contracts held on the two pipelines for delivery at Malin. This 

study’s long-run perspective assumes that in spite of this dynamic, the firm 

demand for gas at the Northern California border matches the capacity of 

PG&E’s Redwood Path; recent historical deliveries to the PG&E system (shown 

in Figure 57) suggests this is consistent with California’s current utilization of 

those interstate pipeline systems. 
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Figure 57. Daily receipts on PG&E Redwood Path from interstate pipelines in the 
Pacific Northwest – East. 

 

This assumption effectively implies that Ruby’s construction will, in the long run, 

make capacity available on GTN for the service of loads in the Pacific Northwest 

when necessary notwithstanding its original purpose of serving California’s 

needs. 

The Pacific Northwest – East region also provides supplies to the Pacific 

Northwest – West region via the Williams Northwest Pipeline, which flows 

through the Columbia River Gorge with a capacity of approximately 550 

MMcf/d. This analysis assumes that this volume is a second firm downstream 

demand. 

7.6.2 DESERT SOUTHWEST 

The four pipeline systems in the Desert Southwest—El Paso, Transwestern, 
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intrastate systems. The expected level of California’s firm demand on the 

southern systems is assessed based on historical review of the intrastate 

systems’ collective receipts from these interstate pipelines, illustrated for the 

2010-2012 period in Figure 58. While the total receipt capacity on the intrastate 

systems is over 4,500 MMcf/d, the two systems’ combined receipts from 

pipelines in the Desert Southwest rarely exceeds 3,500 MMcf/d. Because of the 

limited expected changes to gas demand in California going forward, this study 

assumes that this quantity of firm need in California, coupled with the capability 

of the state’s storage facilities and the capacity it receives through 

interconnects with GTN and Ruby, is sufficient to meet the collective needs of 

California. 

Figure 58. Daily receipts on California intrastate systems from pipelines in the 
Desert Southwest, 2010-2012. 
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based on the testimony submitted by SoCalGas in its infrastructure expansion 

planning. 

7.6.3 GREAT BASIN 

The Kern River Pipeline, which originates in the Rockies production basins, 

serves a primary purpose of delivering gas from those producing regions to 

southern Nevada and California. The total design capability of the pipeline is 2.2 

Bcf/d; of this total, this study assumes 2 Bcf/d of capacity is reserved for loads 

downstream (Nevada and California), while 0.2 Bcf/d is reserved for users in the 

Great Basin. This split was determined based on a review of contracts held by 

Questar Gas and PacifiCorp on the Kern River pipeline.  

7.7 Hydraulic Modeling 

7.7.1 MODEL DEVELOPMENT 

Platts data was used as the foundation for the piping layout of the model. Platts 

attribute data for diameter and length were brought into DNV GL’s modeling 

software. Platts segments were limited to a maximum length of 30 miles and 

the data was projected and draped over an appropriate high-level elevation 

model. 

DNV GL manually inserted the compressor stations shown in the Platts data into 

the model. Most often the Platts horsepower data was used as well as the Platts 

station location.  
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During the manual refinement effort DNV GL also added storage locations 

shown in the Platts data. In keeping with the stated focus of this capacity model 

the storage locations were tied directly to the major diameter transmission lines 

in their regions and not to the smaller diameter laterals and networks of the 

pipelines modeled. This process was done using larger diameter “pseudo-pipes” 

to link the storage field to the mainline. 

Each of the pipelines included in the study was developed as its own model. 

During this process DNV GL sought out additional information if there was some 

uncertainty about the Platts data. Additional data sources included FERC 

filings49, EPA filings (compressor sites), Shipper Meetings/Corporate 

Presentation, Industry Groups (e.g. Northwest Gas Association - NWGA), and 

State Commission information. Only publicly available non-confidential 

information was used in the effort. 

DNV GL assigned compressor station set pressures and pipeline operating 

pressures based upon these additional data sources. PHMSA information 

provided some additional reference points for operating pressures. In the Pacific 

Northwest a public-domain figure provided operating pressures for two of the 

pipelines in the region. The model’s set pressure and operating pressure 

information is a mix of high-confidence and low-confidence values based upon 

the availability of this information in the public domain. 

DNV GL assembled the individual pipeline models into an overall regional model 

spanning the PNW-W (US Side), PNW-E, CA-S, CA-N, and DSW regions of the 

study. 

                                                           
49 Publically available FERC filings were used. Not critical infrastructure filings. 
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The pipelines were connected at known interconnection locations using 

engineering judgment. DNV GL used its own judgment in these areas based on 

upon the overall focus of the effort – which was to create a global pipeline 

model that captured the overall mainline capacity of the system. It is 

understood that individual interconnects have their own details and metering 

limitations in their present configurations. This study assumes that this 

restriction will be removed and that pipelines will be allowed to flow 

unimpeded at these locations. 

No supply from Mexico was assumed except for a small supply in the Otay area 

to feed small power loads in the San Diego region near the border. 

7.7.2 MODELING LOADING CONDITIONS 

E3 provided information about power and non-power loads for use in the 

model. Non-power locations were listed by study region and also by state. DNV 

GL used this information to estimate the location of non-power loads – 

distributing loads along pipelines in regions and states.  

E3 provided specific longitude/latitude locations for most of the power loads in 

the study. Similar to how storage was modeled, DNV-GL used “pseudo-pipes” 

called “Plant Leaders” to connect power plant load locations to the major core 

large diameter pipelines in the study.  

In addition to the E3-provided power and non-power loads a load to Mexico was 

also added to the models using a “pseudo-pipe” tied to the western end of the 

El Paso southern system. The value of this load was 0.6 Bcf/d for all loading 

conditions. 
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DNV GL set up a process and a set of input files that allowed each loading 

condition to be quickly applied to the model. 

7.7.3 SIMULATION PROCESS 

DNV GL applied each loading condition to the model and then adjusted storage 

usage, compressor set pressures and interconnection conditions in order to 

supply the load while maintaining the following criteria: 

 Maximum compression ratios remain below 2.0 

 Mainline pressures remain above 475 psig 

 Maximum line pressures are not exceeded 

 Maximum storage withdrawal rates are not exceeded 

As expected, the simulation process resulted in modifications to the region-wide 

model. DNV GL started the modeling effort with the PNW-W loading condition 

and worked through to the last E3 loading condition (PNW-E). The region-wide 

model was modified during this process as different loading conditions pointed 

out needed changes. For instance, the final model includes three “pseudo 

reinforcement” pipes for localized situations where the load distribution on 

some laterals pointed out a need for reinforcement so that the overall 

simulation could proceed. These modifications are not considered to be 

locations of true capacity limitations. These “pseudo reinforcements” do point 

out the high-level system focus of the study. 

DNV GL also identified the need to assume that the Las Vega, NV region needed 

to be supplied from both the north and the south so that the northern pipeline 

could remain within its capacity limits for some of the peak conditions. DNV GL 
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assumed that 0.3 Bcf/d for the Las Vegas region as well as a few power plant 

loads would be served from the south. DNV GL used a 0.3 Bcf/d supply to offset 

this load – supporting the northern mainline before it entered into its un-looped 

segment. 

7.7.4 SUPPLY ASSUMPTIONS 

The project team assumed that capacity at the supply basins would be available 

to support the loading conditions of the study. The model draws supply from 

basin locations at assumed supply pressures with unlimited supply capacities. 

These supply locations supply compressor stations that then send the supply 

into the pipeline network – transitioning to a focus on pipeline size and 

compressor station capacity once the gas has left the basin. 

7.8 Glossary 

Backup fuel: A natural gas power plant that has the capability to switch from 

generating with natural gas to an alternative fuel (e.g. oil)  

Balancing authority: An entity responsible for the operation of an electric power 

region to “balance” the supply and demand for electricity to meet NERC reliability 

standards  

Capacity release: A mechanism by which firm shippers voluntarily release all or 

part of their capacity to replacement shippers. This is done through a secondary 
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market where the capacity is offered at any price up to pipeline’s maximum 

recourse rate. 

Combined Cycle Gas Turbine: a highly efficient natural gas generating plant 

Combined Heat and Power (or cogeneration): A natural gas facility that can 

simultaneously generate electricity and useful heat 

Combustion Turbine: a natural gas generating plant with relatively low capital 

costs used sparingly to meet peak power demands 

Core: A designation for a set of customers in California that receive natural gas 

delivery service comparable to “firm service” from LDCs in other states 

Design day: a design criterion used by LDCs that represents the coldest day over 

some historical period (often several decades) used to determine the highest 

expected demand for natural gas among end uses during extreme cold weather 

Electronic bulletin boards: A computerized interface through which pipelines 

display and impart information to shippers 

Eastern interconnection: The electrically connected eastern half of the United 

States 

End use: gas consumption associated with the direct consumption of natural gas 

(e.g. residential, commercial, and industrial)—in contrast to gas consumption for 

power generation 
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Firm transportation: Natural gas transportation service that is intended to be 

available at all times. Under a firm transportation service agreement, a shipper 

agrees to pay a pipeline rates based on its full cost of service and in return is 

entitled to the use of that capacity at its discretion to transport a specified daily 

volume of gas between a receipt point and a delivery point. 

Force majeure: an extreme event whose impacts on parties are beyond their 

control (e.g. infrastructure contingency); such events release pipelines from their 

obligation to meet the demands of their firm shippers.  

Independent System Operator: an entity responsible for coordinating, 

controlling, and monitoring an electrical power system. ISOs often encompass 

multiple utilities and operate to minimize costs and maximize reliability. 

Interruptible transportation: Natural gas transportation service offered by 

pipelines to shippers provided there is excess or unreserved capacity. 

Interruptible service is generally offered at a discount to firm service given its 

unreliable nature. The rate for interruptible service will vary between the full cost 

of service and the variable cost of transporting the gas. 

Lateral: A segment of pipeline that diverts from a main transportation line to 

serve a particular customer or entity 

Liquefied natural gas: Natural gas that has been compressed and cooled into a 

liquid for the purposes of either storage or transportation 
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Local Distribution Company: an entity that is responsible for the direct 

distribution of natural gas to residential homes and small commercial 

customers. LDCs are often regulated monopolies that have an “obligation to 

serve” customers through a level of firm reliability. 

Load carrying capability: A term used to describe the maximum load that could 

be served on a winter peak day by regional gas infrastructure 

Loss of load probability: the probability in a given time period that electric 

demand will exceed available supply 

Load factor: The actual use of a pipeline over a period of time relative to its 

maximum availability 

LNG peak-shaving facilities: A facility that is capable of converting liquefied 

natural gas (LNG) to natural gas to help meet demand requirement during periods 

of peak consumption 

Mainline: A large segment of pipeline responsible for the transportation and 

throughput of large volumes of natural gas across long distances 

Malin: A highly liquid natural gas trading hub located on the California-Oregon 

border at the junction of the PG&E intrastate system and the TransCanada GTN 

and Ruby interstate pipelines. 

Marketer: A middleman in the gas transportation business that provides liquidity 

to the market by both purchasing from producers and selling to end-users 
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Maximum allowable operating pressure: The maximum pressure under which a 

pipeline can operate while preserving the integrity and safety of the pipeline 

Merchant generator: An electric generator operated by an independent power 

producer that supplies power subject to prevailing economic conditions in the 

electric industry 

Megawatt-day: a measure of electrical output equal to one megawatt 

producing energy across a twenty-four hour period 

Non-core: A designation for a set of customers in California that receive lower 

level priority service than core customers 

Production simulation: A class of models that take a given electric infrastructure 

(real or hypothetical) and set of electric loads and dispatch the infrastructure to 

meet the loads in a least-cost manner given all relevant constraints 

Secondary market: A market through which firm shippers can release excess 

capacity to replacement shippers 

Shipper: Any entity that transports natural gas on a pipeline: LDCs, industrial 

customers, marketers, etc. 

Spot market: A financial market where energy or other commodities are traded 

for immediate delivery 
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Sumas: A highly liquid natural gas trading hub located near Vancouver on the 

Canada-Washington border 

Transmission Expansion Planning Policy Committee: a group responsible for the 

long term analysis of transmission projects necessary for grid reliability in the 

WECC 

Western Electricity Coordinating Council: One of eight NERC regions that is 

responsible for the establishment, monitoring, and enforcement of electric 

reliability standards. The WECC encompasses 11 western states and parts of 

Canada and Mexico 
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