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Description of the Natural Gas

and Natural Gas Liquids Business
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Hydrocarbon Storage Basics




Key Storage Characteristics
& Terms

Usually though of in terms of base, working

Capacity and total. (Denominated in Bcf)
Deliverability Speed of withdraw and injection.
Number of complete “turns” a facility can
Cycles take.

All of these characteristics are a critical components in valuing
storage assets.




Storage Basics

Why do we store hydrocarbons?

(1) Reliability: hedge on quantity (outages/curtailments).
(2) Risk management. hedge on price (volatility).
(3) Profitability: speculation (profits on market changes).

Generally, the more uncertainty and volatility (price)
a commodity, the greater the need for storage




Natural Gas Storage Cycles

Fundamental purpose of storage is to provide gas during peak
periods (i.e., reliability).
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Attractive Storage Physical Characteristics

Location of facility will define the number of
potential buyers/sellers given their location
and connecting infrastructure

Optionality

Type of facility tells you how quickly you can
Deliverability move the commodity to take advantage, or
hedge, against market uncertainties

Location to important infrastructure defines

Interconnectibility market scope / access

All of these characteristics are a critical part of storage value chain



Optionality

The Gulf of Mexico region accounts for:

* Approximately 30 percent of total U.S. crude oil production;

 Roughly 20 percent of total U.S. natural gas production;

 Almost 15 percent of total U.S. natural gas liquids production;

60 percent of U.S. crude oil imports;

e Over 20 percent of U.S. natural gas (non-pipeline) imports;

* 50 percent of U.S. natural gas liquids imports; and

» 43 percent of the Strategic Petroleum Reserve (“SPR”) storage capacity; and

* Over 45 percent of total U.S. petroleum refining capacity and 62 percent of the
capacity east of the Rockies.




Storage Quick Facts

* Natural gas can be stored for an indefinite period of
time. The exploration, production, and
transportation of natural gas takes time, and the
natural gas that reaches its destination is not
always needed right away, so it is injected into
underground storage facilities.

» There are 57 active underground storage
facilities in the Gulf Coast region, representing 14
percent of the nation’s underground storage
facilities.

 In 2005, the Gulf Coast region had 1.4 Tcf of
natural gas storage capacity. This represents
approximately 17 percent of the nation’s
underground storage capacity.

Note: Gulf Coast states include Louisiana, Texas, Mississippi and Alabama
Source: Energy Information Administration, US Department of Energy. 10




Deliverability

 Most common - - has slower injection/withdrawal rates.
Depleted Reservoirs .« Conversion of a field from production to storage duty takes
advantage of existing wells, gathering systems, and pipeline
connections.

« Usually used only in areas where there are no nearby

depleted reservoirs.
» Single withdraw period (winter) & used to meet peak load

requirements as well.
» Least desirable and most expensive type of natural gas

storage facility.

Aquifers

Very high withdrawal and injection rates.
Base gas requirements are relatively low.
Most salt caverns/domes in US along GOM.
More expensive, but faster and more flexible.

Salt Caverns
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Storage Types and Statistics

Injection Rate Withdraw Rate
Market Pad Gas
Storage Type Share Share
Depleted Reservoir 0.86 50% to 80% 200 250 100 150 1.22 0.91
Aquifer 0.1 50 200 250 100 150 1.22 0.91

Salt Cavern 0.04 20% -30 % 20 40 10 20 1217 6.08




Salt Cavern Basics




What Does A Salt Dome Look Like?

Mot to Scale

Salt Dome Caverns
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How is a Salt Dome Mined for Storage?

Process

The Solution M

ining

Storage

Solution  Compressed
mining  gas displaces  operation
completion brine

Continued
solution

Start of
solution
rining

Drilling
borehole

mining
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Deliverability

Existing Salt Domes

@ MNapoelonville

@® Underground Storage Facilities

Salt Domes

16



Company

Egan Hub Partners, LP

AGL Resources Inc

Ponchartrain Natural Gas/Acadian
Bridgeline Storage Co, LLC
Bridgeline Holdings LP

Liberty Gas Storage, LLC

Bear Creek Storage Company
Gulf South Gas Pipeline Company, LP
Trunkline Gas Company, LLC
CenterPoint Energy - MRT
CenterPoint Energy - MRT

CenterPoint Energy Gas Transmission Co.

Transcontinental Gas Pipeline Corp.
QOuachita River Gas Storage Company
Texaco E&P

Williams Energy Services
Shell Oil Co

Dow Chemical - Promix

Dow Hydrocarbons

Enterprise Products Co

Union Texas Products
Williams Energy Services
TransCanada Gas Proc

Ucar Pipeline Inc

ExxonMobil Co, USA

Star Enterprise

Texaco E&P

Williams Energy Services
Dynegy Midstream Sevices LP
Petrologistics

Louisiana Offshore Qil Port
Strategic Petroleum Reserve
Strategic Petroleum Reserve

Facility Name

Egan Hub
Jefferson Island

Ponchartrain Grand Bayou

Napoleonville Ns-1
Sorrento

Liberty Gas Storage

Bear Creek
Bistineau

East and South Epps

East Unionville
West Unionville
Ruston
Washington
South Downsville
Anse LaButte
Anse LaButte
Ascension
Assumption
Assumption
Breaux Bridge
Choctaw
Choctaw
Napoleonville
Napoleonville
Sorrento
Sorrento
Sorrento

Sulfer Mines
Venice

Sulphur
Clovelly

West Hackberry
Bayou Choctaw

Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Depleted Gas Field
Depleted Gas Field
Depleted Gas Field
Depleted Gas Field
Depleted Gas Field
Depleted Gas Field
Depleted Gas Field
Depleted Gas Field
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome
Salt Dome

Other Types
of Louisiana Underground Storage

Product

Natural gas
Natural gas
Natural gas
Natural gas
Natural gas
Natural gas
Natural gas
Natural gas
Natural gas
Natural gas
Natural gas
Natural gas
Natural gas
Natural gas
Natural gas liquids
Natural gas liquids
Natural gas liquids
Natural gas liquids
Natural gas liquids
Natural gas liquids
Natural gas liquids
Natural gas liquids
Natural gas liquids
Natural gas liquids
Natural gas liquids
Natural gas liquids
Natural gas liquids
Natural gas liquids
Natural gas liquids
Natural gas liquids
Crude Oil

Crude Oil

Crude Oil

Source: Energy Information Administration, U.S. Department of Energy; Federal Energy Regulatory Commission; and PennWell MAPSearch Database.




Pressures Changing Cost and

Value for Hydrocarbon Storage




Factors Changing Hydrocarbon

Storage Development

What are the factors increasing costs and value?

(1) Continued natural gas price volatility — seasonal differentials.
(2) Growth in natural gas usage, particularly power generation.

(3) Basis differentials/regional supply corrections (changing pipe and
production configurations)

(4) Increasing LNG imports requires capacity development
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Pricing Considerations




Daily Henry Hub Prices

(1998-Present)

Continued natural gas price volatility for near term.
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Henry Hub — Houston Ship Channel Spread

Basis differentials can be serious issue during market interruptions.
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Intrinsic and Extrinsic Value in

Natural Gas Storage

Intrinsic Value:  The seasonal valuation of storage.
 Evaluated as the difference between the
two prices in a pair of forward prices.
e Value secured by locking-in a forward
spread, either physically or financially.

Extrinsic Value:  Determined by the ability to profit by the
volatility and uncertainty of prices.



Difference between Intrinsic and Extrinsic

Value of Natural Gas Storage

$7.50 Opportunity for additional value on

January 2004 July-January spread

$7.00 -
contract \
$6.50 A
E
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=
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The intrinsic value of storage is the difference
between the cost of July 2003 gas (here at

$4.50 4 July 2003 contract expiration) and the value of January The cost pfouI;gg?s in
contract 2004 gas sold the same day. storage is fixed after
o contract expiration

Feb-03 Mar-03 Apr-03 May-03 Jun-03 Jul-03 Aug-03 Sep-03 Oct-03 Nov-03 Dec-03

Source: Federal Energy Regulatory Commission and NYMEX.



Power Generation Considerations




Daily Entergy Spot Prices

(2001-Present)

Power generation prices volatile — natural gas driven — cyclical load.

($/MWh)
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Power Generation Impacts

(1) Since the late 1990s, over 225,000 MWs of gas-fired capacity has
come on line.

(2) While construction costs have escalated, still relatively attractive to
other baseload options.

(3) Gas is important transition (?) fuel for carbon policy.
No new coal plants is becoming the norm in most states.
Nuclear takes too long and costs too much — too much
uncertainty.

Carbon sequestration (stack) expensive and inefficient.

(4) Renewables are in KW not in MW — scale issue and regional
limitations.

(5) Large scale hydroelectric facilities very limited and unlikely.
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LNG Considerations




Gulf Coast LNG Terminals

[[] Existing Terminal
‘ Approved Terminal
A Proposed Terminal

: . Pascagoula, MS
(O Potential Terminal

Lake Charles,/LA
Port Arthur l ‘

L N

Sabine Pass, LA 3Cameron
A

Golden Pass \\>)“ ,
Hackberry f

A Main Pass

Freeport, TX A)’ McMoran

Port Lavaca, Tx/

Corpus Christi, TX

Bienville

Vista Del Sol ‘ Gulf Gateway
Ingleside LNG T

Port Pelican (13) 29



Planned LNG Capacity Additions

and Expansions (2007-2010)

Most LNG regasification capacity on line within the next 5 years.

45

O Proposed
40 A
B Current

35 A

30 A

25 -

20 -

Capacity (Bcf/d)

15 -

10 -

2007 2008 2009

Note: New capacity includes terminals that have been approved, or are pending approval.
Source: FERC and various tradepress and company websites

2010 2011
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Constructed Regasification Facilities

Constructed Regasification Facilities

| Canaport, 2008, 1,0 Befd ]

Everetl, 1994, 0.7 Befd |“"_ r

1 NE Galeway. 2008, 0.8 Bold

Cove Poinl, 2003, 0.75 Befd [
2008 Expansion to 1.5 Befd r‘—__—_;..,

Cameron LNG, 2008, 1.5 Befd
2023 Expansion 1o 2635 Soid

Lake Charles, 1994, 1.0 Befd
006 Expansion (o .1 Boid

[Sa bine Pass, 2001028 El:ﬁJJ

Gaolden Pass, 2008, 2.0 Boid
2018 Expansion (0 4.0 Beld

—"Elba Istand 2002, 0.45% Botd
2008 Expansicn to 1.2 Befd
1 2011 Expansion 10 2.4 Beid

[Fre&nnn LWGE, 2009, 1.5 Befd L

Fl:l::l.‘ih'l Arxul, 2008, 1.0 Befd
2011 Expansion o 2.0 Bofd
: Altamira, 2008, 0.5 Bofd
2010 Expansian to 1.0 Bafd
Gulf LNG Energy, 2011, 1 U-ﬂc:rd]

Manzanilo, 2016, 3.75 Boid
2020 Expansion 10 1.5 Boid

[L;’IZQI'G Cardenas, 2019, 0.5 Bowd LR___‘_

~—9

Gl.llf Gateway, 2005, 0.5 Beid I




LNG Supply Curve
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Production &

Transportation Considerations




Bcf
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Kinder Morgan
Rockies Express
1.8 Befd 2008/09
Markwest
| Arkoma Connector
Boardwalk 0.63 Befd 2009

Unconventional Gas Production

... a large amount of new
pipeline capacity is being
built — projects shown

Gulf Crossing \ ~
1.5 Befd 2008 \ fexas Gas total over 20 Bcfd.
o\ ) J Fayetteville Lateral " g
Enterprise MldcﬁmmentEx.press 1 U.EYchd 2009 ) P __Elba =
Sherman Extension 5 Ec"f\d ?Dﬂg CenterPoint—«— 0-3 Befd 2012 - ' i Express
\ NS - 1.2 Befd
1.1 Befd v ' Carthageto .-
Boardwalk Gulf \ Perryville Texas Gas ~ 2010

South East Texas|—_____
to Mississippi
1.7 Befd 2008

\Energy Transfer —
Barnett-Texoma 0.7 Befd 2007

North Paris Loop 0.7 Befd 2008
SE Bossier 0.95 Befd 2008

CenterPoint (SESH)
1.0 Befd 2008,

Enbridge East Texas,, ' ¢
0.7 Befd 2007 Y

JSabine Pass
' & Creole Trail
2.6 Befd 2008

Source: ICF Consulting.
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K. Gulf South, (SEP)

KM Louisiana PL
2.1 Befd 2010

< Cypress
- Express
4~ 0.31 Befd

1.2 Befd 2008 2007

BN
Independence Trail 5

1.0 Befd 2007 Gulfstream Phase 4
0.16 Bﬁfd 2009




Cost Considerations




Recent Acquisition Costs

Eield Name Operator Capacity (Bcf) Defiverability [lkcfd] Purchaser
Date Location CostinMillion $ per Bof Costin 1000z 5 per MMcfd  Purchese Price in Millions §
Flains All Broenoandyidcan Gas
Blu= Water Blus Water a5 Storsqe LLC 24.5 700 Sioraga
Aug-2005 Michican 3102 3367 $250
Lodi {50% Intarast) Lodi Gas Storage 17 200 Arclight Energy Partnars Furnd |
Dec-2005 California 5147 $500 5125
Rreareinng Hoklings and ha
SuMledd, and Countess AECO Hil 125 3,050 Caryls Group
Mlar- 2006 Alberta $9.1 3402 31,500
{1y n |
Wild Goose Wild Goose Storage 24 480 CANe Group
Mar- 2006 Califomia $9.1 $402 iU in atoue pi v
Rivarstons Holdings and the
SaltFlains [Manchesber] Hiska Gas Storage 15 200 Carye Group
blar-2006 Okahoma $9.1 $402 hcluded in above price
Lol &g K ik Hills Lich Gas Storage - Arclichi
Phase 1 Enengy Pariners 225 800 Buckaye Partners
JubZonT _alifomia 5160 313 5428
Adrian (Steuban) Steuban Sas Storage Compary 8.2 &0 Inercy Propane
Sep 2007 MNew Yol 8.7 3650 3104
Thomas Comer OTE Hornheast LLC 57 100 Inercy Propane
Sep 20T Hewr Yo $8.7 3650 houded in abowe price
ERGTOR - Beardrolg
Cakdonia Cakconla Enercy Parners 11.7 330 Renawablog
Pl 00 Migissippl . - UINGnnounG s
Total Projects 262 6.020 32407
Average Cost 100 423

source: INOUE; Al fields above are depleted reservoirs.




Reported Development Costs

Figld HName Cperator Capacity (Bef] Deliverability (MMefd) Figld Type
Costin Millions  Costin 1000s § per Expansion Costin
In Service Date Location per Bef MMcfd Millions 5
Expansions
Petal Salt Dome “etal Gas Slorage (Enterprize PP 2.4 ] Sal Dome
Pdon-2003 Mississippi 55.3 3186 318
Midland - Expansion Texas Gas Transmission g.75 ga Cepleted Resencir
Pdon-2007 Hemtucky 553 2400 334
Lodi as storage - ArcLignt Energy
Kirby H's Phase 2 Fartners 12 100 Ciepleted Resenir
Pon-2003 Cafomia 54 .3 3520 362
Jacksan Prairie Phase § Puget Sound Energy 3.25 300 Aoufer
Pon-2003 ¥Washingion 5128 3140 342
Total Expansion Frojects 24 1,440 3145
Sverage Cost 55.8 3101
Mew Fislds
Pine Praire Energy Center =3 Resgurces Louisiana LLEC 24 2400 Salt Dome
Cit-2003 Louisiana 5108 2108 3280
Port Bame Hobeoat Gas Storaps i2 1,200 calt Dorme
Jet-2008 Louisiana 510.4 3104 3125
old Springs 1 AMNR Pipelineg 14 200 Ciepleted Resenir
Aug-2004 hzhigan 55.5 F3RT 37T
Sacramenio Matural Gas
Shorages Sacrarmenic Natural Gas Storapes .5 200 Cepleted Resenir
Apr-200% Cafomia 54.0 2150 a0
Total Mew Projecis =] 4.000 482
Average Cost 8.6 32123

Source: ICF Consulting.



Conclusions & Outlook
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Forecasted Storage Capacity Growth

'] {'
+ 0 Ueplated
E e 8 fﬂ Reservoir!  Salt ;
Wk Aquif C
ji- |Western Canada quifer Cavern  Total + 59 Uepleted
, Working Gas Capacity (Befl 288 41 400 Reservoir!  Salt
| Daly Davuarab-ty (Befd) 8.0 16 76 Eastern Canada  Aqufer Cavem Total [
L “SIWorking Gas Capasiy .
fdditions 2008 to 2020 (Bef| 33 0 x| ¥eorking Gas Capacity [Bof) 247 0 247
R, Ciaily Defverab ™ty (Bofd) 3.5 0.0 35
R Working Gas Capacity
i OB to 2020 /B 15 0 3 .
+ 120& Depleted Additions 20DE to 2020 (Bcf) 3 0 13 9 -
Reservairf  Salt ! - vl
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Working Gas Capacity (Bef) £.210 1 4 441
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Working Gas Capacity + 4 U."'B Depleted
fions 2006 1o 2020 (Bxf) 229 95 575 . Reservoir!  3alt
Central/Midwest  Aquifer Cavem Total
Working Gas Capacity (Bef) 1334 3 1336
Daily Deliverability (Befd) 28.0 0.1 20.1
+ 1 4 GF'E Fi-iilf:?i:' salt Working Gas Capacity
West Aquifer Cavern Total Additions 2008 to 2020 (Bcf) 54 o 55
Working Gas Capacity (Bef) 491 0 481 0 Depleted
| Daily DetverabTy (Bofd) 4.8 0.0 o.g + 8 -’{} Reservoirl  Salt
Working Gas Capacity East Aquifer Cavern  Tgtal
Additions M08 to 2020 (Bef) i 14 ag
Working Gas Capaciy (Bef) 750 ] 785
Diaity Deliverability (Bcfd) 14.0 0.4 14 .4
Working Gas Capaciy
+ 0 Depleted Additions 2008 to 2020 (Bef) 33 24 B4
24 "I{] Resarvoiri Salt = i
Producing Aquifer Cavern  Total
., Waorking Gas Capaciy (Bef) 1.0 1682 1.203
. Daily Deliverability (Bofd) 13.1 13.9 32.1
Working Gas Capacty
] Additions 2008 1o 2020 (Bcf) 35 256 291

Source: ICF Consulting.



i Forecasted Storage Capacity Growth

[
* 5 Depleted
Reszervoir/  Salt
s US/Canada Total Aquifer Cavern Total
‘ - Working Gas Capacity (Bef) 4 210 231 4,441
LI Craily Deliverakility (Befd) 804 162 S96.5
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Forecasted Production Area

Storage Capacity Growth

Depleted
® Reservoirf Sak

® Prnduging Aquifer Cavern Total

o Working Gas Capacity (Bof) 1,021 132 1,203
Ciaily Deliverability (Bcfd) 18.1 13.9 321
' ‘ Working Gas Capacily
. Additions 2008 1o 2020 (Bef) a5
‘ o [ ] —
@ | Storage Fields By Type

i 281

Fa
UHT

Aquifﬂ:
L ] 0 - 20 Bof

. 21 - 50 BeF
. 51-100 Bel

Depleted Reserveir
L 0 - 20 Bef

.' 21 - 50 Bef

- .shmn Bel

=alt Dome
O .20
21 - 50 Bef

Source: ICF Consulting.



Louisiana Development Issues

(1) Changing production opportunities (Haynesville) will have big
Impact on facility location.

(2) Salt cavern availability.

(3) Cost escalation issues.

(4) Water use issues.

(5) Regulatory and tax issues.
(6) State lands development.

(7) Resource competition for other forms of underground storage
(NGLs, crudes, product, CO2)
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Questions, Comments, & Discussion

dismukes@lsu.edu

www.enrqg.lsu.edu



mailto:dismukes@lsu.edu
http://www.enrg.lsu.edu/
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