Pipeline and Stotage

Infrastructure Requirements
for a 30 Tcf U.S. Gas Market

F-9901

Prepared for the INGAA Foundation, Inc., by:
Energy and Environmental Analysis, Inc.
1655 North Fort Myer Drive

Suite 600 - S

Arlington, VA 22209

Copyright © 1999 by The INGAA Foundation



IR - NNV S N T

Junaak

2-1
2-2

3-2

33
34

4-1

4-3
4-4
4-5
4-6
4-7
4-8

5-1

5-2

B

Table Of _Cohtents

Page
EXECULIVE SUNMINATY ..vvvocveeevarsssssensersarsssessesssssessseasesrscsenceseoses N
‘ Introduction....................................‘...........‘_...‘ ....................... essrarassases 3
Methodology For Study .......ccceeveuens eeereneseseeeesen dreteeeeeeenene e sies 7
Demand Scenarios............ e e e ssesren ereeeereeresrastenerenes 11
Supply Assumptions ..........c..ce.... s et rteteeee e st et sat et es e 15
Transmission And Storage Infrastructure ............ooviivnesiinineninnes 21
The Market ENVIronment .......c.cccoceveciineisiiennnmmninsinsinsieeseessssssnnns 29
Infrastmcture Results For The Four Cases .........cocieevencucrenennee ..... 33
Conclusions And Challenges .......c.......... ....... unsiosssaareresssmesherten 37
- APPENDIX | |
Gas Supplies From The Canadian Atlantic ........coeeevcnceiencncecnnencs 41
List Of Exhibits  Page
Projected U.S. Gas Demand By Sector ............. frerseentete s rtetaanes 3
The 30 Tcf Challenge In Historical PErspective ..........c...ireereenee 4
Construction Of Cases.......ccccoevniininisiinsninriniseseesnmennens S 7
Structure Of Gas Market Data And Forecasting System .............. 8
Key To STM Node Designations .........ccccoouveeirerserenssenicncsivsionns 9
Pipeline Cost Of Service Calculation ................ terereeeesenseatensenenes 10
U.S. RACC Price Assumptions .......c.c.ccceereee e s 11
Demand Scenario COMPATISON ............rersereresssssissssnnsssssessessane 12
U.S. Gas Demand By S€CtOr ........cccovviinininmnirnenimensssnicnisssnns 13
U.S. Gas Demand By Region .........ccecuevuinen vt 13
Canadian Demand By SECIOT curerecrererrreeer e rserereesateses s ssseseenns 13
Mexicén Demand By Sector ceerees et a et R s Rt 13
North American Gas Demand .........coccoovvvureeenenns .................. _— 14
Load Duration Curves .........cccceueueee eetee e saessaeees 14
U.S. Gas Production And RESEIVES ......cevveeviirmirerrrernenienseenorennaas 15 .
Lower-48 Gas Resource Comparisbns O OTERROo 15
Average U.S. Natural Gas Resource Costs ...... ........ 16
i



List OF ExXHIBITS — CONTINUED

5-4 Projected U.S. Gas Price And Demand ............oooooeevreeerererrenne.
5-5 Gas Production By Region .............ccccovuvueueeeeemnne.
5-6 Henry' Hub SPOL PHICES ..ottt et sees
6-1 Gas Utility Pipeline And Main ...........oveererorerereeeseeesrroeoooonan
6-2 Capacity Of Major Gas Pipeline Corridors ...........ocoveieeerereunnn..
- 6-3 Gas Pipeline COStS ......ccoveerririrurerrennnen. e beeveees
6-4 Breakdown Of Pipeline Construction Costs
6-5 Typical U.S. Gas Pipeline COStS ........ccovreeerrrerreceeeericcnnne. resdeenene
6-6 Total U.S. Storage Field Capacity, 1965-1996 .........ooveoreveerrer....

6-7 Underground Natural Gas Storage Capacity By Region .............. -

6-8 Natural Gas Storage By Type Of Capacity ................ rerrerenaeeerieeens

6-9 Average Cost Of Recently Completed And
Proposed U.S. Storage Projects ..........oovuvviveeeeeeeeeeeeieesssresiaesnenn,

7-1 Impact Of Gas Price On Gas Consumption By Electric Utilities. ...
7-2 Busbar Cost Example................. e esaessaesaeen eeeeereeres
7-3- Iustration Of Supply Alternatives .............. rrertest et reseans
8-1 U.S. Gas Transmission EXpenditures .............coceevuveeeeerreseernnnnn.
8-2 Total U.S. Gas Pipeline Investment By Region, 1998-2010 .........
: 8-3 Total U.S. Gas Pipeline Investment By Type, 1998-2010 ............

8-4 Miles Of New Gas PIPELINE .........covevereeeuniieceieeioneeeresseeesesesenns ‘

85 U.S. Storage EXpenditures.............c.ccuceeeeerceneronnionsinnnsnsiessennsensenns .
— APPENDIX —
A-1 Regional Map Of Atlantic Canada .......ccceeeeeermnsssssnnnnne. rereerreeaes

. A-2 Summary Of Oil And Gas Discoveries
- In Offshore Atlantic Canada..........cecvveceveeeireeeeeeeeereeeean, verenean

A-3 Proposed Route Of Maritimes And Northeast Pipeline .................

A-4 Estimates Of Discovered And Undiscovered Oil And Gas
Of Nova SCOtia OffSHOTE «.....vevveeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeoen

A-5 Estimates Of Discovered And Undiscovered Oil And Gas
Of Offshore Newfoundland And The Labrador Shelf....................

ii



1. Executive Sumniary

Several leading energy market forecasts predict a sig-
nificant increase in annual U.S. natural gas demand,

. from 22.4 trillion cubic feet (Tcf) in 1997 to 30 Tcf '

by 2010 or shortly thereafter. While they may differ

on the timing and the composition of the demand

growth, the studies agree there must be considerable
market growth in power generation and industrial
sectors—both of which are price-sensitive. The fun-
damental challenge facing the natural gas industry is
to serve these markets at competitive prices.

" Natural gas studies traditionally focus on the two

ends of the natural gas market—the production of
gas at the wellhead and gas penetration in end-use

~ markets. This study builds on the 30 Tcf market fore-
_casts by creating realistic scenarios to estimate the

incremental gas pipeline and. storage infrastructure
needed to support that market and assesses the gas

industry’s challenges in providing that infrastructure.

This study finds that a 30 Tcf market is economically

possible, although all segments of the natural gas
industry will face challenges in growing the market to
that level. The study offers the following conclusions:

— MARKET GROWTH —
Growth in the power generation and industrial sec-

- tors will underpin the 30 Tcf market in the United

States. Substantial growth will occur in all regions,
with the highest percentage growth expected in the
South Atlantic and in the Northeast.

.~ — TRANSMISSION EXPENDITURES —
Total U.S. gas transmission expenditures from 1998
to 2010 are estimated to be between $30 and $32 bil-
lion, with a projected annual average of $2.3 billion
to $2.5 billion—somewhat higher than the actual
average annual capital expenditures over the last 15
years. Half of the new expenditures will go toWard

new interregional transmission capacity, 9 percent
for new production area links, 15 percent for new
demand area connections and 26 percent to replace

existing pipeline and compressor facilities.

— STORAGE CAPACITY EXPENDITURES —
Total U.S. gas storage expenditures during that same
time are projected to total $2.2 billion to $2.4 billion
through 2010, or $180 million to $190 million per
year. This is in line with the actual average expendi-
tures of $200 million per year over the last 15 years.
Most of the additional storage capacity is needed in-
the U.S. Northeast. ' '

— INTERNATIONAL INTEGRATION — :
The North American gas market will be between 36.2

" and 36.4 Tcf in 2010, with 18 percent of this gas

crossing international borders before reaching con-
sumers. This makes the integration of business strate-
gies, infrastructure and operations among Canadian,
Mexican and U.S. companies increasingly important. -

The study also outlines the following challenges
to the natural gas industry:

— PIPELINE/ STORAGE — A
The pipeline and storage industries must be able to
earn adequate returns to attract capital, achieve a bal-
anced environmental permitting process and foster
international infrastructure integration. v

. — PRODUCING SECTOR —
The gas supply sector must grow U.S. production
from 19.7 Tcf in 1997 to more than 26.2 Tcf in 2010,
an increase of 2.2 to 2.3 percent per year. This will

require an increase in annual gas well completions

from 11,600 in 1996 to 18,000 in 2010, leading to an
increase in annual nominal-dollar inves;ment in non-



associated gas drilling from $12.8 billion in 1996 to
$26 billion by 2010. To meet these challenges, the
supply sector must be able to realize investment
returns that will support adequate production, gain
access to public land for oil and gas supply develop-
ment, achieve rational royalty policies and advance
exploration and production technologies.

— DEMAND GROWTH —
End-use markets must have gas supplies at favorable

mote fuel-neutral air quality policies and foster a
pro-competitive regulatory process.

Failure to meet these challenges will delay or cancel

.the needed pipeline and storage construction and

drilling activity, constrain gas supplies, raise prices and
slow the growth of the natural gas market. Prospective
gas users could turn to other fuels. And because gas-
burning equipment typically lasts for several decades,

prices, provide improved end-use technologies, pro-

potential sales could be lost for years to come.

How The Study Was Done

Analysis

- This study presents four cases

that were created by matching :

two demand scenarios against
two supply scenarios. In one de-
mand scenario, the primary driver
is high economic growth while in
the second demand scenario early
retirement of nuclear power plants
and environmental restrictions on
coal use accelerate the increase in
gas use for the generation of elec-
tric power. The two supply sce-

e ke

 narios differ in terms of the re-
gional mix of incremental gas
supplies: The first assumes sub-
 stantial growth in Gulf Coast area

Uncertainties inherent in all production; the second relies on |

energy market forecasts dictate : Rocky Mountain sources
the use of scenarios to describe :
how a 30 Tef U.S. gas market :

" might evolve as early as 2010.

Methodology

justified by the market conditions

described by the four cases.

Market Structure

i The assumption was that market
forces increasingly would substi-
tute for regulation in determining
: the construction of new facilities.
i The four cases were analyzed
using Energy and Environmental
: Analysis Inc’s Gas Market Data
and Forecasting System (STM),
a forecasting model that solves
! for monthly gas production, stor-
age activity, pipeline flows, end-
| use consumption and prices at
locations in the U.S., Canada and
. at the Mexico / U.S. border. The
model helped determine the new
 pipeline and storage infrastruc- |
 ture that would be economically

Therefore, new gas pipeline was

projected to be added when an-

nual average regional basis dif-
ferentials equaled or exceeded

the cost of capacity expansions
on any given pipeline corridor.

Likewise, seasonal storage ca-
pacity was expanded in a region
only when the weighted average
price differential in injection vs.
withdrawal periods met or ex-
ceeded the cost of new storage
capacity. '



2. Introduction

Expectations For Market Growth

A number of energy market forecasts point toward
a 34 percent increase in annual natural gas con-
sumption in the United States from 22.4 Tcf in 1997
to 30 Tcf by 2010 or shortly thereafter. Exhibit 2-1
shows recent projections of natural gas consump-
tion in the United States for the years 2010 and
2015 along with actual consumption in the year
1997. The projection from the 1999 Edition of the
Gas Research Institute (GRI) Baseline shows total
U.S. consumption at 28.2 Tcf in 2010 and 31.3 Tcf
in 2015. The 1999 Annual Energy Outlook (AEO)
from the Department of Energy’s Energy Informa-
tion Administration (EIA) presented several projec-
tions of U.S. energy demand. The AEO base or
“reference” case and two sensitivities based on
lower and higher economic growth are shown in
Exhibit 2-1. The range from the AEO for 2010 is
26.3 Tcf to 29.65 Tef and for the year 2015 is 28.4

Tcf to 33.0 Tcf. Also shown in Exhibit 2-1 are a few
other natural gas market projections. The American
Gas Association (AGA) projects a total gas market

~of 31 Tef in 2015, while forecasting firms WEFA

and DRI anticipate markets of 30.1 and 28.5 Tcf
respectively. :

In all of the forecasts, the power generation sector
shows the largest absolute growth and the largest per-
cent annual growth. On average, power generation is
expected to make up about 4.5 Tcf or 60 percent of
the 7.6 Tcf growth needed to reach a 30 Tcf U.S. gas
market. Gas is expected to be the fuel of choice for
most new power generation capacity because of the
cleanliness, high efficiency and low initial cost of
new combined cycle gas turbines. Investors building.
new powerplants in restructured electricity markets
will choose gas-fired units not only because they are -
expected to be the lowest cost way to generate elec-
tricity, but because they reduce risks in that they can

Exhibit2-1 Projected U.S. Gas Demand By Sector

_ BCF/YEAR - i
g7 o agee
Actual* "~ " GRI99 Reference  ‘LowGrowth High'Growth - AGA WEFA DRI
Residential 5187 5464 5360 5160 5570 6,087 — —
Projected Commercial 3,148 3,685 3,730 3,650 3,810 3,786 - -
2010 Industrial 9,115 10664 9460 9010 9900 10,350 — —
Power Gen 2954 5697 6690 5880 7,470 5990 — —
Other © 1993 2698 2770 2640 2900 2728 @ — —
- Total .. ‘22,397 28209 28,010 26340 29,650 28942 < — = —
Residential — 5659 5610 5310 5900 6230 5700 - 5,790
Projected  Commercial — 3910 380 3730 3970 4010 3510 3550
2015 industrial — 11,320 9,870 9200 10,550 10,840 9,920 8,990
Power Gen — 7186 8420 7,330 9340 6770 8520 7,550
Other — 3201 3,050 2850 3230 3,140 2470 2,640
Total - 31,276 © 30,810 28,420 32,990 30,990 30,120 28,520

*'1997 consumption represents *real time consumpfion" adjusted to accouﬁt for billing hgs, and ditfers from the EiA cohsumption éstimate of 2207,



be built quickly and in small sizes allowing for faster
- reaction to changes in the market.

The industrial sector contributes the next largest por-
tion of the gas demand increase expected by fore-
~casters. On average, the industrial sector is expected

to add about 1.0 Tcf of the 7.6 Tcf growth required
~ for a 30 Tef market. The next largest increases in
end-use markets are expected to come from the com-
mercial and residential sectors, each of which is
- anticipated to grow about 0.6 Tcf. The remaining
portion of growth to a 30 Tcf market (0.9 Tcf) is
made up of lease and plant gas use and pipeline fuel.

Historical Perspective On
U.S. Gas Markets

Although a 7.6 Tcf increase in annual gas consump-
tion to reach a 30 Tcf annual market is large, it is not
unprecedented. Exhibit 2-2 shows the historical U.S.
gas consumption and the trajectory needed to reach
30 Tcf by the year 2010. Between 1960 and 1973,

U.S. gas consumption grew from 12.0 Tcf per yearto

22.1 Tcf per year, a gain of 10.1 Tcf. This was a
growth rate of 4.8 percent per year and an absolute
average growth of 0.8 Tcf each year. In contrast, a

trajectory from 1997 consumption of 22.4 Tcf to 30

Exhlbu 2-2 The 30Tef Challenge In Hlstnm:al Perspectwe e o

Annual U.S. Gas Consumptlon ch
SQr_
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Tef in 2010 is a growth rate of 2.4 percent per year
and an absolute growth of 0.6 Tcf each year.

The regﬁlatory and market environments in which
the future 30 Tcf market will emerge will be quite

different from those in the earlier years of the gas - -

industry and may pose some unprecedented chal-

lenges. In the 1950s and 1960s U.S. gas markets

were highly regulated and market risks to investors
in new pipeline and storage facilities were minimal.
Pipelines typically had long-term contracts with both

gas producers and local distribution companies, who

purchased transportation (and often storage) services
along with the gas. Regulations established wellhead
prices for interstate commerce as well as the rates
charged for pipeline and storage services. With rare
exceptions, end users had to purchase gas from local
distribution companies or directly from pipelines at
regulated rates that were largely unresponsive to
changes in supply and demand.

Over the last 20 years or so, the natural gas business -

has evolved in a manner in which regulations have
played a decreasing role and market forces have
increased in influence, adding risk to market partici-

'pants. This process began with wellhead prices,
‘moved to transportation and storage services, and is

gaining ground among ser-

bution companies. Often, large
industrial customers were the
first to benefit vfrdm these
changes, followed by smaller
volume customers. The results
of these changes generally
have been very favorable to
the gas industry, as the market
stagnation caused by wellhead
price control and other restric-
tive regulations has given way

to steady market growth. To- -

. day, there are more customers

1955 1960 1965 1970 1975 . 1980 1985 1990 - 1995

-72000 - 2005 2010

any time in U.S. history.

vices provided by local distri- -

using more natural gas than at
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Challenges Of
The 30 Tcf Target By 2010

Several important concerns related to a 30 Tcf future
exist among the gas industry and its customers.
These concerns involve a variety of regulatory, mar-
ket and technical uncertainties and can be summa-
rized into the following broad questions:

How Much Infrastructure Will Be Needed

¥ And What Will It Cost?

* The pipeline and storage infrastructure construction

for the expected 7.6 Tcf increase in gas consumption
is expected to be substantial. Will it prove to be com-
parable to the efforts made in the 1950s and 1960s

and to the more recent infrastructure construction

undertaken by the U.S. gas industry to supply the
growing market since the mid-1980s? Do adequate
capabilities exist within pipeline contractors and
equipment manufacturers to support the construction
of the needed infrastructure? -

Will The Risks Of New Infrastructure
Construction Be Properly Shared?

Z
The downside of the growing influence of market
forces in the gas industry has been added risk to mar-
ket participants. Companies building new pipelines
will not have 20 years worth of gas supplies lined up
before the pipe is built, will not have sale or trans-
portation contracts covering most of the pipeline’s
depreciable life and will have no assurance that they
will recover costs through regulated rates. Instead, the
market forces of supply and demand at either end of
the pipe and competitive circumstances on other
pipelines serving the same markets largely will deter-
mine how much gas will flow and at what rate. Will
the needed infrastructure investments be made within
this uncertain market and regulatory environment?

What Will New Gas Customers
Be Willing To Pay?

The largest growth in natural gas markets will be for
power generation, which itself is going through a

major restructuring. New power generators will com-.

pete fiercely against each other, will be very sensitive
to fuel price, and may be reluctant to enter into long-
term wellhead and transportation service contracts.
Can gas be supplied to the power generatiori and
other sectors at prices that will allow those markets
to grow as forecast?

Will Wellhead Gas Supplies

4 Be Forthcoming At Reasonable Prices?

In the mid-1950s when the U.S. gas market was in its
rapid-growth phase, U.S. gas reserves were more than
250 Tcf and the reserve-to-production ratio was about
28 to 1. At the end of 1997 U.S. gas reserves were
about 167 Tcf and the R/P ratio was less than 9 to 1.
Can U.S. gas reserves and production keep pace with
growing gas demand?

5 Who Will Champion Natural Gas?

With the restructuring of the natural gas and electric
sectors and the “convergence” of the two energy
sources — particularly for the purposes of energy
marketing — much of the traditional gas-directed
R&D, commercialization and marketing activity has
been reduced. Will gas markets be able to grow to
their full extent without such strong pushes from the
gas industry itself?

Objectives Of This Study

Studies of natural gas markets usually focus on the
production of gas at the wellhead and gas competi-
tiveness in end-use markets. Less attention is paid to
the market for transportation and storage services nec-
essary to deliver gas economically to the marketplace.
The purpose of this study is to fill that gap by estimat-
ing those infrastructure requirements. This study will
review recent findings regarding supply availability
and market potential, but will not independently
research those subjects. In summary, this study will:

& Create realistic scenarios for a 30 Tcf
U.S. market by 2010;

& Estimate the incremental gas pipeline and



storage infrastructure needed to support
 that market; and

& Assess the challenges that the gas industry faces
in providing that infrastructure and the other
items. needed for continued market growth.

Outline Of Report

The next part of this report (Section 3) presents high-
lights of the modeling methodology used in this study.
Sections 4 and 5 present key demand and supply

assumptions. Section 6 discusses the current gas
transmission and storage infrastructure in the United
States and expected costs for expansions. Section 7
describes the expected future market environment and
Section 8 presents the key modeling results of the four
cases. Conclusions from the study and challenges
faced by the gas industry are discussed in Section 9.

Because of the great interest in incremental gas sup-
plies for a 30 Tcf market, Appendix A presents
details on the current status and future prospects for
Canadian Atlantic gas supplies.
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* these uncertainties, this study pre-

3. Methodology For Study

Scenario Approach

The two most important elements

.of uncertainty are where the need-

ed gas will come from and the
location and type of gas demand

Exhibit3-1  Construction Of Cases

Demand Scenarios

for the 30 Tcf target. To deal with

sents two supply and two demand
cases and discusses the resulting
four possible scenarios created by

Case #1

Case #3 Case #4

combining those cases.

Each of these supply/demand bal-

ances has different transportation flow patterns and
seasonal gas requirements. As shown in Exhibit 3-1,
one supply case assumes that a significant portion of
additional gas supplies will come from the Gulf
Coast area of the U.S., while the second case will
rely more heavily on incremental supplies from the
U.S. Rockies. One demand case assumes rapid eco-
nomic growth in the U.S. with increasing gas de-
mand coming from all sectors and the second de-
mand case assumes lower economic growth and
faster retirements of nuclear powerplants, thus con-
centrating more of the growth in gas demand in
power generation.

Modeling Approach

EEA used its Gas Market Data and Forecasting
System (STM) to investigate the four scenarios. This
model simulates monthly gas markets within the
United States and Canada. The STM represents gas
supplies, storage activity, demands and prices in
approximately 69 areas or nodes and gas transmission
capacity, flows and value of transmission services
along roughly 142 pipeline corridors. A map of the
nodes and corridors is shown as Exhibit 3-2. The leg-
end for this map is shown in Exhibit 3-3.

The model portrays monthly gas throughput and
pipeline load factors in the post Order 636 gas mar-
ket. Importantly, the model reflects the market value
and market price for monthly transportation services
that determine gas prices and gas basis differentials
in today’s gas market. The nature of the pipéline net-
work in the model allows mode! users to evaluate the
impact of new pipeline and storage facilities on the
flow of gas throughout North America.

Procedure For Estimating
Infrastructure Requirements

An important output from the four STM cases is the
amount of new pipeline capacity needed on each cor-
ridor and the amount of new storage capacity needed
at each storage node. EEA has developed cost esti-
mates for future expansions on each of the 142 gas
pipeline corridors included in the model. These in-
clude average pipeline and compressor requirements
for every increment of additional capacity added in
each construction case. These “generic” cost factors
are described in Section 6 of this report. EEA pro-
jected transmission pipe and compressor require-
ments for each of the four scenarios by multiplying
the needed capacity of each corridor times these fac-
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tors. Similar factors were developed for gas storage
and were used to estimate pipe and compressor
requirements for incremental storage capacity.

The STM was run iteratively to determine what new
- pipeline and storage infrastructure would be eco-
nomically justified by the market conditions
described by the four cases. The operating premise
was that market forces increasingly would substitute
for regulation in determining the construction of new
facilities. Therefore, new gas pipeline was projected
to be added when annual average regional basis dif-
ferentials equaled or exceeded the cost of ‘capacity

expansions on any given pipeline corridor. Likewise,

seasonal storage capacity was expanded in a region
only when the weighted average price differential in

,:Canaoa
- Offshore. ..

injection versus withdrawal periods met or exceeded
the cost of new storage capacity.

For the purpose of modeling decisions to build new
pipeline it was assumed that investors would need to
see the regional basis differential exceed the cost of
that new pipeline capacity as measured by the pipe-
line’s 10-year levelized cost of service. The financial
assumptions underlying the decisions to build new
pipeline capacity are shown in Exhibit 3-4. The ex-
ample is for a $1.0 billion pipeline that is expected to
transport 300 bcf of gas each year. Given the assump-
tions contained on the upper half of the exhibit —
most notably a return on equity of 13 percent, a cost

of debt of 7.5 percent and a 50/50 debt to equity ratio -

— the first annual revenue requirement under tradi-




tional cost-of-service rate making would be $199 mil-
lion or $0.66 per Mcf of gas. The cost levelized over

~ the first 10 years would be $178 million ($0.59 per

Mcf). Stated another way, the capital recovery factor
used in the basis comparison (including 2.5 percent
non-fuel operating and maintenance costs) was 0.178.
The cost of fuel use for any pipeline expansion was
the fuel loss factor (based on distance) times the gas
price forecast by the model.

The economic decisions to build new seasonal storage

capacity were made on a similar basis. The capital

cost of new storage capacity was translated into a dol-
lar per Mcf cost-of-service rate. This was then added
to fuel losses and holding costs of the gas in storage to
arrive at a total cost for seasonal storage from new
capacity. When the weighted average cost of gas dur-
ing the withdrawal season minus the weighted average

cost during the injection season exceeded the cost of
new storage capacity, new capacity was added.

This modeling procedure made new pipeline capaci-
ty compete against new seasonal storage capacity.
The model tended to build new pipeline capacity to
supply incremental gas demand with a high annual
load factor. The model added new storage to supply
only that portion of incremental demand with high
winter peaks and low annual load factors.

Exhibit 3-3 Key To STM Node Designations

NODE NAME SUPPLY DEMAND STORAGE NOBE NAME SUPPLY DEMAND STORAGE NODE NAME SUPPLY DEMAND STORAGE
Nt New England mg E#F\{Ir N26 NPCIPGT Hub N53 North Alabama  N.AL N.AL
W B T TG RRR N27 North Nevada  N.NV N.NV N54 Alabama Norphiet and
i P::fsm / N28 Paciic Ofishore  Paciic Ofishors Ofishore Viosca Kol
ip ”rgm N5 Gt S Foomange. GO o N55 ;mn;sumppl . MS, S.AL MS,S.AL  MS
Comual DJ Basin Nabam
N4 New York/ E.NY,NJ N56 East Grand Il
New Jorsey N30 Opal/ N.Forerange; ~ WY,UT,ID ~ WY, UT L 8
: KemRiver  Overthrust Belt Louisiana South Pass,
N5  Niagara Impts./ Offshore Desoto Canyon,
West'n New York NY W.NY NY N3t Central ?, NME ;?NNE, (Peninsula) & MS Canyon
- , MN .
N6  Pennsyivania/ D. N57 Louisiana Louisiana SE.LA SE.LA
Delaware PA PA, DE PA N32 SanJjuan Basin  San Juan Basin Peninsula Peninsula area
N7 CovePointiNG LNG N33 EPNG/TW W.NM W.NM N58 Eastem Hub
N8 South Atlantic NC. SC, GA N34 Atantic Offshors Atlantic Offshore N59 East Wast Detta, Ewing
N9 Eibaisland LNG LNG N35 Arizona, AZ S.NV AZ S.NV Louisiana Bank, Timbalier,
N10 Florida o L South Nevada Offshors & Green Canyon
- N60 Central S.LAOnshore,  S.LA S.LA
NIt Appalachia | OHWY OHWV OHwWy | N Subem  S.CA SCA- SCA Losiana Hub  Lake Charies ~  (acept  (skoept
N12 Midwest IN, IL NALWE NI P, i (Henry Hub)  LNG SE.LA)  SE.LA)
B ion ion
N13 Emerson b 2 9 | net N.LA, AR N.LA, AR N.LA AR
imports N38 PGE N.CA N.CA N.CA Louisiana Hub
N4 &messee, ™, KY TN, KY N, KY N39 Michigan M M Ml NB2 Central Ship Shoal,
tucky Louisiana Eugene ls.. S.
. N4 Quebes Quebec  ~_Quebec Offshore Marsh, Vermaiion,
N15 Southwest Permian SW.TX,  SW.TX - . -
Taxas Basin E.NM ENM N41 Briish Brish British Garden Banks,
Jumbia(N) Columbia Coiumbia & E. Cameron
Ni6 Mid Afantic VA, MD VA, MD,OC MD PR e N W
- . Cameron
N17 Mid Continent g:ghnl\nada*o OKKS  OKKS Columbia(S) Columbia &EastTexas & HIOS area
N43 Boundary Lake
Ni8 Monchy Imports . N64 NortheastTX  NE.TX NETX  NETX
N13 Greal Plains - Great Plains Na4 Garoine Alberta Abefta........ e (Carthage Arez) {Dallas)
Coal Gesiication N5 Emp ‘ Ne5 EastTexas  E.TX ETX E.TX
N20 Montana/ Williston MT,ND MT N46 Saskatchewan Saskatch, Saskatch.  Saskatch. (Katy Hub & (Houston)  (except
North Dakota ~ Basin e Veniobn - e Houston Ship NE. Texas)
N21 Missour Mo wo T Mo ; Channel)
Nos Vild Horee N48 Eastem E.Canada Atlantic Quebec N66 South Texas 8.TX S.TX S TX
Imports - . - : N67 Houston/Gal-  Galveston
N23 K " N49  Ontario Ontario Ontario  Ontario veston Offshore  Offshore .
Imports NSO Reynosa, N3 SouthTexas  S.TX Offshore
N4 Huntingdon P Ofishore
Imports N51_duarez Exports NG9 Northwest  So.Anadako  NW.TX  NW.TX
N25 Pacific Northwest OR OR, WA OR N52 Naco Exports Texas Basin




Exhibit 3-4 Pipelirle Cost Of Service Calculaiion
S ( For Illustranve Purposes Only)

1998$
ASSUMPTIONS' S Federal And State Income Tax Rate .. ... =. 37.0%

i Total Capital Costs (mmnons) R ~Annual O&M, Insur;; Property Tax (mllhons) = $28
. "Ratio Of Equity To Total Capltal Siim Annual Throughput (bcf) .............. =" 300

i "T'Nommal Réturh-Oni Sl
BT Nommal Cost:Of Debt CALCULATED' : B S
: 'Useful Llfe For Rate Maklng Average BT Nommal Retum -'-,'-\14'."07% o
& : Average B: T Real Return +41:20%

- : . - Cu i st Oper& Total - S Redl
~Year Of . ‘a‘Annual. 'Net Deferred ‘Rate " --On.i ' On- Equity -~ Maint. ‘Revenue: - Revenue Inﬂation “‘Reventie
“Operation *  Deprec. ,Plam': Taxes " Base’ i Debt vKui,ty Return . Costs.- Requir” . Requir-Index: . Requir:

%) 3 &3} %) %) C® (3) @ - 3 ($MCF) {$MMCF)
1 33 1,000 0 1,000 38 65 38 25 199 0.66 1.00 0.66
2 33 967 6 961 36 62 37 26 194 0.65 1.03 0.63
3 33 933 29 904 34 59 35 26 187 0.62 . 1.05 0.59
4 33 900 48 852 32 55 33 44 180 0.60 1.08 0.56
5 33 867 64 802 30 &2 31 - 28 174 0.58 1.10 0.52
6 33 833 78 756 28 49 29 28 168 0.56 1.13 0.49
7 33 800 88 712 27 46 27 29 162 0.54 1.16 0.47
8 33 767 98 669 25 43 26 30 157 0.52 1.19 0.44
9 33 733 107 626 23 41 24 30 152 0.51 1.22 0.42
10 33 700 117 583 22 38 22 31 147 0.49 1.25 0.39
11 33" 667 126 540 20 35 21 32 141 0.47 1.28 0.37
12 33 633 136 497 19 32 19 33 136 0.45 1.31 0.35
13 33 600 - 146 454 17 30 17 34 131 0.44 1.34 0.32
14 33 567 155 412 15 27 16 34 126 0.42 1.38 0.30
15 33 - 533 165 369 14 24 14 35 121 0.40 1.41 0.28
16 33 500 174 326 12 21 12 . 36 115 0.38 1.45 0.27
17 33 467 173 294 11 19 11 37 112 0.37 1.48 0.25
18 33 433 160 273 10 18 10 38 110 0.37 1.52 0.24
19 33 400 148 252 - 9 16 10 39 108 0.36 1.56 0.23
20 - 33 367 136 231 9 15 9 40 106 0.35 1.60 0.22
21 33. 333 123 210 8 14 8 41 104 0.35 1.64 0.21
22 33 300 111 189 7 12 7 42 102 0.34 1.68 0.20
23 33 267 99 168 6 11 6 43 100 0.33 1.72 0.19
24 33 233 86 147 6 10 6 44 98 0.33 1.76 0.19
25 33 200 74 126 5 8 5 45 96 0.32 1.81 0.18
26 33 167 62 . 105 4 7 4 46 94 0.31 1.85 017
27 33 133 49 84 3 5 3 48 93 0.31 1.90 0.16
28 33 100 37 63 2 4 2 49 91 0.30 1.85 0.16
29 33 687 25 42 2 3 2 50 89 0.30 2.00 0.15
30 33 33 12 21 1 1 1 51 87 0.29 2.05 0.14
' :5 Year Levelized Value 488 063 060
- 10 Year Levelized Value , .A78. - 059 054
_"20Year Levelized Value = ;. 167 . 0,56 . - 048
v ‘30Year LevelizedValue o168 084 "0.46
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_pane, butanes and pentanes

4. Demand Scenarios

Introduction

There are several drivers to natural gas demand. The
most important are the pace of economic activity, the
price and availability of alternative fuels, the quantity
of power generation from nuclear powerplants, and
environmental and other regulations that might affect
fuel competition. This section presents the key
assumptions chosen to construct the two 30 Tcf de-
mand scenarios and introduces the basic U.S., Cana-

dian and Mexican gas demand levels used in the cases.

0il And Coal Prices

Oil prices are important to gas markets in two respects.
First, gas competes against residual and distillate fuel
oils for certain end-use markets. To the extent oil prices
are low, end users are more likely to switch away from
gas when gas prices rise. Second, the price of oil
affects the exploration and development of natural gas

‘resources. Gas often is found along with oil so the in-

centive to look for one often leads to greater discover-
ies of both. Also, about 15
percent of the heat content of
raw nonassociated gas pro-
duction is in the form of nat-

about $13.00 per barrel in 1998 in the next two years
and then growing with inflation (at 2.5 percent per
year) to $22.00 per barrel in nominal dollars by 2010.
In real dollars, the projected RACC price in 2010 is
about $16.40 per barrel in 1998 dollars.

Coal prices for all cases are assumed to rise one per-
cent per year in nominal dollars. This means that
real coal prices are declining at more than one per-
cent per year. |

Economic Growth

The rate of economic activity affects the pace at which
new factories are built and industrial equipment is in-
stalled, the rate at which new commercial floor space
is added and the number of new housing units that are
built. These activities affect gas demand directly through
the installation of new gas burning equipment and
appliances and indirectly by increasing electricity de-
mand, which, in turn leads to a greater need for new
gas-fired power generating equipment.

ural gas liquids (ethane, pro-

-Real 1998%

plus), with prices which close-
ly track crude oil. This means

Price

that the incentive to develop
gas is in some measure tied to

oil prices.

Exhibit 4-1 shows the refin-
ers’ average cost of crude
(RACC) assumed for all cases

presented here. In nominal
terms, the oil price scenario
has prices recovering from

11



Mexican gas demand is expected to grow at a
rate of about 5.6 percent per year. More than
half of the growth will take place in the power
generation sector, which is being restructured
in Mexico to allow private investment in new
power plants. As in the United States, most of
these power plants are expected to be gas-fired.

1997 2010 Growth%

2010 Growth% *+
US. 22397 30,383 24% 30272 23%
 Canada 2502 3505 26% 3482 23%
- Mexico 1,213 2464 56% 2464 56%

Mexico also plans to convert much of its oil-
fired capacity to gas.

The North American Gas Market

The year 2010 gas market in the U.S., Canada and
Mexico is summarized in Exhibit 4-7. In an environ-
ment in which the U.S. market grows to 30 Tcf by
2010, gas demand is expected to grow in these coun-
tries at a combined rate of about 2.5 percent per year.
The total North American gas market in 2010 would
be 36.2 to 36.4 Tcf in size. The U.S. represents about
83 percent of that market.

U.S. Peak Gas Demand

In addition to forecasting monthly
gas demand and prices, the STM
can be used to analyze daily gaé
demand in future years. The daily
gas demand estimates can be ana-

The coincident daily peak U.S. demand would grow
from about 110 befd to about 150 befd in 2010 — a
gain of 40 befd excluding the effects of potential fuel
switching. If fuel switching is considered, the gain in
peak-day demand would be as little as 20 befd. By
comparison, a 7,500 bcf per year gain in end-use
consumption would result in an increase in average

daily demand of 20.5 befd. The non-switchable peak -

grows less than the average consumption because

“new combined cycle powerplants, which make up a

large part of the demand growth, are assumed to be
capable of burning distillate fuel oil and, thus could
be switched off gas in the coldest winter days.

lyzed to determine peak-day de-

Daily Gas
Demand

mands and gas demand “load dur-

Sector = Total

Region = L48

ation curves.”

Price = §3

Exhibit 4-8 shows the coincident

load duration curve for the Lower

48 U.S. for the year 1997 and the

how that same curve would look in

the year 2010 under the “high eco-

nomic growth” assumptions if 1997

weather patterns were repeated
exactly. The growth in peak demand

is important because supply capaci-

ty (pipeline, storage or peakshaving)
must be built to accommodate
peak-day requirements.

14




5. Supply Assumptions

Introduction

Much of the current debate about the feasibility of
reaching a 30 Tcf gas market in the United States
centers on whether adequate gas supplies will be
available at acceptable prices. At various times and
from various sources concerns have been raised
about the size of the underlying natural gas resource
base, the cost of getting the gas, the desire of the
domestic oil and gas industry to invest in the United

~ States vs. overseas and the potential upstream infra-

structure constraints on drilling rigs, other E&P ser-
vices and trained personnel. The purpose of this
chapter is to review — but not try to resolve — some

- elements of the debate and to present a set of reason-
‘able assumptions to be used in this study’s forecasts

of pipeline and storage infrastructure needs.

Historical Natural Gas Production
And Reserves

Exhibit 5-1 shows U.S. natural gas production and
reserves from 1960 to 1997. U.S. gas reserves peak-

© Exhibit5-1 U.S. Gas Production And Reserves

Reserves® -

ed at 293 Tcf in 1967, after which they declined until
1988. Since then gas reserves have remained in the
range of 162 to 168 Tcf.

U.S. gas production peaked in 1973. Production then
trended downward because: '

& Price controls restricted supplies and led to
moratoria on new gas hookups;

& Economic slowdowns and conservation efforts
brought on by the first oil crisis in 1974 reduced
total energy markets; ' ’

& The “rust belt” emerged in the Midwest reduc-
ing industrial energy markets for gas; and

g The market share of gas in power generation
was squeezed by the growth of nuclear power
and mandated restrictions on gas use.

After these effects worked through the system, gas
demand and production reversed course after 1986
and except for the impact of weather, have grown
steadily since then.

hlbitSZ LoWeHS Gas
- Resource Comparisons

Production. - ruet 5t : "j'TOTAL:GAS TOF
2 a""‘s 300 : : et ;
" Baseline  ‘USGS - PGC

—— Production
== Reserves

k

1955 - 1960 . 1965 1970 1975 ° 1980 1985 - 1890

) i9.92 1998 1985 1997
. NewFields 493 880 332 441 .

GrowthIn 536 434 307 158

~. . Old Fields
b B
Noaood 97 110 50 75
Tight Gas 234 234 227 nfa
Shale 57 138 84 nja .
7 Total 14,117 1,796 1,020 674 .

1895

* Prudhoe Bay, Alaska gas feserves which were booked in 1971 then remov'ed‘in‘ 1987 have been removed ,i'rom all years of the chart to prevent their distortion of trends ih the data.



Resource Base Assessments Of
Undiscovered Natural Gas

Exhibit 5-2 shows estimates of undiscovered remain-
ing Lower 48 natural gas resources as determined by
the National Petroleum Council in 1992, the U.S. Geo-
logical Survey in 1995, the U.S. Potential Gas Agericy

" in 1997 and the Gas Research Institute in 1998. The

resources are shown separately for growth in existing
fields, new fields and the nonconventional sources of
coal bed methane, tight gas and shales. Proven re-
“serves of about 160 Tcf are not in the table. The small-
est estimate for which all components are included is
the USGS assessment of 1,020 Tcf. The largest esti-
mate is GRI’s assessment of 1,796 Tcf. At current
rates of production, these estimates of undiscovered
gas represent from 55 to 96 years of production.

It is important to note that such assessments only.
include resources that are of a type and location that
either is now being exploited or whose exploitation
can reasonably be imagined with known technology.
The history of resource assessments has shown that
as time goes on and more is learned about resources
and how to exploit them, the total size of the ultimate
resource base (cumulative production, reserves plus
undiscovered resources) increases. As an example of

Exhllm 5-3 Average U s Natural Gas Resuurce Costs

NOMINAL $IMMBTU SR

how new resources are added over time, Appendixv A
of this report describes recent supply developments

“in the Canadian Atlantic, a region that has only.

recently become part of the North Amenca s natural
gas supply outlook.

Historical Finding Costs And
Role Of Technology

Producers will drill new oil and gas wells, recom-
plete existing wells and enhance production through
restimulation or the addition of compression only
when expected oil and gas prices are high enough to
justify the necessary investments. Expenditures are
made for drilling wells, lease acreage, geologic and
geophysical services, offshore platforms, lease
equipment, well operation and maintenance, financ-
ing and taxes. Other important factors influencing
upstream economics are the expected success rate of
the drilling program, anticipated size of new discov-
eries, recoveries per well, the time profile of produc-
tion and the future prices for crude oil, natural gas
and natural gas liquids.

These economic factors can be translated into natural
gas or crude oil “resource costs,” or the minimum
prlce needed to make an investment worthwhile.
Exhibit 5-3 shows the estimated nom-
inal-dollar resource cost of gas for -
average new gas wells drilled in the
United States from 1966 to 1997.

600

Resource costs are calculated using
actual historical costs and engineering

parameters (e.g., success rate, recov-
ery per well) and assume a minimum

3 A
o /\_

Average
Resource

rate of return of five percentage points

Cost

800

200

1965 . 1970 1975 . 1080- - 1985 1990 1085

above an average AAA corporate
bond issued in each year. After reach-
ing a high of $5.40 per MMBtu in
1982, the resource cost of new nonas-
sociated gas fell through 1990 and
since then has ranged between $1.75
and $2.05. It should be noted that the
costs shown in Exhibit 5-3 are aver-




ages and include both low cost reserve additions
(such -as additions to existing fields) and the higher
cost additions (such as from new field exploration).

Exhibit 5-3 also shows the average gas price receiv-
ed each year for production from new wells. These
prices reflect regulated pricing through 1982 and,
thereafter, market prices. As the exhibit shows, re-
source costs tend to move in the same direction as
prices. This occurs both because producers concen-
trate on low-cost gas when prices are low but make
incremental investments for more expensive gas
when prices are high and because the factor costs to
producers (e.g., lease acreage, wells) go up and down
with oil and gas prices.

In the early years shown in Exhibit 5-3, the prevailing
market prices were below the resource costs, indicat-

~ ing that producers were making investments on the
-expectation of higher prices in the future. In more

recent years, prevailing gas prices have been slightly

Exmblt 5-4 Prmected U s. Gas Price’ And Demand

Average Wellnsad Pnce — 1997$/MMBtu b
290" ' . :

Proiecled

higher than estimated resource costs. This means that
the producers’ average realized rates of return for
marginal gas investments have been close to the rate
(five percentage point over AAA corporate bonds)
used in the resource cost calculation.

The total decline in resource costs from the 1982
peak to the $1.91 average value for the last five years
of data was $3.49 per MMBtu. This was a result of
factors that reduced costs by $3.66 and factors that
increased costs by $0.17. Fifty-nine percent of the
$3.66 reduction was due to increased recovery per
well — itself a result of improved technologies and
better management practices. Other factors include -
reduced well and equipment costs (20 percent),
lower interest rates (17 percent) and improved
drilling success rates (four pefcent) Reduced value
of natural gas liquids was the primary factor that
increased costs by $0.17.

Forecasts Of Gas Prices

Exhibit 5-4 shows the projected
wellhead prices from the fore-

casters whose demand estimates
L were presented earlier. The
. ‘ : exhibit shows the size of the pro-

280~ 2010-0
: 2015-®

AEQ 99-HI

jected gas market on the x-axis
and the average projected U.S.

_'2.70

wellhead gas price in real 1997

o]
2.60 AEC 99-HI

L
AEQ 99-Ref

doliars per MMBtu on the y-
axis. The real-dollar prices con-

2.50

(o}
AEQ 99-Ref

sistent with a 30 Tcf market are
in the range of $2.10 to about

2.40

$2.70 per MMBtu. Most of the

2.30 : : °

forecasts fall at the lower end of
that range. The significance of

O | AE099-L0@ WEFA
DRI i

this exhibit is that all of the
major forecasters envision gas

O 2
G_Rl 99 AQA

supplies sufficient to satisfy mar-
kets near 30 Tcf in size at real

25,000 26, 000 27,000 28,000 29,000 - 30, 000 31,000 :32, 000 33000 34 l!llﬂ ok

Annual .8, Gas Demand — Bc(IYcar )

17

wellhead prices that are similar
to or slightly above prices seen
in recent years.



Alternative
Gas Production Scenarios

To evaluate pipeline and storage infrastructure needs,
EEA developed a forecast of lower-48 gas production
“ by region. This was done by creating a “base” deliver-
ability trend for each region that was keyed to certain
- resource base, technology and cost assumptions. The
goal was to construct regional gas production patterns
similar to published forecasts such as the GRI baseline
and to create a price forecast that fell into the upper
~end of the range of published forecasts. The upper end
of the range was targeted to address concerns that
large increases in U.S. gas production would require
real price increases over recent levels and to illustrate
that the 30 Tcf market could be achieved even under
relatively high-cost wellhead supplies. Throughout the
simulation of future years, the
drilling activity algorithms in.
the STM modified these base
‘trends to reflect regional price
and take results. The results

on the exhibit are aggregations of the 38 regions
characterized in the STM. Average U.S. production
grows about 2.2 percent per year, with the highest
rates of growth expected in the GOM offshore and
West regions. As shown in Exhibit 5-5, Canada and
‘Mexico are also assurned to have substantial increas-
es in gas production.

As was shown in Section 4, U.S. gas consumption in

2010 ranges from 30.3 to 30.4 Tcf per year in the
four cases. The STM results yield net imports from

Canada in 2010 ranging from 4.8 to 4.9 Tcf. In all

cases, net exports to Mexico are set at 0.4 Tcf and
LNG exports from Alaska to Japan are assumed to be
less than 0.1 Tcf. Therefore, net gas imports average
about 4.4 Tf across all of the cases, or about 14 per-
cent of projected 2010 U.S. consumption.

Exhlblt 5-5 Gas Pruduclmn By Region

GrowthG 2010 Growth% . . -

from the model included revis-
d leti tivity. deli 575 1.2% 674  1.2%
€d CO etion activity, deliver-
o mp ty e 264 2.3% 356 2.3%
ability and production trends
th l , U.S. Southwest
at reflected the model’s re- ONShOre oo 9970 11,839 1.3%  11.606  1.2%
gional price forecast. Offshore .............. 5,432 8599 3.6% 8274 33%
» . US West&AK ........... 3,421 4766 2.6% 5394  3.6%
There were two sets of “base”
del bilitv trend ¢ int U.S. Subtotal 19,662 26,232 2.2% 26,303 2.3%
cliveraoill rendas u 1n (¢}

Y P Canada .......coecoeen.n... 5,328 8419 3.6% 8,381  3.5%
the STM. The first reflected a MEXICO oo 1187 2145 . 4.7% 2,145  47%
relatively optimistic view of . ’

North American Total 2.7%.

Gulf of Mexico (GOM) off-
~ shore and Gulf Coast onshore
production potential. This sce-
nario was used for Cases #1 and #2. A second set of
base trends was created with a somewhat more pessi-
mistic view of Gulf of Mexico offshore and Gulf Coast

onshore production potential. This scenario, which -

had more Rocky Mountain production, was used for
Cases #3 and #4.

Exhibit 5-5 shows approximate regional production
levels achieved in the four cases. The regions shown

18

26,177 36,796 . 2.7% = 36,829

U.S. Gas Prices

Exhibit 5-6 shows the annual average spot gas prices
at Henry Hub resulting from the four cases. The
prices are very similar because the total gas demand

trajectory is nearly the same for all cases, although

the regional and sectoral mixes are different. In nom-
inal dollars, Henry Hub prices are expected to aver-
age a 3.3 percent per year increase to about $3.35-

Cases#3,#4




‘”' - j'E)'v(:hibi't“ﬁS-G H‘e_nrvaub 'Sxpdt‘Pr_ices e
S b NOMINALSMMBTY - -

e ACtuAl 2005 2010

----- Case #1 ... $2.73 $3.35
ey ——Case#2... 272 3.34 :
o 3',,’0_;50 i ———Case#3... 275 339 —

awn Case #4 ... 272 334

$3.40 per MMBtu in 2010. In real 1998 dollars, this
is about $2.50 per MMBtu.

Implied U.S. Gas Drilling Activity

The forecasted increase in U.S. production to more
than 26 Tcf will require an increase in annual gas
well completions? from an average of about 11,600
in 1995 and 1996 and 14,000 in 1997 to about 18,000
in 2010. This level of activity will lead to an increase
in annual nominal-dollar investment in non-associat-
ed gas drilling from about $12.8 billion in 1995/96 to
about $26 billion by 2010.

2. Completions refers to both new gas wells and new gas completions
in existing or sidetracked boreholes (recompletes).
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6. Transmission and Storage Infrastructure

Existing Gas Pipeline Infrastructure

The U.S. contains approximately 260,000 miles of
natural gas transmission pipeline, 185,000 miles of
which are owned by interstate pipelines. Asis shown
in Exhibit 6-1, there are another 50,000 miles of gas

gathering line and some 955,000 miles of distribu- -

tion line owned by the gas utility industry. In total,
gas utility gathering, transmission and distribution
represent approximately 1.26 million miles of pipe in
the United States. The recent reductions in gas gath-
ering line shown in Exhibit 6-1 reflect the spin-off or
sale of gathering facilities to non-utility entities.

The U.S. gas transmission infrastructure contains
approximately 14 million horsepower of compres-
sion. Most of this transmission compression is fueled
directly by gas (either with reciprocating engine or
turbine prime movers) and the remainder is powered

’ Exh|h|t>6-1 Gas Utlllty Plpelme And Mam

o THOUSAND MILES

by electricity. As reported by EIA, in 1997 gas use by
transmission compressors totaled 712 bef or 3.2 per-
cent of the 21,979 bef U.S. gas consumption.

There is no easy way of summarizing into a single
statistic the “capacity” of the entire U.S. gas pipeline
infrastructure since the ability of the pipeline system
to flow gas on any given day depends on where the
gas is being produced or withdrawn from storage and
where the gas is being consumed. Instead, gas pipe-
line capacity must be analyzed from the perspective
of specific interregional capacities and flows and
how they might change in the future. Exhibit 6-2
shows some of the major gas pipeline corridors and
their estimated capacity in million cubic feet per day
(MMCfd). These corridors are represented in EEA’s
Gas Market Data and Forecasting System and are
each made up of one or more pipelines. The corridors:
with the largest capacities tend to be those moving

gas from the Southwest U.S.

(primarily Texas and Louisiana
“ production) to the East and

North and corridors moving gas

1,400

from the Mid-continent (pri-
marily Kansas and Oklahoma

1,200

production) to the Midwest.

1,000

The map on Exhibit 6-2 also
shows the estimated average an-

nual load factor for 1997. Weight-
ed by capacity and miles, the

600

major interregional U.S. gas
transmission corridors were

used at an average 73 percent
load factor in 1997. This aver-

“200

age is as low as it is because
gas pipeline systems tradition-

1970 1975 1980 1985

1890
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ally have been designed to
supply peak-period gas demand
and thus are operated well be-

1985



low capacity for much of the
- year. Because of the recent
growth in U.S. gas demand, the

Exhibit 6-2 Capacity Of Major Gas Pipeline Corridors — 1997

“recent trend in pipeline utiliza-
tion rates has been upward. Ac-
cording to the Energy Informa-
tion Administration average
(unweighted) gas pipeline utili-
zation rates have grown from

3:‘3{-}?‘5.%&;&‘&'(;{%““

o
S

& i”“lm

68 percent in 1990 to 72 per-
cent in 1997.3

The Economics
Of New Gas Pipeline

Exhibit 6-3 shows the cost of
new gas pipeline as a function
of inside pipe diameter. The
symbols on the diagram repre-
sent the annual average cost for
U.S. pipeline projects reported
in the Oil and Gas Journal for
the years 1993 to 1996. The
line through the symbols is a
regression line that best fits
those data and represents an
“expected” or average cost for
each diameter. For eXample,
16-inch pipe has an expected
cost of $550,000 per mile,
while 36-inch pipe would be
expected to cost $1.3 million
_per mile.

For any given period there will
be a wide range of costs report-
ed for various pipeline projects
of a similar pipe diameter. For
example, the typical range in
costs for 36-inch pipeline has

Pipeline Capacity

been about $700,000 to $2.5
million per mile. The range in

3. EIA, Natural Gas 1998: Issues and Trends.
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Ei(hihit 6-3 ;."-Gas‘Pipeline Costs .

- Thousand Dolars Per Mile s e

materials make up a larger share
of total costs: 48 percent versus
35 percent for labor.

-.1800° i
1800 ) The capacity of a gas pipeline to
1400 W £ carry gas depends primarily on its
1200 : ¢ w««' T — | . operating pressures. A higher op-
1000 * ¢ erating pressure and a greater
' 3 . pressure drop between compres-
sor stations increase a pipeline’s
carrying capacity. However, there

O Estimated @ Actual - is an economic tradeoff between

higher pressure and the extra

costs can be explained to a large degree by where the

pipelines are built. A pipeline path through moun-

tainous terrain or across many rivers adds to costs.

Capital expenses also may rise when the pipeline

goes through developed areas because the cost of -
rights of way usually increase, regulatory delays can

mount due to more public intervention, and the pipe

design may have to be upgraded for safety with, for

example, additional wall thickness.

Exhibit6-4 Breakdown Of Pipeline Construction Costs

Aand

_ Ofshore
Material 39.0% 48.2%
Labor 40.5% 35.3%
R.O.W. & Damages 2.9% NA
Miscellaneous 17.5% 16.5%

1000%  1000%

Soirce:: Oil and Gas Journal.

Exhibit 6-4 shows how the cost of new pipeline is
broken down among material, labor, rights of way
and damages, and other cbmponents (surveying, en-
gineéring, supervision, administration and overhead,
interest, regulatory filing fees and contingencies).
For onshore pipe, materials and labor each contribute
about 40 percent with the miscellaneous components
adding about 18 percent. For offshore pipelines,

24

pipeline wall thickness needed to
safely confine those pressures.
Similarly, a pipeline designed for
large pressure drops requires higher initial costs for
compressors and greater fuel use. For a typical
pipeline built in the U.S. these tradeoffs are resolved
by designs that yield maximum operating pressures

of about 1,000 psig and pressure drops of about 340

psig (that is, gas enters compressor stations at about
760 psig). Such a design means that compressor sta-
tions will be spaced about 65 miles apart and that
there will be approximately 15 horsepower of com-
pression per million cubic feet of daily capacity
(based on a compression ratio of 1.31).

Exhibit 6-5 summarizes the costs and capacities of -

different size pipeline using the typical design and
cost parameters described above. The costs for a typ-
ical 36-inch line would be $1.3 million per mile or
$1.20 per Mcfd of capacity per mile. In 1996 the cost
of gas pipeline compressors installed on land aver-
aged $1,390 per horsepower. At this cost, compres-
sion on a 36-inch pipeline will add $350,000 per
mile of pipeline or $0.32 per Mcfd of capacity per
mile of pipe, bringing the total cost of the pipeline
including compressors to $1.52 per Mcfd/mile. The
exhibit demonstrates the economies of scale in
pipeline construction. A 24-inch gas pipeline would

have expected capital costs of about $2.50/Mcfd[

mile while a 48-inch line would have_expected capi-
tal cost of only $1.10/Mcfd/mile. _
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F.xhlbll 6-5 Typlcal U S Gas Plpelme Costs

or large amounts of new capacity depending on how
much pipe and compression are built. Capacity

: L o P: eline & i i
P-ne Plpelme | - Pmlme con‘; ression added by looping and compression tends to be less
Diameler . Cost ~ Capacity  Cost Cost expensive than greenfield pipeline projects because
$mmy/ $/Mcfd/ $/Mcfd/
'T‘ches mile  MMefd T mile some costs such as surveys and purchase of land and
16 0.55 139 3.96 4.28 rights-of-way are not incurred.
20 0.70 245  2.85 3.17
24 0.85 389 218 2.50 »
28 100 574 173 2.06- Existing Regional Storage Capacity
32 115 805 142 175 According to the American Gas Association (AGA),
36 130 1,084 1.2 1. o .
i 153 1231 ogg 122 total underground storage field capacity, including
' ' ' ' base gas, has grown from 4.1 Tcf in 1965 to 8.0 Tcf
48 176 2245 078 1.10

Expansion Of
Existing Pipeline Systems

Sometimes when a pipeline is built, not all of the

. planned compression is installed. For example, com-

pressor stations could be built ‘every 130 miles
instead of every 65 miles. Building only half of the
planned compression would reduce the capacity of
the pipeline about 30 percent below the values shown

" in Exhibit 6-5. When the demand for pipeline service

grows to the point justifying it, additional compres-
sion is added to bring the pxpelme up to its initial
full-design capacny This
is called a “compression
only” expansion.

: Exhlblt 6-6 .
‘ ‘NumberOfStorageHelds e .

in 1996. The total number of storage facilities
increased from 293 in 1965 to 419 in 1983 before
falling off to 394 in 1996. Exhibit 6-6 illustrates the
growth in storage capacity over this time period.

Gas storage is used for a variety of purposes by dif-
ferent types of customers. Pipelines and local gas
distribution companies use storage to maintain de-
sired gas pressure throughout their pipeline systems, v
and to optimize the performance of their systems in
delivering gas to customers when needed. Also, stor-
age is used as an emergency backup source of gas in
event of a production failure, producer non-delivery,
or other system failure. Storage capacity in the pro-
ducing regions can replace additional production ca-

\ﬁaUnderground Storage F| i
A 965—1 996 E

~ Capacity also can be added 0 Storage /
to any existing pipeline 400 Fild Capacity

system by “looping” —
adding parallel pipe along
part or all of the existing
pipeline’s length. Expan-
sions also take place by
“looping and compres-
sion” whereby some paral-
lel pipe and some addition-
al compression are added.
Looping and compression
expansions can add small

S 400

1080

S NES . 1070 . 1975 1980 . 1985
So'ﬁrée:,_AGAGasFacts o ; ) R
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pacity while market area storage reduces the need for
pipeline capacity between gas production and market
areas. Seasonal storage requires long-term, large ca-
pacity storage that can be drawn on throughout the
heating season. Short-term, high deliverability, peak-
ing storage can be used to meet peak demands on a
limited number of days with the highest demand dur-
ing the winter. Peaking storage also can be used dur-
ing other seasons to make up for supply disruptions
or to meet increases in demand for electric genera-
tion in the summer.

The potential to develop storage capacity differs by
region. As a result, there is significant regional vari-
ation in the type and quantities of storage capacity
available. Exhibit 6-7 illustrates the regional distrib-
ution in storage capacity. v

Bt Bofd

" Northeast

: 121 670 11.7 57

. Midwest 33 1,131 24.0 47

Southeast 128 174 - 5.2 33

... Central 49 566 6.0 94

D% Southwest . 67 983 20.5 48

. West 12 244 71 34
- TotalUsS. ' 410 746 - 51

3,767

..+~ Source: Energy Information Admiristration

There are four main types of gas storage facilities:
~ depleted fields, aquifers, salt caverns and Liquefied
Natural Gas (LNG). Each of these storage types has
distinctive characteristics and can be used to satisfy
different storage needs.

Depleted Fields:

Most underground natural gas storage capacity is
created from depleted oil and gas fields that have
been converted to storage use. Typically, depleted
fields have a large working gas capacity relative to
deliverability and are used primarily for seasonal
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storage. However, depleted fields with high deliver-
ability are used for peaking storage.

Aquifers:

In areas that lack suitable depleted fields, natural
aquifers have been used for natural gas storage.
Aquifer storage often requires greater observation
and care when injecting and withdrawing gas than
depleted fields. Aquifer storage facilities are heavily
concentrated in the Midwest market area in Illinois,
Indiana and Iowa.

Salt Caverns:

Salt caverns have very high deliverability relative to
storage volumes and can be cycled several times a
year. Salt caverns often can be drawn down in as
few as 10 days and be refilled in as few as 20 days.
This makes salt caverns ideal for meeting peak
demand swings and system load balancing, hence
salt cavern storage is particularly valuable to elec-
tric genefators for meeting summer peak cooling
demand. Salt caverns are concentrated along the
Gulf Coast, although sites have been developed in
the Northeast and Mid-continent and potential sites
exist in the Western U.S.

LNG:

Liquefied natural gas storage facilities generally are
used for peaking purposes in market areas without
less expensive alternatives. During times of peak de-
mand, LNG is regasified or vaporized and fed into
the pipeline network. Typically, LNG storage facili-
ties only have about five to 10 days of capacity. Lig-
uefaction capacity is very costly and most full-cycle
plants (plants with liquefaction, storage and vapori-
zation capacity) only have sufficient liquefaction ca-
pacity to fill the storage tanks once a season. Satellite
LNG facilities do not have liquefaction capability
and have LNG transported to the site by truck or rail.
LNG storage is highly concentrated in the Midwest,
Northeast and Southeast. More than half of the total
U.S. LNG storage capacity is located in just five
states: Georgia, Indiana, Massachusetts, New Jersey
and North Carolina.




Exhibit 6-8 illustrates the distribution of underground
storage capacity and deliverability by type of storage.

Cost Of New
Natural Gas Storage Capacity

Exhibit 6-9 illustrates the average costs of expanding
U.S. natural gas storage facilities. The values in this
table reflect the average costs from a total of 57 recent-
ly completed and proposed new field development and
existing field expansion projects.

Storage field development costs vary substantially by
the type of storage field. The key issues impacting

~ the development of for each type of storage are sum-

marized below:

Depleted Fields:

Depleted fields tend to be relatively inexpensive to
develop since the existing production wells and gath-

Exh"ibi'l>6='9v" »Avvevr'a'g'e Cost Of ed:entlyfcqmpleled'vA'n"; Pfopo d U.S. Storage Projects

Waorking b
“Gas >+ -Deliver-

Capacity - ability

Exhibit6-8 Natural Gas Storage

- — By Type Of Capacity —
; : ' ' Wofkinu‘ S

Type Of [ Gas . ‘Deliver- -Days Of
Storage Owner ‘Facilities - Capacity ability . Capacily

) # Of Bcf Bcet/d # Of
Depleted Field 343 3299 552 60
Aquifer 40 351 8.3 42
Salt Cavern 27 116 1141 10

51 e

TotalUS, = 410 3767 748

* Source: Energy Information Administration

ering lines often can be converted for use in the stor-
age field. Also, the native gas left in the reservoir
before conversion can be used as base gas, minimiz-
ing the cost of injecting additional base gas. How- '
ever, field deliverability is limited by the number of -
withdrawal wells and the geological characteristics
of the field. The cost per unit of deliverability can

~ vary widely between projects. The cost of recently -

“ Deliver-

 Deliver- T e
‘abily - Capacity _abiliy . Capacity abilly

$/MCF  $/MCFD $/MCF  $/MCFD

$/MCF  $/MCFD : $/MCF $/MCFD $/MCF  $/MCFD

40.00 200.00 33.33 303.03 : 12.60 364.22

New 7.24 865.69
rtheast :
Northeast . ansion 6.67 16545  12.00 60.00 NA 5954 884 10232
Midwest N 331 33125 367 36155 362 357.26
Expansion 2.32 227.45 2.32 22745
New 538 11814 538 118.14
‘ .
Central . pansion NA 11667 = 658 79.96 004 87.44
New 2.88 28401 3048 28300 = 831 28328
Southeast o pansion 113 1286 113 12586
New 003 16857 420 21.00 207 13578
Southwest . ansion . NA 8584 832 19500 10.76 151.37
west MW ' 258 103.13 ' 258 103.13
Expansion 9.44 100.67 9.44 100.67
Total u.s. NeW 331 33125 322 21834 1015 13400 3138 28042 476 21273
S Expansion "9.44 10067 = 654 14769 741 87.15 'NA 5954 752 103.84
Al 5.06 14921 355 200.87  8.56 10865  34.11 221.16 5.18 17212
Sources: Energy inférmation Administration-and FERG filings. ’ ’ '
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completed and proposed new depleted fields has
averaged $3.22 per Mcf of working gas and $218.34
_per Mcfd of deliverability. The cost of depleted field

expansion projects has averaged $6.54 per Mcf of

working gas and $147.69 per Mcfd of deliverability.

Aquifers:

Aquifer storage fields tend to be more expensive than
depleted fields since all of the injection/withdrawal
wells must be newly drilled and new field pipelines
must be installed. Also, all of the required base gas
must be injected. There are only two new aquifer pro-
~ jects and one expansion project with published costs of
construction. The cost of the new aquifer storage pro-
jects averages $3.31 per Mcf of working gas capacity
and $331.25 per Mcfd of deliverability.

Salt Caverns:

Salt cavern facilities tend to cost more to construct
per unit of total capacity than depleted fields but are
cheaper per unit of deliverability. Salt cavern expan-
sions tend to be cheaper than building new capacity,
since much of the existing aboveground infrastructure
(compressor station, dehydration equipment, etc.) can

be shared with the expansion. The ccost of recently

completed and proposed new salt cavern facilities
average $10.15 per Mcf of working gas and $134.00
per Mcfd of deliverability. The cost to expand salt

cavern facilities averages $7.11 per Mcf of working
gas and $87.15 per Mcfd of deliverability.

LNG

Liquefied natural gas storage facilities are the most
expensive storage medium to build and operate. The
cost of constructing recently planned new full-cycle
LNG storage facilities averages $34.11 per Mcf of -
gas storage capacity. ‘

~ The cost of storage capacity varies by region.

Recently completed and proposed storage capacity
has been cheaper in the Southeast, Southwest and
West, and more expensive in the Midwest. Storage
capacity in Northeast is the most expensive. For
example, the average cost for new depleted fields in
the Southwest has been $2.03 per Mcf of storage
capacity and $168.57 per Mcfd of deliverability as

- compared to $7.24 per Mcf of storage capacity and
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$865.69 per Mcfd of deliverability in the Northeast.
The difference in construction costs is due, in part, to
a greater number of suitable depleted fields in the
Southwest production region. Also, since storage
capacity is more valuable in consuming regions, ‘
developers are willing to spend more to develop stor- »
age fields in the consuming regions than in the pro-
duction regions.
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7. The Mérket Environment

Gas production and transmission facilities require
large capital investments and significant planning
and regulatory approval lead times. As a result, indi-
vidual projects are significantly influenced by a
range of regulatory and market factors including:

& Market competition with other fuels,
& Rate and nature of market restructuring, and

gz Allocation of market risks.

Each of these topics is discussed below.

Constraints On Gas Prices
Due To Competition With 0il And Coal

An important part of the market environment is com-
petition with other fuels, most importantly fuel oil and

coal. To the extent gas is priced above residual fuel oil

it will lose that portion of the gas load that can use that
fuel, chiefly large electric utility stecam generators
along the Atlantic Coast. Switching to fuel oil is gen-
erally a short-term phenomenon that occurs in winter
months. Exhibit 7-1 shows how the market shares of
gas and fuel oil in utility steam boilers vary in New
York as a function of gas and oil prices.

Residual fuel oil sold to large users is typically
priced at 80 to 95 percent of RACC on a Btu basis.
This means that under the $16.50/bbl nominal oil

price assumed for the year 2000 in the cases exam-
ined here, gas would lose market share when it is
priced at $2.30-$2.70/MMBtu delivered. Distillate
fuel oil generally is priced at about 140 percent of
RACC to large end-users. Switching to distillate,
therefore, would be expected at gas prices starting at
$3.90/MMBtu. Nearly all of the electric utility load:
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that is not switchable to residual fuel oil (including
nearly all of the expected new combined cycle gas
turbines) could switch to distillate fuel oil. A sub-
stantial portion of industrial gas load also can switch
to distillate.

In addition to short-term fuel switching to fuel oils,

the market for natural gas is constrained by competi- .

tion with coal in power generation markets. While
there is some short-term competition between the dis-
patch of coal-fired versus gas-fired units when gas
prices are low, the greater long run concern is compe-
tition in new units. Exhibit 7-2 illustrates how much
the low initial costs and high efficiency of gas-fired
combined cycle units favor gas over coal in new elec-
tric generating units. Even at a very high capacity uti-
lization rate of 80 percent, the delivered price of gas
could be as high as $5.14/MMBtu and gas still would
be economic. When the project capacity utilization
rate falls to 60 percent, the break even price for gas

rises to $6.20. This means that as long as gas prices

delivered to power generators stay below the $5.14 to
$6.20 range, gas will continue to be favored for new
generating units.

% Annual Capltal Recovery Factor..

S Capac;ty Utulzatlon Rate ............ 80% :
e CNew o oNew
e  commmenggie et
Capital .............. $/KW ...... 580 1,450
Fixed O&M ......... $hyr....... 27.75 53.52
Variable O&M ... $/kWh..... 0.0005 0.0025
Heat Rate......... Btu/kWh.... 7,000 9,000
Fuel Price........ $/MMBtu.... 5.14 1.30
Annual Fixed..... $/kW...... 114.75 271.02
Annual Fixed .. $/kWh ..... 0.0164 0.0387
Total Variable.... $/kWh..... 0.0005 0.0025
T O $/KWh ..... 00360  0.0117
0.0529

Total $/kWh - 0.0529

Facilities Planning
In A Restructured World

Because gas loads vary greaﬂy by season and day and

gas production and transmission facilities require
large capital investments, customers rely on a range
of options for their gas supply. These options include
mainline transmission capacity, underground storage,
full cycle LNG plants and gas peakshaving plants.

The objective of gas supply planning, traditionally the

responsibility of local gas distribution companies,

was to match the gas loads within the year to the

appropriate gas supply option so as to reduce the
overall costs of the gas supply portfolio. This meant
building and contracting for facilities to supply all
contractually firm customers for “design day” condi-
tions, that is, the coldest day that could be reasonably
expected given the region’s climatic history.

The specific decisions made by supply planners at the
distribution company primarily depended on the types
of supply resources available in the service area, costs

~of each potential resource and the gas demand load

profile. In general, the economic decision balanced the
fixed and variable costs of each potential supply
option against its expected usage during the year.
These economic considerations are illustrated in
Exhibit 7-3, which shows the cost of various options

(pipeline, underground storage, full cycle LNG and’

propane air) for supplying gas where the duration of
the gas load varies from one day to 130 days. The
costs include a wellhead cost component of $2.50 per
MMBtu where appropriate but ignore the effects of
seasonal variations in wellhead gas prices.

Exhibit 7-3 illustrates that a relatively low fixed-cost
option with high variable costs, such as propane-air
peakshaving, would tend to be economic for only the

- shortest duration loads while pipeline capacity, charac-
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terized by high fixed-costs and low variable costs,
would be used for baseload demands. Underground

storage, where available, would be selected to meet the v

intermediate loads lasting at least about 10 days at the
higher end down to loads lasting from 90 to 120 days




~ ing 30 days or fewer ranges from

at the lower end. Note that the mar-

ginal cost of supplying loads last- Sl
Dollars Per Mt

2001
about $5.00 to more than $20.00 A1
per MMBtu. 3

‘ . o 2000}-|
Although economic considerations Bl
were very important in traditional H

distribution company supply plan-
ning, other factors such as the atti-
tudes of the company and local reg-
ulators regarding risk, reliability
and desirability of designing the
system to allow more room for in-
terruptible loads were also impor-
tant. Furthermore, after gas prices
became deregulated and began to
show monthly variability, seasonal
gas price differences entered into
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Exhibit 7-3 {ilustration Of Supply Alternatives - _

Underground  Full Cycle  Propane

(N DOLLARS ) Pipeline  Storage LNG Air
Fixed Mcfd/Month  10.00 4.96 1.19 0.93
Fixed Mcf/Month 0.00 0.05 0.26 0.19
Variable $/Mcf 0.14 0.05 0.60 0.39
Fue! $/Mcf 2.50 3.09 3.37 6.00
..................... Pri)pane AT o o e e v s
- Full Gycle LNG -
Underground

Ty Storage
"""“‘""""“"Pipeline T

the calculations of what should be
the optimal mix of gas supply
sources.

Today local distribution companies continue to sup-
ply the residential sector and most (71 percent) of the
commercial sector under sales service. Only about
17 percent of the industrial sector loads is supplied
by. local distribution company sales — the remainder
being transportation service through a local distribu-

tion company (41 percent) or direct deliveries from

intrastate and interstate pipelines (42 percent). As
more states restructure their gas markets and local
distribution companies unbundle their services, the
fraction of each sector’s gas consumption that will be
supplied by local distribution company sales will fall
and the portion made up by other shippers, such as
gas marketers, will increase. These gas marketers
will take on many of the local distribution company’s
traditional supply planning responsibilities as they
contract for wellhead supplies, pipeline capacity,
storage and peakshaving services.

Although the regulatory structure under which
unbundling will take place is uncertain and will vary.

I
‘ 00 10 00

substantially from state to state, market prices are
expected to become increasingly important in deter-
mining what new facilities are built and how they will
be operated. The implied costs shown in Exhibit 7-3
for short-duration (that is, coldest weather) demand
will be increasingly reflected in monthly and daily
gas market prices and facility investors will use those
prices to determine when new facilities are needed.
Likewise, end-users (or marketers acting on their
behalf) will look at market price signals to determine
how to contract for alternative gas supply services.

Who Will Bear The
Risk Of New Construction?

Many gas industry observers have expressed concern
that needed facilities may not be built because the
interested parties will not be willing to agree on an
appropriate allocation of risk or because the regula-
tory structure does not allow agreements into which
the parties would like to enter. Some of the sources
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for these concerns are listedkbélow:

# The most common source of concern is the
demise of the regulated markets that allowed the
franchise holders (local distribution companies)
that signed long-term gas commodity and trans-
portation contracts to be confident that they
would have a resale market and would recover
their costs. This environment also made it easier
for the local distribution companies to build for
anticipated storage and peakshaving needs.

B Regulatory oversight often tends to penalize gas
procurement practices by local gas distribution
companies or regulated electric utilities that
result in purchased gas prices above the spot
market, but gives little reward for purchase
prices below spot indexes. This tends to push
parties away from long-term contracts and
toward spot market purchases.

& The traditional form of ratemaking calls for a

~ uniform annual rate with a fixed cost compo-
nent and a commodity cost component, while
the restructured markets exhibit values that vary
substantially by month, day or even hour. This
can lead to mismatches between what the mar-
ket is willing to pay and what can be charged.
The most notable examples of this problem are
rate caps that prevent pipelines and shippers
who sell capacity in the secondary market from
charging rates in peak periods that are high
enough to offset steep discounts during the off-
peak periods. Capacity can be allocated ineffi-
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ciently because neither buyer or seller can see
the real value of capacity. '

 The largest growth sector for natural gas will be
in power generation, which is going through a
major restructuring and whose future economics
of fuel supplies and generating assets are uncer-
tain. Because new power generators will be
competing fiercely against each other and will
be concerned about their fuel price, and they
may be reluctant to enter into long-term well-
head and transportation service contracts that
call for any substantial guaranteed payments.

& In today’s market, pipeline shippers attach little
value to holding contracts with a duration of
more than three or five years. In the face of
changing market conditions, shippers view a
long-term obligation to pay demand charges as -
unnécessan'ly risky in the light of the shippers’
“right of first refusal” that accompanies all con-
tracts of one year or longer. As a result, there is
a mismatch of risk between a pipeline’s desire
for long-term contract commitments to mini-
mize investment risk and the desire of shippers
to limit exposure.

Many of these concerns are the natural result of sub-
stituting market forces for regulation. The greater
efficiency and faster innovation provided by market
forces should make all parties willing to work out
solutions to these concerns, although the allocation
of risk will fall on the various parties differently than
in the past. '



8. Infrastructuré Results For the Four Cases

Pipeline Construction

Exhibit 8-1 shows historical and projected annual U.S.
capital expenditures for natural gas transmission. The
historical data were obtained from the A.G.A. Gas
Facts and are presented in nominal dollars. In the
1970s annual expenditures were usually under $1.0
billion. This increased to more than $1.0 billion dur-
ing the 1980s and exceeded $2.0 billion in the first
part of the 1990s. This increase in expenditures from
the mid-1980s to the mid-1990s tracked the rebound
in natural gas consumption. Many of these expendi-

tures were for projects (Great Lakes Expansion, Iroqu-
ois, Niagara, and the PGT expansion) to increase U.S.
access to Canadian gas.

The total capital expenditures for U.S. gas transmis-
sion from 1998 to 2010 are projected to be between
$30 and $32 billion in the four cases examined in this
study. The projected annual average is $2.3 to $2.5
billion, which is somewhat higher than the historical
average capital expenditures of $2.3 billion dollars
per year over the last 15 years. The projected expen-

ditures are based on either proposed pipeline projects

Historical

J Upper Estimate
W Lower Estimate




or hypothetical projects whose cost and
other characteristics are based on the “typi-
cal” factors described in Section 6. After
accounting for projects now under way, it is
assumed that additional projects are built
only when they are justified economically.

Exhibit 8-2 - Total U.S. Gas Pipelin‘é Investment
" — By Region (1998-2010) =~ "'
* BILLION DOLLARS - - .

Case #1.. Case #2 -‘Case'#3: Case #4
High-~-Power ..~ - ‘High . ‘Power
Growth G wih .

Mid-Continent

& Southwest ' ' ' ; - Exhibit 8-2 presents the breakdown of con-

f/l?;\t”ist 147 150 147 150 struction expenditures over the entire fore-
o cast period among three large U.S. regions.
©+: West 34 35 5.0 50

ot The area with the greatest expenditures is -
289 308 . 317 319 . expected to be the East and Midwest, where
N S projects to transport Canadian gas will spur
most of the activity. The Mid-continent and
the Southwest also will experience substan-
tial activity to supply new gas demand in
Florida and other states in that region.
Pipeline construction in the West will be
N | comparatively modest as little new capacity
| erfegonal 147 150 165 180 . ino California is projected. The capacity

- Area Links 3, . added in the West will be used primarily to
v Production 27 - 27 2.8 28 o . : . . .
Demand 4.1 47 . 44 47 supply incremental demands in the Pacific

Northwest and to move Rockies gas east. As
would be expected, pipeline expenditures
are greater in the West for those cases (#3
and #4) with higher Rockies production. It
should be remembered that the capital costs
and mileage reported in this study are for the
U.S. only. There will also be substantial
expenditures for facilities in Canada and

Replacement 8.4 8.4 84 84

- Total 299 308 .

‘ “-'EAxkhibitB-d Mil‘éstﬂt Néw‘ﬁa‘s'll’ipeline’ :

. Case#! Cased2 Case#3 Case#d
- “High- - Power jéHigh " Power:

_ Srowth  Gen . Growth Gen . . - - Mexico to support international trade and to
: - move incremental gas volumes within those
1998 1,848 1,848 - .
1999 2252 2208 2252 2232 countries.
2000 4988 5034 : 4988 3,126 . o :
2001 1540 1585 ° 1540 1843 Exhibit 8-3 shows a breakdown of projected
2002 1648 1693 1648 1,499 transmission expenditures by category. The
+ 2003 1662 1,708 © ' 1,662 1,558 ) ion of g bout half) i
2004 1858 1904 - 1858 1570 ‘ argest Pomon o .expen 1.tures (a 01.1t alf) is
2005 1451 1681 1451 1739 categorized as “inter-regional.” This means
2006 1,592 1687 . 1502 2537 v that the expenditures are for new transmis-
2007 1493 1,579 1498 1792 sion capacity to move gas between regions.
2008 2,881 2,952 2,881 3,483 Thi . ¢ th Cendi s tak
2009 1,631 1,899 1631 2,006 1s portion of the expenditures is taken

2010 1,359 1,541 1,350 2,064 - directly from the STM forecast of pipeline
capacity requirements. The next two cate-
gories, “production area links” and “demand
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area links;” were estimated by EEA based on the pro-
duction and demand changes in each region. As the
labels would imply, “production area links” are pro-
jects needed to move gas within supply areas while
the “demand area links” are projects to connect up
new end users or to supply distribution companies
with incremental volumes. Replacement expenditures
reflect expenditures to replace existing pipe and com-
pressors. Note that replacement expenditures do not
vary among the scenarios. The amount of replace-
ment was assumed to be remain at the levels experi-
enced in recent years (about one half of one percent
of operated mileage per year).

The miles of pipeline expected to be constructed each
year is displayed in Exhibit 8-4. The average annual
mileage, including replacement, is 2,000 to 2,100
among all the cases. According to the AGA Gas

- Facts, there were over 3,000 miles of new gas trans-

mission line built in both 1991 and 1992. Therefore,

the average mileage requirements projected in this
study are well within the recently demonstrated ca-
pacity of pipeline manufactures and construction
companies. This conclusion was verified through dis-
cussions with pipeIine manufacturers and suppliers
who saw no trouble in meeting the construction sce-
narios in this study. - '

Storage Construction

Exhibit 8-5 displays annual expenditures for gas
storage in the U.S. from 1970. The historical data are
from A.G.A. Gas Facts and are presented in nominal
dollars. The required expenditures for new Us. gas
storage capacity from 1998 to 2010 will total $2.2 to
$2.4 billion or $180 to $190 million dollars per year. |
This is in line with the actual average expenditures of
$200 million per year over the last 15 years. In all of
the examined cases, most of the additional storage
capacity is needed in the Northeast U.S.

[ Historical

3 Upper Estimate ——
M Lower Estimate
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9. Concluéions And Challenges

Conclusions

Two factors will determine whether there will be a 30
Tcf natural gas market in the U.S. by 2010: econom-
ic growth and the rate of nuclear and coal power
plant retirements. The power generation sector will
provide the largest portion of that growth, closely
followed by the industrial sector. The 30 Tcf U.S. gas

market will take place within a North American mar-
ket of more than 36 Tcf.

Beyond recognition of the potential for the natural

~ gas industry to substantially increase its North

American market, this study provides some answers
to the issues identified in the introductory section of
this report.

El How Much Infrastructure Will be Needed, and What Will it Cost?

An average of approximately 2,000 to 2,100 miles of new gas transmission pipeline will
be needed each year. The required capital expenditures for U.S. gas transmission and
storage from 1998 to 2010 will be between $32.2 billion and $34.4 billion. A 30 Tcf
market will require substantial new pipeline and storage infrastructure, but at levels that v
are not outside those of recent history. Therefore, pipe and compressor manufacturers
and construction contractors will be able to meet the need for new capacity.

= What Will New Gas Customers be Willing to Pay?

The study found that delivered gas prices must stay below the approximate range of $5
to $6 per MMBtu for gas to beat out coal in new power generation plants. In the indus-
trial and power plant sectors, seasonal fuel switching to residual and distillate fuel oils
will take place when delivered gas prices are in the range of 80 to 140 percent of crude
oil on a Btu basis.

% 48N &S g E e

Will Wellhead Gas Supplies be Forthcoming at Reasonable Prices?

In recent years, producers have been able to use new technologies and improved busi-
ness practices to reduce the cost of finding, developing and producing gas. All of the
forecasts presented here from EIA, GRI and others suggest that those factors will con-
tinue into the future and that a market of around 30 Tcf will require only modest
increases in real wellhead prices to a range between $2.10 and $2.70 per MMBtu.
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‘Other issues, such as whether the risks of new infra-
structure construction will be properly shared, and
who will champion natural gas, depend on continu-
ing regulatory and business developments. They can
be addressed in this study only in terms of the chal-
lenges outlined below.

‘Challenges
To The Pipeline and Storage Sectors

While a 30 Tcf market is widely anticipated and eco-
nomically possible, it will not be achieved easily. All
segments of the natural gas industry will face chal-
lenges in growing the market to the 30 Tcf level. For
the gas transmission and storage segments, the great-
est challenges are:

q Earning Adequate Returns
= To Attract Capital:

As the gas industry has been restructured to reduce

balance — without wasteful delays — the need for
energy in a growing U.S. economy energy against
other public interests.

Fostering International
Infrastructure Integration:

Approximately 18 percent of the 36.2 to 36.4 Tcf
North American gas market anticipated by this study
in 2010 will cross an international border before be-
ing consumed. This means that the integration of
business strategies, infrastructure and operations

- among Canadian, Mexican and U.S. companies will

the effects of regulation and to enhance the influence

of market forces, the risks borne by pipeline and
other market participants have increased. Assurances
of a reasonable opportunity to earn an adequate
return to new pipeline investments will be needed to

bring forth the $32.2 to $34.4 billion of investments
' required to maintain and expand the gas transmission
and storage infrastructure in the U.S.

Achieving A Balanced
Environmental Permitting Process:

The required new gas pipeline and storage infra-
structure will have to be built on existing and new
rights of way and facility sites. Such construction on
occasion may come into conflict with other land
uses or with esthetics and land preservation. It is
important that environmental permitting processes
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play an increasingly important role in the future.

Challenges
To The Supply Sector

In the four cases presented in this report, the produc-

tion of natural gas in the United States grows from

19.7 Tef in 1997 to between 26.2 and 26.3 Tef in
2010. This is an increase of 2.2 or 2.3 percent per
year. This will require an increase in annual gas com-
pletions from an average of about 11,600 in 1995 and
1996 to about 18,000 in 2010. This level of activity

will lead to an increase in annual nominal-dollar

investment in non-associated gas drilling from about
$12.8 billion in 1995/96 to about $26 billion by
2010. The upstream portion of the gas industry faces
several challenges in reaching these projected activi-
ty and production levels:

Realizing Returns That Will
Support Adequate Production:

Just as with the gas pipeline and storage facilities, pro-
ducers will not invest their money in oil and gas pro-
duction without an anticipation of an adequate return
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on their investment. If oil and gas prices are too low or
if the costs of doing business are too high, the
upstream investments anticipated here will be delayed
and the gas markets will grow more slowly.

Gaining Access To Public Land For

2 Oil And Gas Supply Development:

Oil and gas production requires the use of onshore
and offshore land. To the extent that potentially pro-
spective land is not available to producers, the gas
production anticipated here — particularly that in
the eastern Gulf of Mexico and Rockies areas —

~ may not materialize and gas markets might grow

more slowly.

Achieving

Rational Royalty Policies:

Landowners receive bonuses, rents and royalties
from producers for the use of the land for drilling and
production operations and as compensation for the
oil and gas withdrawn. In the case of offshore re-
gions and certain onshore areas, the landowner is the
government. The leasing and royalty policies adopt-
ed by federal and state governments must properly
balance the government’s right to just compensation
with the economic realities of oil and gas business.
Required payments that are too high or unpredictable
due to evolving interpretation of the rules will fore-
stall needed investment.

Advancing

4 E&P Technologies:

Although oil and gas production often is perceived
as an old-line, mature industry, its adoption of a
wide range of new technologies in recent years has
kept the industry at the forefront of technology inno-

vation and dramatically reduced the effects of
resource depletion. The 30 Tcf market goal is not
achievable by 2010 without continued development
and adoption of new technologies to improve drill-
ing success rates, reduce factor costs and improve

production efficiencies.

Challenges
To Market Growth

Natural gas enjoys many advantages in nearly all
energy market segments as a clean-burning, effi-
cient, easily controlled and low-cost fuel. However,
for natural gas to achieve its maximum market.
potential the industry must develop strategies to
meet the following challenges in the competition for
end use markets:

4 Supplying Gas

“*" At Favorable Prices:
Gas competes primarily with coal and fuel oil in
power generation markets and with those primary
fuels and electricity in many residential, commercial
and industrial applications. Gas must continue to be
priced favorably to end-users if gas consﬁmption is

to increase substantially.

- Providing Improving End-Use

- Technologies:
Innovations in gas burning equipment and appliances
must keep pace with customers’ requirements for
better convenience, efficiency, cleanliness and cost. -
A mixture of private investment, cooperative research
and development, and targeted government spending
on gas technologies should allow gas to maintain its

competitive edge.
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Promoting Fuel-Neutral
Air Quality Policies:

. The old regime for environmental regulations was to

set emission limits by type and quantity of fuel input

into powerplants and industrial fuel burning equip-
‘ment. This tended to be economically inefficient and
- was biased against gas, which is inherently cleaner
and, thus often received the most stringent emission
limits. Fuel-neutral, output-based emission standards
under which all fuels must meet similar limits will
bolster the growth of gas demand.

Achieving Regulatory Processes

4 That Foster Competition:

Market competition has reduced the cost of supply-
ing gas to consumers and expanded gas markets.
Further market growth to 30 Tcf must be based on
continued reliance on markets made up of many
players who compete to provide innovative and low

cost products and services. This will require reforms

‘to regulations that do not adequately incorporate

market factors.

The Price Of Failure

The gas industry and its suppliers face significant

challenges to reach the 30 Tcf market, but these chal- -

lenges should be manageable if the demand growth is
steady and anticipated. Regulatory constraints in the
transportation and distribution sectors could impede
business solutions, unless all sectors of the gas indus-
try work together. Not meeting the challenges could
delay or halt the needed pipeline and storage con-
struction and drilling activity. This would constrain
gas supplies, raise gas prices and cause the market for

natural gas to grow more slowly. Prospective users of -
gas will turn to other fuels. Because gas burning -

- equipment typically lasts several decades, this means
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that potential sales will be lost for years to come.




Appendix A: Gas Supplies From The Canadian Atlantic

Introduction

The expansion of the North American gas markets to

more than 36 Tcf will require that new sources of

supply be found, developed and attached to the exist-
ing transmission infrastructure. To illustrate that the

gas resource base is dynamic, this appendix focuses
on supplies from a new area. This new source is the
offshore Atlantic area of Canada. Exhibit A-1 is a
regional map of Atlantic Canada showing the loca-
tion of the Scotian Shelf, Newfoundland Offshore,
and Labrador Offshore areas.

Labrador
(Newfoundland)

Québec

Island Of
Newfound-
land

Exhibit A-1 Regional Map Of Atiantic Canada

Sable Sub-Basin

Legend To
Gas Discovery Areas
ATLANTIC

OCEAN Known Areas
Possible Areas ...
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' Exmbll A-2 Sumvmary Df Oil:And Gas Dlscuv_enes In Oﬁshore .

' Atlantlc Canada

UNDISCOVERED RESOURCES
Offshore Nova Scotia
Exhibit A-4 summarizes published in-
formation on the discovered and undis-

Nova Scotia
; Offshore
. Newfoundland/ o ‘ ' .
* Grand Banks 15 2 17 1,592 4,019
= Labrador - T
0 Shelf 0 5 5 0 4,224

covered oil and gas resources of Off-
shore Nova Scotia. The most recent
estimate of undiscovered potential was
published by the National Energy
Board (NEB) in 1998. The NEB esti-
mates that 654 MMBbls of oil and

1,686 13,997 45

DISCOVERED FIELDS
Offshore Nova Scotia

Discoveries found in Offshore Nova Scotia are pri-
marily gas and NGLs. Initial development is under
way and will include six gas fields discovered be-
tween 1972 and 1985. This development is called the
Sable Offshore Energy Project (SOEP).

As shown in Exhibit A-2, there have been 24 discov-
eries: five oil fields and 19 gas fields. Total volumes
discovered are 5,754 bcf of gas and 188 MMBbls of
liquids. Gas reserves consist of 5,530 bef of non-
associated gas and 224 bef of associated gas. The six
- SOEP fields contain 3,929 bcf of non-associated gas
and 73 MMBDbIs of NGLs. The largest field is Ven-
ture, with 1,521 bcf of reserves.

The SOEP project is under construction and initial
gas production is scheduled for November 1999 from
three fields. The anticipated sales gas rate is 400
MMcfd. Gas will be transported to markets in the
northeastern U.S. and eastern Canada through the
new Maritimes and Northeast Pipeline. Exhibit A-3 is
a map showing the proposed route of the Maritimes
and Northeast Pipeline. After the initial planned pro-
duction rate is established, the other three fields will
be developed as needed to maintain production for a
project life of 20 to 25 years. Project cost for SOEP is
approximately $2 billion, in addition to the $1 billion
for the Maritimes and Northeast Pipeline.
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12,700 bcf of gas remains to be discov-

- ment appears to have been based large-
ly upon earlier assessments published by the Geo-
logical Survey of Canada (GSC).

The 1997 Canadian Gas Potential Committee report
indicates the potential for 8,139 bcf of gas in the
Sable Sub-Basin, which is the portion of the Scotian
Shelf containing the Sable Island gas fields. The

CGPC did not publish an assessment of the other -

areas of the shelf.

The 1983 GSC assessment indicated a new field gas
potential of 23,227 bef for both the Scotian Shelf and
adjoining Georges Bank, which lies to the southwest.

DISCOVERED FIELDS
Offshore Newfoundland

Discoveries in the Offshore Newfoundland (Grand
Banks) area have primarily been oil and associated
gas. There have been 15 oil discoveries and two gas
discoveries. Total volumes discovered are 1,592
MMBBbis of oil, 4,019 bef of gas, and 237 MMBbls
of NGLs. Recoverable gas consists of 500 bcf of
non-associated gas and 3,519 bef of associated gas.

Hibernia Field is the only field whose oil and gas are
classified as proven reserves. Oil production from

this field began in November, 1997. The field was

discovered in 1979 and has reserves of 666 million

barrels of oil and 1,017 bcf of gas. Field production

capacity is 135,000 BOPD. At year-end 1997,

ered on the Scotian Shelf. This assess- -
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Exhibit A-4:

Estlmates 0f Discovered And Undlscovered oil And Gas v

— Nova Scoba Offshore —

-Cru'de
~ MMB

gas Solmhnadr NeL

- St Gumul. "Estab,“Other . Total - Undis-
Report As Of - “Area Prod. . Reserves Discov. Discov.” covered

Cumul. Estab. . Other  Total “Undis- .
Prod.” - Reserves  Discov.

MMB — T —— B

0umul " Estab..‘Other - Total " “Undis-
Prod.: Reserves Discov. - Discov."covered -

Discov. .covered

98NEB  1-1-97 Scot. Shit. 31 13 19 63 654 0 0 5400 5400 12,700 - - = - -
98 NSOPB Scot. Shif. — — — 188" NA — —  — 5755  NA e
(d/scavered only) ' ’
97 CGPG 1-1-94 “Sableonly NMA NA  NA  NA  NA — - - — 4721 8139 - = = - =
94NEB  1-1-93 ScotShf. 6 31 19 56 654 0 0 5400 5400 12,800 e
89 GSC Scot. Shif. —~ — — 10 699 — = — 4110 13930 - - — B 286
83 GSC Scot. Shif. — — — — 453 - = = = 17149% - - = = =
Geo.Bank — — — @ — 1,057 — — — — 5205 B — - =
Total — = - — 1510 - - - -

2827 — = — — =

Abbrevuauons NEB Nanonal Eneroy Board NSOPB Nova Scoua Oﬁshore Petroleum Board CGPG Canaduanvsas Potenual Ctsmmmee . GSC : Geologml
Notes “The: Georges ‘Bank: area IS not mcluded m any of the above ass&ssmems except the 83’ Gsc The NEB mclud" s at wnh other frormer basms nd does n

they presumahty use GSC)

Hibernia Was producing only 16,000 BOPD. Associ-
ated gas was being flared pending the completion of
the gas injection system.

Associated gas from Hibernia is slated for re-injec-
tion and there are no announced plans to market it in
the near future. However, once the gas no longer is
needed for pressure maintenance, a pipeline may be
“built to bring it to market. Two other oil fields likely
will be developed in the near future: Terra Nova and
Whiterose. As with Hibernia, there are no plans to
bring the associated gas to market. Combined oil
production from the three fields is expected to be
350,000 to 400,000 BOPD by the year 2005.

DISCOVERED FIELDS
Labrador Shelf

In the Labrador Shelf area, which is about 1,000 kilo-
meters north of the Grand Banks, there have been five

gas field discoveries. Discovered volumes are 4,224
bef of gas and 123 MMBbDIs of NGLs. All of the gas

is non-associated. There are no known plans to devel-
op these fields, although the large quantity of gas dis-
covered may eventually make the area economic.

UNDISCOVERED RESOURCES
Offshore Newfoundland And
The Labrador Shelf

[Exhibit A-5 summarizes published information on the
discovered and undiscovered oil and gas resources of
Offshore Newfoundland and the Labrador Shelf. The
most recent estimate of undiscovered potential was
published by the NEB in 1998. The NEB estimates
that 5,328 MMBDblIs of oil and 53,850 bef of gas re-
main to be discovered. (These figures include an allo-
cation of part of the NEB “other frontier basins” cate-
gory, based upon the 1983 GSC assessment). The NEB
assessment is largely based upon earlier assessments
by the GSC.

The Newfoundland Offshore Industries Association
(NOIA) recently published their basin level assess-




Exhibit A-5: Estimates Of Discovered And Undiscovered Oil And Gas
. Offshore Newfoundland And The Labrador Shelf — :

Crude Gas ‘NGL
MMB : MMB — - MMB
Cumul. ‘Estab; -Other - Total Undis- Cumul. Estab. - Other . “Total .~ Undis- Cumul. “Estab. . -Other -~ Total ~ Undis-
~ Report AsOf  Area Prod. Reserves Discov. Discov. .covered Prod. . ‘Reserves Discov. - Discov. - covered Prod. *Reserves ‘Discov. Discov. . covered
98 NEB  1-1-97  Jd'Arc+Lab 0 667 912 1579 3,188 0 0 8600 8600 36,200 — - = - -
Other* — — — — 2,139 — — — — 17,650 — - - = -
Total - - — — 5,328 - - — — 53,850 — - = — —
98 NOPB Newfound.0S 0 666 926 1,592 WA 0 1,017 3,002 4,019 N/A 0 111 126 237 NA -
(discovered only)  Labrador Shelf 0 0 0 0 WA 0 0 4224 4,224 N/A 0 0 123 123 NA
Total 0 666 926 1,592 WA 1,017 7226 8,243 /A 0 111 249 360
98 NOIA Newfound.0S 0 666 910 1,576 A 0 1,017 3,002 4019 47,700 - - - - —
Labrador Shetf 0 - 0 0 0 WA 0 0 4224 4224 6,000 - = = = -
Total 0 666 910 1,576 WA 0 1017 7226 8243 53,700 — - - - —
97CGPC 1-1-94 Jeanned'Arc NA  NA  NA 1592 WA — — — 4,019 NA — e -
Labrador Shelf VA NA  NA 0 WA — — — 4,554 N/A — —_ - 4 -
Total NA MR NA O NA NA - — — 8513 NMA —  — — 38 -
94NEB 1-1-93  Jd'Arc+Lab 0 616 912 1528 3,189 0 0 8,700 8,700 36,400 — - - - -
92 GSC Jd'Arc - - — 1506 2,985 - — — 3597 n/a - =  — 109 NA .- .
83 GSC S. Grand Banks 315 3177
£. Newfoundland OS Sheif 7,095 10,237
E. Newfoundland OS Basin 1,698 13,061
Subtotal - Grand Banks 9,108 26,475
Labrador Shelf 843 26,298
Total 9,951 52,773

Abbreviations: _ NEB: National Energy Board » NOPE: Newloundand Offshore Petroleu Board » NOIA: Newlouidland Offshors Industries Assocition + CGPC: Canadian Ges Patential
Committee -+ GSC: Geoloqical Sq;vey'of Canada « Lab:Labrador Shelf-«.Newfound. 0S: Newfoundland.qtfshore * Jd'Arc: Jeanne 0'Arc B_a_sin (portion otv Newtoundiand, offshore) .

Notes: Established.or proven resews represent Hibernia Field only
*Qther includes E Newfoundiand Basin, S Grand Banks, and Maritimes Basins

ments ‘of undiscovered gas resources. NOIA esti-
mates a remaining undiscovered potential of 53,700
bef. Much of this assessment also was based upon
the earlier GSC studies, with exception of a 20 Tcf
reduction for the Labrador Shelf.
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