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Preface

The INGAA Foundation is an organization of gas pipelines and suppliers to the
natural gas industry. The INGAA Foundation commissioned Foster Associates, Inc. to
prepare this profile of the business and structure of gas storage and market hubs in the
United States and Canada.

This is the third in the Foundation’s series of reports on the structural market
characteristics of the natural gas industry. The first in the series, Profile of Intrastate Gas
Pipelines, was published in 1993. The second report, Profile of Natural Gas Gathering in the
U.S., was published in 1994. Through these reports, the INGAA Foundation hopes to

promote greater understanding of the natural gas industry.






EXECUTIVE SUMMARY

Introduction

New underground natural gas storage and market center hubs have been among the most
dynamic aspects of the evolving North American natural gas markets. These developments stem
from the impacts of FERC Order No. 636, which potentially increased the service value offered
from these facilities. In particular, the Order shifted the responsibility of supply arrangements

to end-use markets and mandated the change to straight fixed-variable rate design.

This report, prepared by Foster Associates on behalf of the INGAA Foundation, examines
~ underground storage and market hub characteristics. We present an inventory of storage projects,
including location, ownership and capacity of existing facilities as well as new and proposed
projects, and discuss the underlying uses and relative benefits and costs. Market hubs are also
discussed, with special attention given to developers, location, services offered, and how these
services relate to other products offered in the market. Two appendices to this report describe
many of the storage projects and market hub projects that are in various stages of development.
Information in these descriptions is based on marketing information provided by developers,

supplemented by publicly available data.

Underground Storage

* About 400 underground storage facilities are currently in operation across the U.S.,
offering 3.5 Tcf of working gas capacity and 70 Bef per day of deliverability. In addition,
10 underground storage facilities are operating in Canada, with working capacity of 440
Bef and deliverability of 7 Bef per day.



*

Market share of U.S. storage by type of owner is summarized on the following table.

STORAGE OWNERSHIP BY COMPANY TYPE

(Percent)
Working Gas Maximum
Capacity Deliverability
Interstate Pipelines 61.2% 51.4%
LDC 29.6% 36.1%

Intrastate Pipelines 6.5% 7.3%
Other a/ 2.7% 5.2%
100.0% 100.0%

a/ Principally independent storage developers and producers.

While interstate pipelines own 61 percent of the U.S. working gas storage capability, they
have contracted the vast majority of storage capacity to their customers, primarily local
distribution companies (LDCs), retaining an average of 13 percent of the 61 percent of

U.S. working gas capacity for operational needs and to provide no-notice service.

LDCs own 30 percent of the U.S. storage capacity, with the largest concentration of
ownership in the East North Central area and in California. Total LDC control of
working gas storage capacity is 83 percent, including their ownership and storage

contracted from interstate pipelines.

Traditionally, LDCs have invested in and contracted for storage capacity primarily to meet
their seasonal and peak day requirements. However, the recent unbundling of services at
the LDC level has resulted in LDCs offering storage on a contract basis to third parties,
both onsystem and offsystem customers. A survey of the largest LDC storage owners
found that those controlling 80 percent of the working gas capacity do offer storage service
to third parties.

Gas storage capacity ownership in Canada differs from that in the U.S. In total, Canadian
producers own 31 percent, distribution companies own 55 percent and pipelines own 14
percent of the total working gas storage capability.
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About 60 new storage facilities in the U.S. are proposed or are in various stages of
devé]opment. If all of these facilities were to be constructed (which is unlikely), they
would add almost 500 Bcf of working gas capacity and about 19 Bef per day of withdrawal
capability, or 14 and 26 percent, respectively, to existing storage capacity and capability.

In Canada, LDCs and producers are the primary developers of new and expanded storage,

with a proposed total of 62 Bcf of working gas or an increase of 14 percent.

Several reasons exist for the current interest in gas storage: (1) improved competitive
positioning of storage services (e.g., impact of shifting to a straight fixed-variable cost
allocation and rate design methodology and unbundling of pipeline services); (2) new
services offered by storage (e.g., market hub services); (3) new market demand potential
(e-g., power generation); (4) potential for market-based rates; (5) development of multi-
use storage facilities; and (6) desire to take advantage of short-term price fluctuations in

gas supply costs.

New gas storage facilities differ in many important respects from traditional storage: (1)
storage developers are now a diverse group, and many are developing storage capacity on
a stand-alone basis, with success based upon its relative economics, rather than as a means
of meeting bundled service requirements; (2) many storage projects are being developed
as joint ventures; (3) several storage projects have requested and obtained FERC’s
permission to offer services at market-based rates; (4) storage providers are advertising
much greater flexibility of services and in many instances these services are "custom-
tailored" to customer specifications; and (5) over 60 percent of new storage deliverability

is being developed in salt dome facilities rather than depleted fields and reservoirs.

Important and desirable storage facility characteristics include the following: (1) relatively
high withdrawal/injection capability and fast turnaround capability; (2) relatively high
volume of working gas as a percentage of total gas (e.g., low cushion gas requirements);

(3) ability to increase reservoir pressure without leaking gas into adjoining formations; (4)



potential of native gas to be used as cushion gas; and (5) location in shallower reservoirs,

thefeby reducing drilling costs.

One important consideration of storage is location, i.e., market area or production area.
Storage location relates closely to how it is used, its ownership and its relative economics.
Production area storage can be used by suppliers to improve operational efficiency by
leveling wellhead production rates and pipeline throughput volumes. Market area storage
is traditionally used to improve market efficiency by meeting peak and seasonal

requirements, resulting in higher load factors for long-haul transmission capacity.

Underground storage capability is spread throughout the U.S., with heavier concentrations
of market area storage in the North Central (West and East) and Middle Atlantic regions,

and production area storage in the West South Central region.

The three types of underground storage facilities are depleted oil and gas fields, aquifers,
and salt caverns. The table below presents several statistical characteristics of the different
storage reservoirs.
GENERAL STATISTICAL CHARACTERISTICS
OF U.S. UNDERGROUND STORAGE

Depleted
Characteristics Fields Aquifers

Number 332 46

Capacity
Working (Bcf) 3,081.2
Maximum Deliverability (Bcf/d) 544
Maximum Injection (Bcf/d) 23.7

Maximum Days to Withdraw a/ 57

Maximum Days to Inject a/
Percentage of Cushion Gas a/

a/  Based on average of all facilities. Major variation exists among facilities. Also, in many
instances, maximum days to withdraw working gas from storage is overstated because
most storage facilities cannot maintain maximum deliverability rates at low inventory
levels.



. The relative economics of storage are complicated by the variety of benefits offered by
stofage on the one hand and the array of rates and associated costs on the other. To an
important extent, the benefits relate to the type of business of the user, as well as the
storage location. Producers/marketers derive benefits from greater field production
efficiency, contractual advantages, and the use of storage as a risk management tool. The
economic value of storage to interstate pipelines is lower today than under a bundled sales
environment; pipelines’ need for storage has been reduced to quantities that support no-
notice service and pipeline operations. Local distribution companies (and end users)
derive the greatest value from storage. Benefits of storage to LDCs include the following:
(1) assistance in meeting seasonal and peak day demands, thereby minimizing firm

- transportation and/or no-notice service requirements; (2) enabling levelized or off-season

gas purchases; and (3) a risk management tool.

* The storage user must weigh the aggregation of the components of storage costs against
the benefits in order to decide if storage is economical. Total storage costs include the
cost of storage itself, fuel costs, costs associated with transportation capacity to and from
storage, and the inventory cost of holding gas in storage. Because of fixed reservation
(deliverability) charges for firm service, the average cost level for high deliverability
storage can be significantly reduced with multiple cycling capability that spreads the
demand charge over greater volumes. In addition, storage costs to meet needle peak
demand (e.g., 10-day service) are higher than the cost of meeting seasonal requirements
(e.g., 100-day service), because the former requires a higher daily contract demand level

for which a monthly reservation charge applies.
Market Hubs

L 2 About 35 major market centers and hubs have sprung up across the U.S. and in Canada.
Few of these existed prior to the implementation of FERC Order No. 636. Those that did
exist were primarily market centers or locations of multiple buyers and sellers in the

producing areas.



Market centers become hubs by offering a greater menu of services, including parking,
loaning, wheeling and title transfer, as well as electronic trading at the hub and between
hubs. While these services are now advertised, they are defined less specifically than other

gas industry services and are evolving as dictated and/or requested by customers.

Hubs are being developed and promoted by various industry participants -- pipelines,
distributors, producers, marketers and independent operators. The services they provide

depend on the hub location and available facilities.

Many hub services are being provided alongside other services being offered by LDCs and
pipelines. To some extent, therefore, these services can be considered as by-products of
the main services offered by these companies. As a result, certain issues have evolved --

firm versus interruptible service obligations, regulatory jurisdiction and revenue sharing.

Two of the more important hub characteristics are the number of pipeline interconnections
(along with associated capacity) and the availability of storage capacity. Hub promoters
generally advertise the number of interconnecting pipelines, directional flow and capacity,
proximity to more important centers (e.g., the Henry Hub) and access to storage. Many
hubs have onsite storage capacity that permits parking or loaning of gas volumes for
various durations of supply or market disruptions. In fact, many traditional and new
storage developers.are advertising themselves as hubs, rather than just providers of

storage.

Hubs post rates for the services they perform; however, competition and the uncertainty
of the value added by hub services have resulted in sharp discounting of these rates at
most hubs. Many industry participants feel that the number of hubs and the services they
offer will be reduced by competitive forces.



L INTRODUCTION

Under contract with the INGAA Foundation, Foster Associates,' Inc., has prepared
this report pertaining to underground gas storage and market hub characteristics. With
respect to underground storage, we first present an inventory of storage projects, including
location, ownership, and capacity of existing storage facilities, and then identify new or
proposed storage facilities, followed by a discussion of uses and relative benefits and costs.
With respect to market hubs, the report focuses on the developers, hub location and service

offerings, and how these products relate to other products offered in the industry.

There are three appendices to this report. Appendix A-1 presents information about
numerous individual storage projects, Appendix A-2 presents selected storage project maps,
Appendix B-1 describes several market hubs, Appendix B-2 presents selected market hub
maps, and Appendix C is a statistical appendix.

! William G. Foster directed the research, assisted by Rebecca Reddick, Eric Smith, David Neal, and
Patricia Bradiey.
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II. UNDERGROUND STORAGE

The use of underground gas storage facilities is almost as old as the development of
long distance transmission lines. Long distance, high pressure transmission lines began
operations in 1891 with the successful construction of two parallel 120-mile, 8-inch diameter
lines from fields in northern Indiana to Chicago.! The first successful gas storage project
was completed in 1915 in Welland County, Ontario. The following year, operations began
in the Zoar field near Buffalo, New York. Today, nearly 400 underground storage facilities
are located in the U.S., with working gas capacity of 3.5 Tcf and maximum daily
deliverability capability of 70 Bef.> In addition, ten underground gas storage facilities
operate in Canada, with working capacity of 440 Bcf and maximum daily deliverability of
7 Bcf.

The ability to store gas and use these supplies when needed improves market
efficiency with respect to both production and transmission, as illustrated by Figures 1 and
2. Figure 1 depicts the uneven U.S. gas load pattern throughout the year created by the
residential/commercial winter heating load swings. Certain northern markets have seasonal

swings that are much more severe.’

! See Economics of Natural Gas in Texas - Stockton, Henshaw énd Groves - 1952,

Total storage capacity consists of working gas and cushion gas. Working gas is the gas that can be
withdrawn, while cushion gas is base gas, sometimes called native gas, that cannot be withdrawn
because it is used to maintain pressure and deliverability rates.

Maximum deliverabilityis the highest achievable one-day withdrawal rate. This maximum is generally
not sustainable during withdrawal of all working gas because most fields lose deliverability as the level
of working gas inventory is reduced. Maximum deliverability can be maintained only if year-round
injections/withdrawals are possible. Because of this limitation and market demand for sustainable
service, new projects are being designed with year-round injections and withdrawals, and existing
storage providers are implementing such services (e.g., Panhandle Eastern’s Flexible Storage Service).

For example, 62 percent of the East North Central gas market is residential/commercialheating load,

compared to 40 percent of the U.S. as a whole. This results in a regional market load factor of only
33 percent in this market, compared to 41 percent nationally.

II-1



FIGURE 1
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Substantial regional market differences in total gas requirements are depicted on the

following table.
Table 1
MARKET REQUIREMENTS
(MMcf/d)
Peak Day a/
Estimated Market
Annual 1993 Load Factor
Region (1993) | (Actual) | Normal | Design (Percent)
New England 1,409 3,048 3,200 3,840 37%
Middle Atlantic 6,049 13833 14,800 16,472 37%
East North Central 10,000 23,001 26,500 30,210 33%
West North Central 3,884 9,716 11,200 12,768 | 30%
South Atlantic - 4,554 8,854 10,300 11,495 40%
East South Central 2,706 5937 6,115 6,715 40%
West South Central 16,737 25,557 28,800 29,952 56%
Rocky Mountain 2,883 5,655 6,956 7,985 36%
Pacific Northwest 1,089 2,441 2,618 2,901 38%
Pacific Southwest 5304 8,997 8,648 9,513 56%
Lower 48 States* 54614 | 107,039 | 119,137 | 131,851 41%

* May not compute due to independent rounding.
a/ Non-coincidental.

Source: Foster Associates, Inc.

Figure 2 illustrates that storage withdrawals are the means by which seasonal peak
requirements are met, as opposed to fluctuations in production and/or imports. Production
occurs at a relatively even pace, either directly meeting market requirements or providing
storage injection gas for future use. Thus, the availability of storage allows producers to
satisfy needs with fewer (drilled) wells.

II-3



FIGURE 2

¥6/0T v6/L v6/v ¥6/T  €6/01 €6/L €6/v €6/1 c6/01 26/l 6y 6/

000" [ 000'0%
‘“ i | ,
000°SY : 000 v
_“ (X¥d) NOLIDNAOYd SVO
00008 _ 2 00008
\\ (LAN) SLYOJdII
000°SS e 000°sS
000°09 00009
00069 00069
0000, 0000L
000°SL 000°SL
00008 00008
. X1ddnS TVIOL
00068 000°68
Ad/ADNIN AQ/AONIN

(v6/21 - 26/T) ATddNS SVO TVINLVN ‘SN

I1-4



Factors that affect whether or not gas reservoirs will make good storage reservoirs

are both geographic and geological. The greater the porosity of the rock, the faster the rate

of injection and withdrawal. The size of the reservoir, the thickness of the gas-bearing rock

stratum and the extent to which the stratum is covered by cap rock are also important

factors.

Specifically, important storage reservoir characteristics include the following:

D)

@

)

4)

Withdrawal/injection capability as a percentage of working gas. From the
perspective of the storage customer, the higher this percentage, the better.
The maximum withdrawal or injection capability depends on the porosity and
permeability of the reservoir. Some other determinants of
withdrawal/injection capability include the quality of the surface and downhole
facility, such as compression horsepower and pipe diameter.!

Working gas as a percentage of total gas. Total gas in storage is comprised

of working gas and cushion gas. Only working gas is withdrawn from storage.
Cushion gas represents an investment cost, and cushion gas as a lower
percentage of total gas is preferable. Depleted gas fields may have natural
gas already present (i.e., native gas), thereby reducing or eliminating the need
for additional cushion gas supplies. Aquifer pools and salt domes require the
purchase of cushion gas, which adds to cost, although the proportion of
cushion gas for salt dome storage is generally less than for aquifers.

Pressure integrity of the reservoir. The ability to increase storage reservoir

pressure without leaking gas into adjoining formations is a desirable
characteristic so that greater quantities of gas can be stored. If the reservoir
is totally surrounded by impermeable rock, overpressuring the reservoir may
be possible without gas breaking out and escaping. Usually, salt caverns can
be overpressured without problems. In contrast, overpressurizing an aquifer
reservoir or depleted gas field with an underlying water column can result in
pushing the gas down to the water zone and permitting escape from the
storage pool.

Composition of native gas. Pipeline quality cushion gas is preferable so that
working gas injected into the reservoir will not be contaminated. If
contamination occurs, then impurities must be removed.

1

Horizontal wells rather than vertical wells can improve injection/withdrawal capability.
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(5) Depth of reservoir. Generally, shallow reservoir depths are preferable
because deeper storage reservoirs require higher drilling costs.

Storage Location

Storage location is a very important consideration. For example, if the reservoir is
not close to existing transmission lines or market areas, the developer may incur greater

- expenses to establish connections with pipelines.

Storage location affects how the facility is used, its ownership and its relative
economics (each of which is discussed below). Storage can generally be classified as either

market area or production area storage.

Production area storage is genmerally utilized to improve efficiency of delivery
capability by leveling wellhead production rates and pipeline throughput volumes. More
recently, production area storage has also been used as a marketing tool, and in conjunction

with market center hubs (see Section III).

Market area storage is traditionally used to improve market efficiency by meeting
peak and seasonal requirements, resulting in higher load factor usage of long-haul
transmission capacity. In addition, market area storage offers other advantages, such as risk

management options.

Underground storage capability is spread throughout the U.S., with heavier
concentrations in the North Central, West South Central and Middle Atlantic regions. The
following table and two maps (Figures 3 and 4) depict the concentration of storage facilities

and capacity across U.S. census regions.
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Table 2
UNDERGROUND GAS STORAGE CAPACITY

" Working Gas Maximum
Capacity Deliverability
Region (Bcf) (Befd)

l New England 0 0
Middle Atlantic 477 8.2
East North Central 1,167 234 "

" West North Central 173 39 |
South Atlantic 185 34
East South Central 161 46 "
West South Central 764 16.7
Rocky Mountain 340 2.6
Pacific Northwest 22 0.6
Pacific Southwest 212 71

TOTAL*

* May not compute due to independent rounding.

Schedule 1 of the Statistical Appendix (Appendix C) presents the inventory of total
U.S. underground storage: the name of the project, state location, operator, type of storage,
and size of storage, including working gas, total capacity, injection and maximum daily
withdrawal capability. Schedule 2 of Appendix C shows similar information for Canadian

storage projects.
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FIGURE 4
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Market area storage is used in various ways, although the primary purpose is to meet
seasonal and peak day requirements. The following table shows the extent to which peak
day requirements are met by storage, pipeline capacity and other means in nine U.S.

regions.!

Table 3

PEAK DAY SUPPLY/DEMAND
(MMciKd)

Net
Pipeline a/ Peak Local Total
Region Capacity Storage Shaving b/ Production

“ New England 2,457 - 2,007 ¢/ - 4,464
l' Middle Atlantic 7,026 8,197 2,656 500 | 183m™

East North Central 16,806 23,356 1,873 s 42,753

West North Central 7.778 4,104 1,802 878 14,562

South Atlantic 6,022 3,400 2,560 231 12,213

East South Central 3,864 4,607 1,140 502 10,113

Rocky Mountain

Pacific Northwest

Pacific Southwest

a/ Net pipeline capacity is gross capacity into a region minus capacity out used to serve other regions.
b/ NG and propaneair.
¢/ IncludesDistrigas LNG.

Source: Foster Associates, Inc.

As shown on Table 3, the proportion of maximum day storage withdrawal to total
peak supply varies across markets, from a high of 55 percent in the East North Central
region to no storage withdrawals in New England. While areas like New England have no
local storage, companies within these areas rely on storage in other areas. However, in

doing so, they have to have pipeline capacity from the storage to the market.

! The Southwest region is not shown because the majority of its storage is classified as production area

storage.
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Ownership

U.S. storage market share by type of owner is presented on the following table.

Table 4

STORAGE OWNERSHIP BY COMPANY TYPE

(Percent)
" Working Gas Maximum
Capacity Deliverability

" Interstate Pipelines 61.2% 51.4%

“ LDCs 29.6% 36.1%
Intrastate Pipelines 6.5% 713%
Other a/ 2.7% 52%

100.0% 100.0%

a/ Principally independent storage developers and producers.

Interstate pipelines own 61 percent of the total working capacity and 51 percent of
maximum deliverability from storage. The largest pipeline owners are CNG, ANR Pipeline,
Columbia and Natural (via working capacity, see Schedule 1 of Appendix C). Interstate
pipelines’ storage operations and rates are regulated by the FERC. As pipelines have
unbundled their services pursuant to Order No. 636, they have contracted the vast majority
of the storage capacity to their customers, primarily LDCs. In turn, LDCs use this storage
to meet system requirements or release or resell such capacity.' Interstate pipelines have
only retained a portion of their storage capacity for operational needs, including system
balancing requirements and the ability to offer no-notice service to customers. In total,
pipelines have retained only 13 percent of their storage capacity for operational purposes.

This percentage is based on a weighted average of retained storage versus pipeline working

! Thus far, there has been only limited capacity release activity in storage capacity, largely because the
concept and practice of unbundled storage is new to the industry. In addition, LDCs are the largest
contractors of storage and they can readily pass through storage capacity costs to their customers
and/or use storage for bundled services (e.g., the direct sales market). To date most releases of firm
transportation capacity have been short-term (e.g., one month). One month of released storage
capacity would have very little value, if any.
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capacity. (Source: Pipeline restructuring orders re FERC Order No. 636 and Schedule 1
of Appendix C.)

Distribution companies comprise the second largest group of storage owners,
controlling about one-third of the U.S. capacity. The largest LDC owners of storage are
Michigan Consolidated Gas, Northern Illinois Gas, Southern California Gas, Consumers
Power and Pacific Gas & Electric (see Schedule 1 of Appendix C). The largest
concentrations of ownership are in the East North Central region and in California. These
percentages, of course, do not include the storage capacity contracted by the LDCs from
interstate pipelines; thus, the total LDC control over U.S. storage capacity is 83 percent
including their own share (30 percent), plus any storage contracted from interstate pipelines
(53 percent).

Traditionally, LDCs invest in and contract for storage capacity primarily to meet
system seasonal and peak day requirements. However, the unbundling of services at the
LDC level has resulted in LDCs also providing contract storage services for third parties --
both onsystem and offsystem customers. Foster Associates surveyed the largest LDCs
owning storage, as part of this study, to determine which offer storage service to onsystem

and/or offsystem customers. The results of this survey are summarized in Table 5.

The surveyed LDCs own about 85 percent of the LDC-owned storage capacity in the
U.S. Of the companies surveyed, those controlling over 80 percent of working gas capacity
offer storage service on a contract basis to third parties, and most of these companies (again
by capacity) offer such service to onsystem and offsystem customers. Most of the LDCs that

offer storage service do so on both a firm and interruptible basis.

Intrastate pipelines also own storage, primarily in the producing states of Texas and
Oklahoma. In certain instances, these companies are affiliated with electric and gas utilities
operating within the state and regulated by state public service commissions. For example,
if a Texas intrastate pipeline provides sales service to LDCs, then the company is regulated
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by the Texas Railroad Commission. In Oklahoma, intrastate pipelines are generally
regulated by the Oklahoma Corporation Commission.

Table 5
RESULTS OF SURVEY
OF LDCs OFFERING STORAGE SERVICES
TO THIRD PARTIES
(as of April 1995)
LDCs Yes No "
Arkansas Western None offered
Citizens Gas & Coke Utility None offered

Consumers Power Existing contracts *

East Ohio Gas None offered
Hlinois Power None offered II
Indiana Gas None offered
Lone Star On-system

Louisville Gas & Electric None offered
Michigan Consolidated Gas On-&-Off System*

Montana Power On-&-Off System*

Northern Illinois Gas On-&-Off System **

ONG None offered ***
Peoples Gas Light & Coke On-System*

Peoples Natural Gas On-System*

mpany provides

Service.

Pacific Gas & Electric On-&-Off System*
Public Service of Colorado Program on hold
Southern California Gas On-&-Off System*

** Company provides firm service for on-system customers.

b ONG has offered such services in the past.

In addition to pipeline and LDC owners, other parties own storage, primarily
producers and independent storage developers. Producer-owned storage, generally located

in the Southwest, is used to enhance delivery capability and as a marketing tool.
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Independent storage companies have grown and continue to develop gas storage projects

as an attractive investment opportunity.

Gas storage ownership in Canada is different than in the U.S. The gas pipelines
generally do not own a large share of the storage. Rather, producers (e.g., AEC and
Amoco) own the majority of the storage capacity in producing areas and distribution
companies (particularly Union and Consumers) own the storage in market areas. In total,
Canadian producers own 31 percent, distribution companies own 55 percent, and pipelines

own 14 percent of total working capacity (see Schedule 2 of Appendix C).

New Storage Development

About 60 new storage facilities are proposed or are in various stages of development.
These projects are listed in Schedule 3 of Appendix C, together with location, type of
storage and announced capacity or additions. (These projects are not listed in Schedule 1
of Appendix C unless they are currently operational.) If all of these facilities were to be
constructed, they would add almost 500 Bef of working gas capacity, and about 19 Bef per
day of withdrawal capability. These additions would raise existing working capacity and
withdrawal capability by 14 percent and 26 percent, respectively. Total investment in the
projects would be in the order of $2 billion.

Proposed storage capacity expansions in Canada total 62 Bcf of working gas,
representing an increase of 14 percent (see Schedule 4).! LDCs (e.g., Canadian Western
and Union) and producers (e.g., AEC and Amoco) are the primary developers of new or
expanded storage. There has been a large increase in producer developer storage since
1992 due to increasing demand for Canadian gas in both the United States and in Canada

and the increase in export capacity from Canada to the United States.

! Similar to the U.S., the proposed increase in deliverability (32 percent) in Canada is higher than the
increase in working gas capacity.
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Reasons for this current interest in storage include the following:

L 4 Improved competitive positioning of storage service, resulting from pipelines
shifting to a straight fixed-variable cost allocation and rate design
methodology;

L 2 Required unbundling of pipeline services, allowing creation of competitive
stand-alone storage services;

¢ New services facilitated by storage, particularly market hub and market center
services;

4 Greater demand for supply reliability, stems (in part) from the shift in supply
responsibility to LDCs and end users;

¢ New market demand potential (e.g., power generation via combined cycle
units), requiring quicker capacity response;

¢ Potential for market-based rates;
2 Development of multi-use storage facilities;

L 4 Need to resolve receipt/delivery imbalances more quickly to avoid penalties;
and

¢ Desire to take advantage of short-term price swings.

Many new services facilitated by storage can be characterized as short-term services.!
These include (1) system balancing -- daily and/or monthly reconciliation of nominations
and deliveries between buyers and sellers; (2) emergency backup -- use of storage gas as
backup source of supply in case of production failure or non-delivery, (3) no-notice service -
- to ensure delivery of the difference between customer’s daily nominations and the actual
requirements on that day, and (4) price hedging -- the use of storage to hedge seasonal or

short-term price period differentials. These services require substantially more operational

! Storage facilitiesmay be classified as seasonal reservoirs and/or high deliverabilitysites. Seasonalsites
are designed to be filled over most of non-heating season (April - October), with withdrawal during
most of the winter heating season (November - March). High deliverability sites are situated to
provide rapid withdrawal rates or rebuilding of inventory in response to peak demands, emergency
backup and/or system load balancing. High deliverability sites can be drawn down in 10-20 days and
generally refilled in 30-40 days or less.
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flexibilities than traditional seasonal storage programs, such as the ability to inject and"

withdraw gas on a continuing basis throughout the year and the ability to withdraw large

quantities of gas quickly to respond to surges in demand or to replace lost production.

To provide a more detailed picture of new storage development, Appendix A-1 to

this report includes descriptions of 32 geographically dispersed storage facilities. Some of

the projects are in operation while others are in various stages of development. Maps

depicting facility locations and accessible transmission lines are provided (see Appendix A-2)

for many of these projects. Wherever possible, the report has used actual marketing

information provided by the storage developers for project summaries.’

The new storage facilities differ in many important respects from traditional storage:

¢

Storage developers are a diverse group, and most are developing storage
capacity on a stand-alone basis with success based upon the capacity’s own
relative economics, rather than as a means of meeting a bundled service
requirement. Developers of new projects includes LDCs, pipelines,
producers, marketers, and independent companies.” Most developers of U.S.
projects are generally U.S. companies; however, Canadian companies (e.g.,
Union and TransCanada) are also investing in U.S. storage projects. In some
instances, producers’ interest in storage stems from their ownership of
depleted resources. Others are interested in storage in order to provide

market hub services. For example, Tejas Power recently formed Market Hub

! The information on storage projects (and market hubs) was collected over the first half of 1995. The |
dynamics of these projects are such that ownership, regulatory status, rates, proposed services and
other characteristics are likely to change beyond the mid-1995 period.

Examples of each type of owner include:

LDCs: MichCon, CMS, NYSEG, Union

Pipelines: Enron, Panhandle Eastern/TETCO, CNG, Williams, CIG, NFGS, Questar, ANR Pipeline
Producers/Marketers: Chevron, Entre, Natural Gas Clearinghouse, Hamilton, Equitable Resources

Others: Tejas Power, HNG Storage, McFarland, Makowski, Midwest Gas Storage
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Partners (other partners are New Jersey Resources, Miami Valley Leasing,
NIPSCO, and Public Service Electric & Gas) to develop storage and market
hubs jointly. This joint development includes current several projects already
involving affiliates of Tejas: Moss Bluff, Egan, MS-1, NE-1, and the Grands
Lacs market center. In addition to high deliverability storage services, these

projects will offer cash market trading, title transfers, and other hub services.

Many storage projects are being developed as joint ventures, in which
partners generally seek a stand-alone investment opportunity or usage to
supplement natural gas businesses (e.g., meeting system requirements and/or
as a marketing tool). Examples of joint ventures are Avoca and Cayuta,
Washington 10, MS-1, NE-1, Egan, Moss Bluff, Riverside, and Thomas

Corners.

S_éveral storage projects that are under FERC jurisdiction either as interstate
pipelines or subject to Section 311 regulations have requested and obtained
FERC permission for market-based rates. These include Richfield (Kansas),
Transok (Oklahoma), Petal (Mississippi), Bay Gas (Alabama), Ouachita River
(Louisiana) and Avoca (New York).!

Storage providers are advertising much greater flexibility in services, and in
many instances these services are "custom-tailored" to customer specifications.
Services include year-round injection and withdrawal capability, greater
response time (e.g., less than one-hour notice), much greater withdrawal
capability (e.g., 10-day withdrawal), multiple-cycling (up to 10 to 12 times per
year), and a menu of hub services (e.g., parking, loaning, title transfer and
wheeling).

1

Other storage projects with pending requests for market-based rates include Thomas Corners, Enron
(Napoleonville, Louisiana), Entre Energy (Offshore LA), Llano (New Mexico), and Northern Natural
(Kansas and Iowa). FERC has denied requests by ANR Pipeline (Michigan) and MichCon
(Michigan).
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To an important extent, these new storage services stem from the nature of salt dome
facilities, where about 60 percent of the new storage deliverability is located. The balance
of capacity is generally being developed in depleted fields, and only minor increases are
planned in aquifer facilities. As discussed below, in many instances the salt dome caverns

offer major operational advantages over the other types of storage.

Types of Storage and Characteristics of Each

The three types of storage are depleted oil and gas fields, aquifers, and salt caverns.
These types of facilities have different capabilities and characteristics. The following figure

illustrates the various types of storage.

Table 6 summarizes several statistical characteristics of the different storage types.

Following this table are specific discussions related to each.

Table 6

GENERAL STATISTICAL CHARACTERISTICS
OF U.S. UNDERGROUND STORAGE

Depleted
Fields Aquifers

332

3,081.2
Maximum Deliverability (Bef/d) 54.4
Maximum Injection (Bef/d) 237

Maximum Days to Withdraw a/ 57

Maximum Days to Inject a/ 130

Percentage of Cushion Gas a/

a/ Based on average of all facilities. Major variation exists among facilities. Also, in many instances, maximum days
to withdraw working gas from storage is overstated becausc most storage facilities cannot maintain maximum
deliverability rates at low inventory levels.
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Depleted Oil and Gas Fields

By far, the largest proportion of existing underground storage is in depleted oil and
gas fields, which account for 88 percent of working capacity and 77 percent of current
deliverability.

Developed oil and gas fields used for underground storage are gas pools or "traps"
filled with gas. All traps consist of porous rock, sealed overhead by an impermeable rock
layer called "cap rock," and sealed laterally either by impermeable rock, structural closure

or a water contact. The trap may or may not have a bottom seal.

Depleted oil and gas reservoirs are the most commonly used underground storage
sites because of their wide availability. These reservoirs use the pressure of stored gas, in
some cases assisted by water infiltration pressure, to drive withdrawal operations. Daily
deliverability rates from depleted fields vary widely because of differences in the surface
facilities, base gas levels and the flow characteristics of each reservoir. In order to use
abandoned gas reservoirs for storage, one or more wells used for extraction may be used
to inject gas. As with extraction, the more porous the rock, the faster the rate of injection

can be, but as pressure builds up in the reservoir, the rate of injection slows down.

Depleted fields have an advantage in that large working gas capacity makes them
useful for meeting seasonal requirements, and may allow gas cost savings via offseason
purchases. In addition, depleted gas fields have native gas present that can be used as base
gas. Base gas requirements can be as low as 20 percent, but average slightly over 50

percent.

High deliverability can be achieved in a depleted oil and gas reservoir if the reservoir
rock has high porosity and permeability (allowing a rapid flow of gas) and the reservoir has
sufficient base gas pressure to maximize withdrawals. In general, however, storage

withdrawal capability in depleted fields is lower and the cycling capability is generally longer
11-20



in duration relative to capabilities of salt caverns. Horizontal drilling techniques are now
being used to develop storage capabilities of newly depleted fields’ facilities as well as to

enhance withdrawal capabilities of existing storage fields.
Aquifers

An aquifer is a porous and permeable geological formation that contains water under
pressure. Approximately 9 percent of total underground gas storage capacity is of this type.
Aquifer storage is similar to structural trap storage. The only difference is that gas is
originally present in the structural trap storage, but not in aquifers. Gas is injected at high
pressure into an aquifer via wells and displaces water from the top of the structure. Once
an aquifer is filled with gas, the gas/water contact stabilizes at that level. At this point, a
portion of the gas can be withdrawn for storage use, although base gas (or cushion) must
be left in the structure to prevent water from refilling the reservoir. Gas loss and water

~contamination are common problems with aquifer storage.

A large portion of U.S. aquifer storage capability is located in Indiana and Illinois.
While aquifer storage reservoirs are typically high capacity, the cushion gas requirements
are also high, averaging about 72 percent of total gas in the reservoir. In addition,
withdrawal capability is about the same as depleted fields (i.e., depletion generally takes a

full winter season).

Aquifer sites are usually used as storage reservoirs-only when depleted producing
Teservoirs are not available. Aquifer storage facilities can be costly to build, and they must
be managed according to carefully defined injection and withdrawal schedules. Several
reasons tend to limit development of aquifer storage sites: (1) about four years are needed
to explore, test and prepare the site -- completely new equipment must be installed,
including well pipes, dehydration facilities and compressor operations; (2) no native gas is
present in an aquifer formation, thus base or cushion gas must be injected into the reservoir

to build and maintain pressure; and (3) the Environmental Protection Agency (EPA) has
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issued new regulations that tightly restrict future development of aquifer storage facilities

in an effort to avoid potential contamination of available water supplies.
Salt Caverns

Salt cavern storage pools are developed in thick salt formations (beds or domes) by
using water as a solvent to mine a cavern out of salt. Only about 3 percent of existing
working gas capacity and 12 percent of deliverability are attributable to salt caverns.
However, a larger proportion of the planned new storage is in salt caverns -- about one-
third of the new working capacity and two-thirds of the new deliverability.

Promoters of salt cavern projects identify the following service features:
2 Provide peaking service to meet needle peaks;
L 4 Provide gas supply to replace lost production due to weather-related outages;

¢ Provide short-term balancing of load swings to avoid pipeline imbalance

penalties; and

L 4 Provide spot gas purchase strategies including off-peak and weekend
injections followed by peak/weekday withdrawals and monthly or daily spot
hedging. .

Salt domes have unique properties that make them ideal for gas storage, including
(1) structural strength, permitting large caverns to be constructed, (2) virtual impermeability
to liquids and gaseous hydrocarbons, thus ensuring that stored products cannot escape
through the salt, (3) behavior similar to plastic, allowing domes to close and seal fractures

that might occur, and (4) easy mining by water.
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Both salt bed and dome storage are prepared by injecting water (leaching) into the
salt cavern to create or reshape the cavern. Due to this development process, salt cavern
formations are the most costly of the three types of facilities to construct. Because they are
susceptible to cavern wall deterioration over time and to salt movement closure, high
workover costs may be incurred, as well as additional expenses for special equipment on

site.

On the other hand, deliverability rates are high because salt formation reservoirs are
essentially high pressure storage vessels. In addition, operators have the ability to shift
between injections and withdrawals within a short period. Thus, salt cavern storage (1)
generally provides an ideal means of daily and monthly balancing, and (2) permits coverage
of a large supply outage for as long as five to ten days until other supplies can be purchased
and transported during a period of sustained gas demand. Base gas requirements are
generally low, around 30 percent, and even some of this gas can be withdrawn in an
emergency. Salt cavern formations are also capable of multiple cycling of inventories, in
comparison to the typical one-year cycling for depleted oil and gas fields and aquifer
storage. However, the relatively low working capacity does not make salt caverns the most
suitable type of storage for seasonal load use. |

Most salt cavern storage is designed for rapid cycling: an operator can change from
injection to withdrawal mode and vice versa within half an hour. Most new salt cavern
installations are designed for 10 to 20 day service, permitting the working gas to be
withdrawn in this period. The combination of this withdrawal capability and the necessary
compression to replenish the field in a short period allows working gas volumes to be cycled
monthly.! Deliverabilities can be as high as 300-500 MMcf per day from a single cavern
with 3 to 5 Bef of working gas capacity.

! While maximum cycling capability of this degree is advertised, such ability has yet to be proven useful to
users.
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Another advantage of salt cavern storage is that it can be developed in phases.
Because of the time needed to construct caverns and market the capacity, most companies

prefer to develop and operate one cavern at a time.

Economics of Storage

The economics of using storage are determined by its relative costs and benefits. An
analysis of the relative economics must consider, on the one hand, the variety of benefits
offered by different storage uses and, on the other, the array of rates and other costs (such

as associated transportation) of contracting and using storage.

For convenience, this discussion is organized by industry segments --
producers/marketers, pipelines, and LDCs. To an important extent, the usage of storage,
and therefore the benefits, relate to the type of business of the user, as well as the storage
location. The fact that a large share of producer/marketer storage is located in upstream
producing areas, while a large share of the LDC storage is located downstream in the
market area, is not coincidental.' Pipelines own or offer storage capacity in both upstream

and downstream markets because of traditional benefits to users in both locations.

Producers/Marketers

Producers/marketers, as users, derive benefits from storage as the result of greater
field production efficiency, contractual advantages, and its use as a risk management tool.
A primary storage benefit to producers is the reduction in wellhead production costs.
Producers can operate at a relatively constant production rate year-round, with gas

produced during the offseason being injected into storage. If storage were not available,

! Notwithstanding this general relationship, there are increasing exceptions: producer/marketers are

contracting for market area storage and LDCs are contracting for producing area storage.
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seasonal demand peaks would have to be met by greater production deliverability, resulting

in higher wellhead drilling costs. This might also result in lower field efficiency.

Figures 1 and 2 presented earlier exemplify this situation. Over the past two years,
U.S. summer base load monthly demand averaged only about 47 Bcf per day, compared
with the coldest month’s average demand of over 80 Bcf per day. Because of storage,
monthly variation in production is much lower. In other words, the U.S. has a relatively
high utilization of production wells. Offseason minimum monthly production is 49 Bcf per
day, compared with maximum (monthly) producibility of 53 Bef per day. Productive well
deliverability would need to be 51 percent higher if storage were not available in order to

meet U.S. maximum monthly requirements.

While wellhead cost savings represent the most important benefit offered by
production area storage, other efficiency gains accrue. Gas fields can be developed in a
manner to maximize overall production, rather than to meet seasonal (or peak day)
requirements. In addition, revenues might be enhanced as a result of scheduling field
development to meet high load factor market requirements, as opposed to low load factor
markets (e.g., seasonal heating load). Further, revenues from natural gas byproducts (such

as natural gas liquids) can be generated more quickly and on a more constant basis.

Producers/marketers can also use storage as a management tool to minimize risk.
For example, daily capacity nominations have to be balanced with the deliveries at both
ends of the pipe. If producers’ deliveries fall short of nominations, this can be made up by
storage withdrawal. As a result, producers and/or transporters minimize the risk of
imbalance penalties. This, of course, is only possible if there are flexible delivery points and
flexibility in storage withdrawals and injections (e.g., rapid switching from injections to

withdrawals and vice versa).

Furthermore, producers/marketers can use storage in case of disruption of deliveries

to the market (e.g., pipeline failure). Here, storage injection would be preferable to
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shutting-in production or selling supplies at depressed prices. Again, in order for storage
to be used in this way, rapid switching from injection to withdrawal and vice versa is

required.

Storage also assists in gas marketing because a producer/marketer may possibly
obtain better options on when and how to sell gas. As an example, a producer/marketer
can inject gas into storage in order to be in a better position to obtain a higher price in the
future. This use might require the availability of multiple cycling capability and/or quick

injection and withdrawal turnaround capability.

Because of storage, a producer/marketer may be in a position to offer better contract
terms. Certain contractual provisions might create market advantages and/or higher prices.
A producer may be able to aggregate supplies and/or provide higher deliverability. Further,
since storage enhances supply security (in that stored gas has already been produced), a
producer/marketer can guarantee delivery with less concern about incurring performance
penalties. A producer/marketer with storage as a backstop can also assure deliverability,
thereby helping to justify reservation charges. And lastly, a seller can use gas in storage to
guarantee a stable price for a season by using storage gas as a physical hedge against rising

Pprices.
Pipelines

While interstate pipelines own a large share of U.S. storage capability, since FERC
Order No. 636 pipeline uses of storage have been reduced to quantities supporting no-notice
service and pipeline operations. In fact, the vast majority of the pipeline storage (some 87
percent) has been contracted to the pipelines’ customers, primarily LDCs. These customers

have full tariff rights to use the storage, as well as to release it if it is not needed.

The cost of storage retained and used by interstate pipelines for operational purposes

or providing no-notice service is generally embedded in the pipeline’s cost of service-based
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transportation rates. Pipelines that sell storage capacity have a separate unbundled storage
rate filed with the FERC. In a number of instances, the no-notice service rate is either a
stand-alone rate, or it is embedded with the FT rate as a NNFT rate. In either event, the
additional no-notice cost is quite often the pipeline’s reservation charge for its storage

service.

Intrastate pipelines only own 6 percent of U.S. storage capacity. These companies
are primarily located in Texas, subject to the Railroad Commission’s jurisdiction. The vast
majority of this capacity is used to inject and withdraw company-owned or market affiliate
gas supplies; however, a few intrastate pipelines contract storage to third-party marketers,

producers and/or end-users.
Local Distribution Companies
Local distribution companies (LDCs) probably derive the greatest value from
storage.! These companies own a large share of storage (about one-third), particularly in
the Midwest and on the West Coast, and they contract for the vast majority of storage
owned by pipelines.

The benefits of storage to LDCs include the following:

¢ Assist in meeting seasonal and peak day demands, thereby minimizing firm
transportation and/or no-notice costs;

¢ Permit offseason gas purchases

¢ Offer a risk management tool.

! While this discussion focuses on the advantages of storage to LDCs, many of these advantages also
directly accrue to end-users in downstream markets. :
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Ilustrative Savings from Storage

As discussed previously, many gas markets exhibit extreme seasonal variations in
demand as a result of heating load. Satisfying these peaks with only pipeline capacity could
be quite expensive, especially under a straight fixed-variable cost allocation and rate design
methodology. To illustrate, let us assume a pipeline firm transportation reservation charge
of $11 per Mcf per month and a market load factor of only 35 percent. The annual average
transportation cost per Mcf would be $1.03 per Mcf.! If an LDC owns storage or can
contract for storage (at the city gate), then the company can use its firm pipeline capacity
at a higher utilization rate throughout the year by injecting gas into storage during the non-
heating season and withdrawing it from storage when needed to meet peak requirements
during the heating season. To continue the above example, if the use of storage enabled
the LDC to use its pipeline capacity at 100 percent load factor, its average annual
transportation rate would be reduced to only $0.36 per Mcf. To some extent, of course, this

transportation cost savings would be offset by the cost of storage, as explained below.

Figure 5 is a hypothetical load duration curve illustrating the use of storage to
. minimize these costs. The load duration curve depicts the LDC’s requirements, arrayed
from the coldest to the warmest day of the year. The highest requirement on the system
is the design peak day, while the lowest requirement is the base load year-round

requirement.

' This example excludes variable costs, such as commodity rates and fuel. The average reservation

charge at the given load factor is calculated as $11 divided by 30.4166 days divided by .35.
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FIGURE 5

HYPOTHETICAL LOAD DURATION CURVE

STORAGE
INJECTION

PIPELINE CAPACITY

STORAGE WITHDRAWALS

N

LNG / PROPANE AIR SUPPLY

KX XD

Oseseqere! 0
25T RRHXHIIHKRKKS

R RERAEKERN

; 3

& . S 3 3 m
X 0000000000000000000000“ ) ) X % 3 m

KRR QKK X y N 8 : 3 6

'
R %
o

<——DESIGN DAY PEAK

2
00 e 0t OO 00T e et R 00 IO 09300

>

1NOAN3S NOIS3Q >

DAY OF YEAR

I1-29



Pipeline capacity is labeled as a horizontal line. Storage withdrawal capability is
represented by the checkered area, as labeled;' and the lightly shaded dotted area is the
needle peak supply (e.g., propane air or LNG, as labeled). In order to minimize firm
transportation costs to the greatest degree possible, capacity must be used at 100 percent
load factor. For this to occur, the area depicted as storage injection plus interruptible load
must equal the area labeled as storage withdrawals plus LNG/propane air supply (e.g.,

needle peaking).?

As stated earlier, storage capacity can also be used to manage purchases of offsystem
gas at a Jower summer price, relative to winter prices. In today’s market, the majority of
LDC gas supply portfolios are geared to spot prices, either as direct spot purchases per se
or through firm contract prices tied to spot price indices.

Summer spot gas prices have historically been lower than those experienced in the
winter, except for the 1994-1995 winter. The following compares the third quarter U.S.
average spot price per Mcf with the average spot price for the first quarter of the following
year.?

3Q91 vs. 1Q92: $1.19 vs. $1.28 per Mcf (plus $.09)

3Q92 vs. 1Q93: $1.72 vs. $1.81 per Mcf (plus $.09)

3Q93 vs. 1Q94: $2.02 vs. $2.14 per Mcf (plus $.12)

3Q94 vs. 1Q95: $1.64 vs. $1.40 per Mcf (minus $.24)

! Many LDCs are concerned about storage deliverability during the latter half of the heating season,
because many seasonal storage facilities are unable to maintain maximum deliverability throughout
the heating season. The lower the inventory level and the lower the reservoir pressure results in lower
deliverability. This is referred to as ratcheting. Many new storage facilities, and some old ones, are
advertising constant deliverability (e.g., non-ratcheting). Examples of this are described in a number
of the new storage projects included in Appendix A to this report. Non-ratcheting generally requires
quick turnaround of injection and withdrawal and vice versa, which is an advantage offered by salt
dome facilities.

> This assumed the LDC has an IT market. If not, then storage injection must equal storage withdrawal
plus needle peak supplies.

Source: Natural Gas Intelligence
I1-30



Assuming that historical seasonal price patterns prevail in the future, then potential
cost savings resulting from the use of storage may also prevail, although these savings are
probably not sufficient to offset the overall storage cost. In addition, as new and expanded
storage capacity comes on line, along with the continued growth of high load demands, (e.g.,

power generation demand) the seasonal price differential may narrow.

The last benefit of storage for LDCs discussed here is its use as a risk management
tool. Under FERC Order No. 636, gas supply management responsibility was shifted to the
distributors. As a result, the value of storage to LDCs has increased. First of all, shippers
must balance nominations and deliveries on a daily and monthly basis within a specified
tolerance level or face imbalance penalties.! This balancing issue is crucial, given the
unpredictability of weather and demand in many markets, the fact that nominations
generally have to be made one day in advance, and the level of imbalance penalties on
interstate pipelines. Daily imbalance penalties are generally equal to pipeline IT rates.
Monthly imbalance penalties typically require volumetric makeup or reduction (in-kind
provisions) or payment as a fraction or multiple of spot prices (cash out provisions), while

overrun charges are typically in the $15 to $25 per Mcf range.

As with seasonal gas purchase savings, avoidance of imbalance penalties alone would
probably not justify contracting for firm storage, particularly since many LDCs have some
no-notice service from pipelines. In addition, short-term storage with the ability to turn

around injection and withdrawal quickly is generally required to assist in avoiding penalties.

Another gas supply management use of storage is as an emergency supply backup
in case of a supply disruption. Depending on the severity and duration of disruptions, LDCs
use short-term storage and seasonal storage for this purpose. Short-term storage has the

advantages of being available more quickly (e.g., greater turnaround capability) and

! An exception occurs where the LDC has contracted no-notice service,
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providing higher deliverability levels. Seasonal storage allows emergency supplies for a
longer duration but at a lower deliverability level. In addition, seasonal storage is still
potentially affected by downward ratcheting of deliverability capability at lower inventory
levels. This may also be true for short-term storage if injections cannot be made. In any
event, the storage facilities have to be located downstream of the supply disruption in order

for storage to be effective.
Cost of Storage

The above discussion addresses the benefits of storage; however, storage does not
come without costs. Besides the storage cost itself, users must evaluate other cost
components, including fuel costs, costs associated with transportation capacity to and from

storage, and inventory cost of holding gas in storage.
Typical storage rates include several components:!

Reservation (or deliverability) charge
Space (or capacity) charge

Injection and withdrawal charges
Fuel use charges

Surcharges (as applicable)

L K R K

We have chosen a new enhanced service offered by one storage company’ to
illustrate an actual storage cost.> This company has about 7 Bef of available capacity. The
enhanced storage service being profiled provides for 10 to 126 days of firm delivery

Many new storage operators also require customers to supply their own cushion gas, which will add
to the inventory cost. Otherwise, cushion gas cost is embedded in the storage provider’s rates.

2 ANR Storage.
Many existing storage operators are enhancing their services in order to compete in today’s

environment. Enhancements include year-round injections and withdrawals, shorter notice periods,
and non-ratcheting features.
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capability.! The delivery point of this service is either near Kalkaska or Deward, Michigan.

The service would be available year-round and subject to a three-hour notice period.

FERC-approved maximum rates for this company are:

Deliverability $2.39997/Mcf/mo.
Capacity $0.02449/Mcf/mo.
Injection & Withdrawal  $0.00804/Mcf
Fuel -- Injection 1.3%

-- Withdrawal 0.2%
ACA Surcharge $0.0024/Mcf

The average storage unit costs to a customer using these rates are depicted in Figure
6. These average cost levels are for single and multiple cycles, the latter of which allows
the demand charges to be spread over greater volumes. The average storage costs for single

and maximum cycling during the year are compared on the following table.

Table 7

COST OF SERVICE
(ANNUAL BASED ON 100% UTILIZATION)

Average Storage Cost
($/Mch)

Single Maximum

Cycle Cycle

$3.19 $0.31
$1.27 $0.36
$0.89 $0.51
$0.60 $0.43
$0.54 $0.44

! Maximum day withdrawal drops to 70 percent of contract quantity when inventory falls to 20 percent

of capacity, and to 40 percent of contract quantity when inventory drops to 10 percent of capacity for
31 to 126 day service. There is no rachet for 10 to 30 day service.
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lllustrative Storage Cost Curve

Average Annual Cost of Storage per Dth

FIGURE 6
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Table 7 shows averages for various levels of service from a needle peaking service
of 10 days to a seasonal service of 126 days. For a given working gas capacity, the lower
the days of withdrawing the capacity, the higher the daily contract demand (DCQ) levels.
Since storage rates generally have a reservation (deliverability) charge applied to the DCQ,
there is a higher cost for greater levels of service (e.g., 10 days) compared to longer

withdrawal services (e.g., 100 days).

Table 8 shows the distribution of representative storage costs for a selected group
of storage companies, calculated for 100 day seasonal service. These costs include services
offered by interstate pipelines and other providers (e.g., LDCs or new projects). Most
storage rates fall in the $.41 to $.60 per Mcf category, however the average of all costs is
$.66 per Mcf.

Table 8

DISTRIBUTION OF STORAGE COSTS
(Average Cost for 100-Day Service)
(S/Mch)

$.41-.60 $.61-.80 §.81-1.00

15 8 6

$.86

The average storage costs presented alone do not reflect inventory cost or
transportation costs to and from storage (to the city gate). With respect to inventory cost,
this is a function of gas price itself, the length of the holding period, and the carrying rate.
If, for example, the cost of gas injected into storage is $1.60 per Mcf with a holding period
of six months and an annual carrying charge of 10 percent, the inventory cost would average
about $.10 per Mcf.

The cost of transportation service associated with storage is more difficult to assess,
primarily because many variations of getting gas to and from storage are possible. Some

scenarios include no additional costs at all because the LDC can use existing, reserved
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transportation capacity and have the storage located at its city gate. In other words, no
additional (incremental) transportation is required to get the gas to or from storage to the
LDC system. In other situations, additional transportation costs are incurred to get gas to
storage and from storage to the city gate. These costs represent an important component

in evaluating the relative economics of contracting for storage.
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III. MARKET HUBS
Hub Services

While existing and new storage facilities offer traditional tangible services, market
hub services are less defined and are evolving as dictated by customers. As one market hub
developer explained, new services will depend on "sufficient customer interest' and
"whatever the market needs." The advertised services being offered by most market hubs
include parking, loaning, wheeling and title transfers. These, as well as administrative and
operational services, are short-term in nature and subject to changes in market
requirements. However, the fact that the number of pipeline interconnects and the
availability of storage are some of the most important characteristics of hubs indicates the
role of hubs in providing flexibility and reliability to the market.

Market hub services generally require the existence of a market center, and the
definition of a market center can be found in FERC’s Order No. 636-B (page 29):!

A market center is an area where (a) pipelines interconnect
and (b) there is a reasonable potential for developing a market
institution that facilitates the free exchange of gas.

Not all market centers are hubs, however, because an administrator is required in
order for hub services to be provided. An administrator has a number of functions,
including (1) making arrangements for customers to utilize the hub, (2) tracking physical
and administrative gas volumes flowing across the hub facility, (3) performing credit checks,
(4) guaranteeing hub transactions, and (5) filing and reporting transactional information.
The hub service administrator is not necessarily the owner of hub facilities, although usually
the owners of the hub facilities have the right to approve all transactions.

' FERC'’s general policy is to encourage hub development, i.e., pipeline tariffs must not contain

elements that would hinder them.

III-1



Certain hub owners/operators have contracted with another company to administer

the hub services. For example, Enerchange‘, an affiliate of Natural Gas Clearinghouse,
administers the Chicago Hub (owned by Northern Illinois Gas), the Cal Hub (owned by
Southern California Gas) and the Ellisburg-Leidy Hub (owned by National Fuel Gas

Supply).

Market centers are transforming themselves into hubs that offer a greater menu of

services, and many of these hubs are being integrated into the gas service network. Specific

services offered by market hubs include both physical and transactional services:

@

@)

C)

©)

Wheeling -- transporting gas into the hub on one pipeline and sending it out
on another.? :

Parking -- temporarily storing a shipper’s excess gas so that a shipper does not
have to sell it or otherwise dispose of it. Parking (and loaning) also can be
considered a balancing service -- keeping shippers "in balance" with their
pipelines by adding or withdrawing gas (e.g., loaning or parking), thereby
helping those shippers avoid financial penalties.

Loaning -- shipper’s taking title of gas on the hub for delivery to market off
an interstate pipeline, creating a negative balance on the hub at the end of
the day for a shipper. Loaning can also be considered a peaking service --
supplying the gas that an LDC or another shipper needs to survive an
unexpected, high demand period.

Title transfer -- changing the name andjor contract under which gas is flowing
on connecting pipelines.

Electronic trading -- "blind," real-time matching of gas suppliers with buyers,
either at a hub or between hubs.

! In June 1995, Natural Gas Clearinghouse, NICOR, Pacific Enterprises and National Fuel created
Enerchange to develop, administer and operate market-area hubs. Formerly, Hub Services, Inc.
administered these hubs.

Wheeling can be conducted either on a "straight" basis, where gas is actually transported, or on a

"displacement" basis, where gas is redelivered to an alternative point on behalf of a shipper.
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Market hubs are being developed and promoted by various industry pérticipants,
including pipelines, distributors, producers, marketers and independent operators, and the
services they provide depend on hub location and available facilities. Some interstate
pipelines, e.g., CNG Transmission, National Fuel Gas Supply, and Pacific Gas Transmission
are proposing system-length market centers, as are some distributors, e.g., Northern Ilinois
Gas and Southern California Gas. Producers are participating as well, e.g., Texaco owns
the Gulf Coast Star Center in Louisiana and proposes to use its Bridgeline Distribution

system as a market center.

Canadian industry participants are also actively promoting hubs, in both the U.S. and
Canada. For example, Union Gas uses it transmission and storage facilities in Canada to
provide hub services and is a partner in U.S. hubs (e.g., Grands Lacs). In addition, Alberta
Energy Co. (AEC) is operating the AECO C Hub at its Suffield storage site in southeastern
Alberta.

Two general types of market hubs are system hubs and point-specific hubs. System
hubs are sometimes referred to as floating hubs, i.e., services are offered at any place on
the LDC’s or pipeline’s system. Examples include the Chicago hub and the CNG/Sabine
Center. Point-specific hubs, such as the Henry Hub, are found at locations where multiple

pipelines interconnect or storage facilities operate.

To some extent, hub services can be considered a by-product of the main services
offered by the owner of the facilities. Large capital investments are not usually necessary
to offer hub services, unless one considers new storage facilities as part of the investment.
In this report, we segregate storage and hub capabilities, but many of the new storage
facilities are advertising hub services. Services offered at hub facilities that are part of LDC
or pipeline systems may also be considered as byproduct services. Companies owning these

facilities have primary responsibilities in other areas, in particular, providing firm trans-
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portation and distribution services to their customers. Examples include the following:

National Fuel Gas Supply’s Ellisburg-Leidy Hub
Southern California Gas’ Cal Hub

Northern Illinois’ Chicago Hub

CNG/Sabine Center System Hub

PGT’s System Hub

L B R X 2

In part, because the primary responsibility of transporters and distributors is to firm
ratepayers, hub services are generally offered on an interruptible basis. While enhanced
(e-g., firm) hub services can be offered at times, these are generally more expensive -- about

equal in cost to normal services provided by the same companies to their firm ratepayers.

Hub operators must address a number of issues, such as protecting the confidentiality
of clients and avoiding conflicts of interest that could arise if a hub operator or its owner
is involved in other natural gas-related businesses. Some hub administrators are presently
affiliated with marketers and/or producers. Some other issues in regard to hubs involve

(1) regulatory jurisdiction, and (2) revenue sharing.

With respect to jurisdiction, those hub servicers using facilities dedicated to interstate
commerce must obtain FERC authorization to provide these interstate services.!
Companies offering interstate services must have maximum rates on file with the
Commission, unless market-based rates have been approved, and services offered (and tariff
provisions) must be consistent with FERC’s rules and policies. For example, FERC recently
ruled that certain system hubs, i.e., Cal Hub and Chicago Hub, cannot perform services to
points off their facilities by using capacity of upstream pipelines or other companies because
that would circumvent the Commission’s capacity release and "shipper-must-have-title" rules
under Order No. 636.

' Filings relative to interstate hub services have been submitted under Section 4 of the Natural Gas Act
and Section 311 of the Natural Gas Policy Act.
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For LDC:s offering hub services, state versus federal jurisdiction may be an issue.
For example, Northern Illinois Gas insists that FERC has sole jurisdiction over the services
offered at the Chicago Hub because they all involve interstate commerce, rather than
intrastate services subject to jurisdiction of the Illinois Commerce Commission. SoCal Gas
obtained both FERC and California PUC authorization to provide hub services, but the

terms of these are the same for interstate and intrastate customers.

Finally, there is the issue of crediting hub service revenues. If the hub uses facilities
that are being paid for as part of a regulated company’s cost of service, then most of the
hub revenues are credited back to the firm ratepayers’ cost of service. Because providers
are not going to take risks without some potential returns, regulators allow companies and
thus shareholders, to retain a share of the net revenues. However, this is not a relevant

issue for unregulated hubs.

Identification of Market Hubs

There are about 35 hubs and market centers that have sprung up across the U.S. and
in Canada (see Schedule 5 in Appendix C). Table 9 identifies the major hubs and the
following map (Figure 7) shows the general location of selected hubs in relationship to the
interstate pipeline network. Appendix B-1 to this report presents descriptions of 12 hubs
across the country and one electronic trading system. As with the descriptions of the
storage projects (Appendix A-1), the sources of much of this information are the developers
themselves, and the projects are subject to change over time.

While a few market centers existed prior to implementation of FERC Order No. 636,
most of the new market hubs have developed in response to the service unbundling and
enhanced competition promoted by that ruling. The majority of the market centers in
existence prior to 1993 were located in supply areas, at points where multiple pipelines
interconnect and/or at processing plants or storage facilities, such as Henry (Louisiana),

Katy and Waha (Texas), and Blanco (New Mexico). The primary function of these early
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Hub/Market Center

MIDDLE ATLANTIC
CNG / Sabine Center

Ellisburg~Leidy, PA
National Fuel, NY & PA

EAST NORTH CENTRAL
Chicago, IL

Columbia Energy
Market Center

Grands Lacs/
Marysville, Mi

WEST NORTH CENTRAL
Mid-Continent, KS

WEST SOUTH CENTRAL
Buffalo Wallow, TX & OK

Carthage, TX

Guif Coast Star Center, LA
Henry (Erath), LA
Houston, TX

Katy, TX

Louisiana

Moss Bluff, TX

Perryville, LA
Waha/Permian, TX

ROCKY MOUNTAIN
Blanco, NM

Rocky Mountain Market Ctr.

Opal, WY

Western Market Center /
Muddy Creek, WY

PACIFIC
California Energy Hub
(CAL Hub) / SOCAL

Pacific Gas Transmission

CANADA
AECO C Hub

Union Gas Service
NOTES:

Table 9

SUMMARY OF MAJOR NORTH AMERICAN MARKET HUBS **

Number of Services Offered
Interconnecting Title  Electronic
Operator/Owner Pipelines Parking Wheeling Loaning Transfer Trading
CNG Trans. / Sabine PL 8
Enerchange a/ 6 b 4
National Fuel Gas Supply 5
Enerchange a/ 5 X X
Columbia Gas System s/ X
CMS Gas Trans. & Storage 7 X b 4 x X X
Market Hub Partners b/,
St.Clair Pipelines,
Enron Gas Services
Western Resources 9 X X
KN Interstate 12 X X
Union Pacific Fuels 20 X
(East TX Gas Systems/
EasTrans)
Texaco 12 ¢/ X X X X X
Sabine Pipe Line 13 X X
Eastex Energy 10 X b 4
Western Gas Resources 13 X X X X
LA Resources 22 X b4
Market Hub Partners b/ 6 X X
NorAm Gas Transmission 10 b 4 X
Valero 8 X X
Transwestemn 5
Williams Energy 3 X X
Tenneco, Questar, 5 X X X b ¢ b {
Entech (MT Power),
Union Pacific
Enerchange a/ 9 X X X X
PGT/PG&E s/ X X
Alberta Energy 2 X b4 X
Union Gas 5 b { X X X

** Other market centers include Niagara NY, Pittsburgh PA, Tuscola IL, Detroit MI, Guymon OK,

Houston Ship Channel TX, New York NY, Lebanon OH, Kosciusko MS, Monroe LA, Longview/Atlanta TX,
Waha (Interchange, Header and Midland) TX, Topock AZ, South Texas, Wamsutter WYy,
Intra—Alberta and NOVA.
a/ Hub operations formerly administered by Hub Services, Inc. (HSI), an NGC affiliate.

b/ Partnership of Tejas Power, NIPSCO, New Jersey Resources, Miami Valley Leasing (Dayton

Power & Light affiliate) and PSE&G.
¢/ Excludes interconnects through the Henry Hub.

s/ System-—wide hub services. Total interconnects unknown.

SOURCES:

Schedule 5 of Appendix C.
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market centers was to enhance gas supply transactions and/or route supplies from one pipe-
line to another. Services offered at these and other producing area market centers included

hub transfers or transportation, compression, processing, storage and balancing.

Probably the best known market hub is the Henry Hub, which was established in
1988, and designated as the delivery point for the NYMEX natural gas futures contracts.
This hub is owned by Sabine Pipe Line and operated by Sabine Hub Services, both units of
Texaco. It is located 18 miles from Lafayette in Frath, Louisiana, the site of a 860 MMcf
per day Texaco gas processing plant. About thirteen pipelines, both interstate and intrastate
systems, are connected to this hub. As the operator, Sabine Hub Services tracks physical
and administrative gas volumes flowing across the hub facility. Sabine Pipe Line provides
wheeling at the hub for a flat volumetric fee, regardless of path of physical flow, and offers

title transfers.! ‘

Important Hub Characteristics

Besides serving as important trading points, two important characteristics of market
hubs are the number of pipeline interconnections (along with associated capacity) and the
availability of storage. Schedule 5 of Appendix C identifies most of the pipelines connected
to the hubs. The higher the number of pipeline interconnections through header systems,
the greater the flexibility and reliability because (1) buyers have access to more supply
points, (2) sellers have more access to different markets, and (3) transporters have a variety

of routing choices to reach markets.

' While the Henry Hub is the trading point for NYMEX gas futures contracts, the Kansas City Board
of Trade has recently developed a western futures contract market, located at Waha Hub (TX).
According to the Kansas City Board of Trade, Waha was chosen because (1) it offers market
characteristics distinctive from the Henry Hub, allowing price arbitrage between the two centers, and
(2) has sufficient summer and winter capacity and volume in and out of the market center. Valero
Transmission is the Waha Hub operator. There are 9 interconnecting pipelines with about 1.2 Bcf
per day of capacity into and 0.9 Bcf per day out of the hub. Waha is currently an active hub offering
wheeling, balancing, and title transfer services along with electronic trading capability.
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Most hubs advertise either the number of pipelines connected to their system or the
number of pipelines that they are going to interconnect. Shown below are the number of

connecting pipelines (counting the hub’s own pipeline facility):

4 Chicago 5
¢ CNG/Sabine Center 8
4 Ellisburg-Leidy 6
L 4 Henry 13
¢ Katy 13
L 4 Perryville 10
¢ Cal Hub 9
¢ Waha 8
¢ Western Market Center 5

This advertisement of increased interconnections and capacity is not limited to
market centers or hubs. For example, Midwestern Gas Transmission has recently publicized
the completion of its "Header System," linking major interstate pipelines along its 352-mile
system (from its connection with Tennessee Gas Pipeline at Portland, Tennessee to the
Chicago area). In 1994, Midwestern constructed an interconnection with Natural Gas
Pipeline allowing bi-directional flow of 300 MMcf per day. This interconnection permits
access to "lower cost" mid-continent supplies on Midwestern, and complements the other
interconnecting systems -- Texas Gas Transmission, ANR Pipeline, Texas Eastern

Transmission and Trunkline Gas.

Operational balancing agreements (OBAs) can assist in managing the gas flows
among multiple pipelines connected to a hub. One of the first OBAs at a hub was
implemented by Sabine with Natural Gas Pipeline at the Henry Hub. Now Sabine has
OBAs in place with 12 feeder systems into the hub.!

OBA agreements contain volumetric terms that parties negotiate among themselves

and implement without regulatory approval. Terms may differ from interconnection to

! Valero, the operator of the Waha Hub (which was chosen as the trading point for the Western futures
contract market) is working to put OBAs into place.
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interconnection, but they set out procedures for resolving imbalances and confirming that
gas nominations actually flow. OBAs assure shippers that their nominations will be kept
whole and limit their exposure to large imbalance penalties. They also simplify accounting,
administration, and billing procedures. In short, OBAs may be important to the success of
a hub because shippers can judge hubs by their operational efficiency and administrative

ease in which they can move gas across pipelines.

Many market hubs are located at underground storage facilities, or are along systems
that have access to such storage. Because parking and loaning are principal services being
offered, hubs do require some ability to store gas. Hubs with onsite underground storage
generally have the ability to park or loan volumes for a longer period of time. These hubs
include Cal Hub, Chicago Hub, CNG/Sabine Center, Ellisburg-Leidy, Katy, Grands Lacs,
and Union Gas. Other hubs (such as the PGT System Hub) must rely on line pack to
provide this flexibility, although this method restricts the duration of parking service.

Benefits of Hub Services

Overall economic advantages of hub services include ready access to current price
and other market data, promotion of competition, improvement of system efficiency in
terms of capacity utilization, reduction of transaction costs (through new and faster
electronic ways of completing transactions), and reduction of market transaction barriers.
Similar to storage service, hubs offer other benefits to both buyers and sellers, such as
enhanced reliability, operational flexibility, supply management and financial management
options -- business opportunities that have arisen from the unbundled and restructured
natural gas industry environment. These services are generally short-term or temporary in

nature.

Operationally, hubs (1) assist in monitoring and/or resolving transportation
imbalances by coordinating shippers’ "long" and "short" supply positions on interstate

pipelines or at city-gate markets; (2) help manage intra-day gas supply swings by offering
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shippers the time, facilities and capacity to wheel, displace, park or loan gas within the
current day to satisfy contractual obligations; (3) facilitate pooling arrangementé, allowing
a producer or a marketer to meet its contractual obligations at a connected pipeline pooling
point; (4) add flexibility in available receipt and delivery points (e.g., a hub can permit
centralizing multiple delivery points to a contract or a supply portfolio); and (5) help
shippers unable to transport supplies to market when operational flow orders are issued by

pipelines to keep their market whole through use of hub services.

As an indication of the competitive nature of this business, many hub services are
being offered under descriptive names or acronyms. For example, CNG/Sabine Center
offers "Park-Folio" (parking) and "MARS" (Market Activity Reporting Sefvice); Texaco’s
Gulf Coast Star Center offers "StarSource" services; and Western ‘Market Center promotes

"OneStep" services.

- Electronic Trading Systems

Electronic trading systems are emerging in conjunction with market hubs. These
systems are linking market centers and hubs in the U.S. and Canada to provide intra- and

inter-hub trading capabilities. Examples of these systems include the following:

¢ Williams’ "Streamline" (see Appendix B-1)

K NYMEX and EnerSoft’s "Channel 4"

¢ Columbia’s Fast Lane

¢ NOVA/TCPL/Westcoast’s NrG Information Service
¢ NOVA/AEC Energy Exchange

¢

Joint Alberta Energy Co./Union Gas hub-to-hub services link.

Electronic trading provides real time control of customers’ gas supply trading
activities. These systems generally offers standardized contracts, credit and operating
procedures. Bids and offers for gas supply are matched instantaneously and anonymously.
In other words, electronic trading workings like the stock market -- the system provides
"blind" matching of buy and sell orders. Regional gas prices are continuously posted at hub
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centers. Because information is posted on a real time basis, market prices are immediately
transparent which assists with market uncertainties, and allows buyers and sellers to respond

quickly to market changes using actual prices.

These real time trading systems can be along a pipeline (or LDC) system, or between
market hubs. In April 1995, for example, Columbia Energy’s Fast Lane went online to bring
electronic trading to key points along Columbia’s two major interstate pipelines. Fast Lane

provides real time trading of gas supplies and pipeline and storage capacity.

An example of specific hub-to-hub trading is a new joint service announced by
Alberta Energy Co. (AEC) and Union Gas Ltd. This service allows hub-to-hub deliveries
between AECO C Hub storage facilities in southeastern Alberta and Union Gas’ hub at the
Dawn storage facility near Sarnia, Ontario. The cost of the service is negotiable, and it will

vary depending on difference in the delivered prices between the two hubs.

Williams electronic trading system, StreamLine, permits electronic trading among
multiple hubs and market centers. StreamLine is scheduled for use in hubs across North
-America, although current hubs using the system include Waha, Opal, Lebanon, Carthage,
Station "65", and Empress in Calgary. (For greater details pertaining to this electronic
system, including rates, see Appendix B-1.)

Cost Of Hub Services
The following table (Table 10) shows illustrative rates of five market hubs as of early

1995. While rates are shown for three services (parking, loaning and wheeling), the services

offered are not necessarily comparable among the providers.
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Table 10

Posted Hub Service Rates

($/MMB1u)
Parking Loaning ‘Wheeling
Hub 1 $.0604 per day - $.0721
Hub 2 $.0082 per day - $.1513(S) &/
$.1989 (W) o/
“ Hub 3 $.0079 per day c/ $.0032 per day c/ $.0502 b/
Hub 4 $.08909 ist day $.1063 1st day -
$0.0067 subsequent days $.0080 subsequent days
$.025 per 10 days $.036 on delivery to
maximum customer per 10 days
$.036 on re-delivery to
customer per 10 days

a/ (S) - Summer; (W) - Winter.
b/ A lower "fly-by" rate ($.01 per MMB) is available for equal volumes tendered and received on the same day.
c/ These parking (P-2) and loaning (IR-2) rates are used for single receipt and delivery points. Higher P-1 and IR-1 rates

arc used for different receipt and delivery points and include a transportation cost component.

Several rates among the hubs are difficult to compare because the services vary. For
example, some hubs provide firm services while others only provide interruptible services. In
addition, a number of the hubs establish parking and loaning rates that include a wheeling

component.

Competition and the uncertainty of value added by hub services have resulted in the
sharp discounting of rates. In addition, some partners in new hubs (as well as new storage
facilities) are discounting transportation services into the hub centers in order to promote

their usage.

Many natural gas industry observers believe that the number of hubs will be reduced
by competitive forces. Several geographic areas have or will have multiple hubs offering
similar services. Furthermore, the actual services that are going to be demanded are still
being defined. To date, for example, hub service activity has been sporadic with parking
and loaning services being in demand more than the trading services. Only those that offer
the greatest "value added" to the market and/or unique services to buyers and sellers are

likely to prosper.
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AVOCA

Location:

Owners:

Pipeline Connections:

Status:

Capacity:

Services/Benefits:

Steuben County, western New York state, near Ellisburg-Leidy
(PA) Hub (see map in Appendix A-2).

Joint interest partnership of subsidiaries of J. Makowski,'
Equitable Resources, Natural Gas Clearinghouse and Union
Gas Ltd.

Tennessee Gas Pipeline (H-C or 400 Line)
Penn-York Energy

Under evaluation: direct connections to CNG, National Fuel,
Columbia Gas, Texas Eastern and/or Transco.

Salt cavern

The $90 million three-phase project was first announced in 1993
and received FERC approval late in 1994. Construction began
in 1995 with operation of Phase I to begin in 1996; Phases II
and III will be online over three years.

Phase 1 capacity is fully subscribed through open season
bidding. Customers are Orange & Rockland, Consolidated
Edison, Natural Gas Clearinghouse, Altresco-Pittsfield and
JMC Fuel Services.

Avoca conducted open season for Phase II capacity in mid-
1994, although these results are currently unavailable.

5 Bef working gas
Maximum withdrawal rate: 500 MMcf per day, 10 days
Maximum injection capability: 250 MMcf per day, 20 days

The benefits and services offered by Avoca result primarily
from its high deliverability and injection rates and the
"unparalleled” cycling ability (e.g., 30-day cycle), affording
customers several operational and economic advantages:

! In mid-1994, PG&E and Bechtel Group announced an agreement to purchase J. Makowski.
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AVOCA (continued)

Terms of Service:

firm peaking supplies,

seasonal purchases (including price arbitrage),
emergency supply sources,

load balancing, and

no-notice services.

LA X X X 4

Term - 20 years

Quantity - MDWQ 1/10th of capacity entitiement
MDIQ 1/20th of capacity entitlement
Rates -
Demand charge -  $3.75/Dth/mo.; escalated at half of
the rate of inflation

Injection and

withdrawal charge - $.01/Dth

Fuel rate - 2 percent

Cushion gas - supplied by customers, estimated at

34 percent of capacity entitlement
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BAY GAS (MCINTOSH)
Location:

Owners:

Pipeline Connections:

Type:

Status:

Capacity:

Services/Benefits:

Terms of Service:

Washington County, Alabama

Limited partnership of MGS Storage Services, Inc. (MGS) (87.5
percent) and Olin Corporation (12.5 percent). MGS is a
subsidiary of Mobile Gas Service.

Mobile Gas Service Corp. system at Axis, Alabama and Koch
Gateway Pipeline at Hatters Pond, Alabama.

Salt cavern

Received certification from the Alabama Public Service
Commission in May 1992 and became operational during the
1994/95 winter.

Working capacity -- 2.6 Bef
Maximum withdrawal rate -- 100 MMcf per day
Maximum injection rate -- 33 MMcf per day

With additional compression, Bay Gas could reach maximum
withdrawal and injection rates of 260 MMcf per day and 90
MMcf per day, respectively.

Bay Gas will provide storage on a non-discriminatory basis but
it will provide no stand-alone transportation.

Bay Gas has FERC approval for market-based storage rates for
firm and interruptible service for a portion of the 2.6 Bcf of
capacity not already subscribed by intrastate storage service
customers.

Bay Gas has two contracts in place to provide intrastate storage
service: (1) a 20-year contract with Mobile Gas Service for 0.8
Bef of storage capability and withdrawal of up to 80 MMcf per
day; (2) a 50-year contract with Alabama Electric Cooperative
for 0.3 Bef of capacity and 2.5 MMcf per day of service (April-
September) that can be converted to peak service.

Bay Gas proposes to serve other parties under Section 311.
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BLACKHAWK

Location:

Owners:

Pipeline Connections:

Type:
Status:

Capacity:

Services/Benefits:

Terms of Service:

Approximately 13 miles southeast of Terre Haute, Indiana (see
map in Appendix A-2).

Hamilton Natural Gas

About 1.5 miles from a Texas Gas Transmission line and 10
miles from Midwestern Gas Transmission’s header system that
is under development. Texas Eastern Transmission is also in
the vicinity.

Aquifer
Planned for winter 1996-97.

Working gas -- 3.1 Bcf (initial design)
Working gas -- 5.3 Bef (ultimate)
Withdrawal -- 44 MMcf per day

Deliverability will be tailored to individual customer’s needs
and market-based rates will be offered. Hamilton predicts that
these rates should fall in the range of $1.10 to $1.25 per Mcf
for a single cycle.

Hamilton forecasts a huge demand for storage service in the
area since Texas Gas and Midwestern do not have any storage
capacity to offer. In addition, Hamilton envisions market
opportunities due to Midwestern’s link with the Chicago Hub.

Not available
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CALCUTTA-CARBON
Location:

Owners:

Pipeline Connections:
Type:

Status:

Capacity:

Services/Benefits:

Terms of Service:

Clay and Parke Counties, Indiana

Midwest Gas Storage

Panhandle Eastern Pipe Line, Indiana Gas Co.
Aquifer

Operational; injection commenced in mid-1994.

Maximum capacity -- 5.5 Bcf
Base gas -- 1.9 Bcf (initial year), declining to 1.6 Bcf
Working gas -- 1.475 Bef (initial year), increasing to 3.9 Bef

In mid-1994, Midwest Gas Storage received its certificate from
the FERC to market working capacity to customers who want
hourly peaking and weekend parking service to avoid balancing
penalties on interstate pipelines.

As of December 1994, Midwest was offering winter peaking
service to end users and municipalities and announced that it
had finalized peaking arrangements with Vesta Energy
regarding summer/winter storage for customers downstream on
Columbia Gas Transmission.

The FERC approved rates for firm service at the facilities and
a deliverability charge of $4.257 per Mcf, capacity charge of
$.0463 per Mcf, and injection and withdrawal rates of $.0056
per Mcf.
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CHANDELEUR

Location:

Owners:

Pipeline Connections:

- Type:

Status:

Capacity:

Services/Benefits:

Terms of Service:

The first commercial underground gas storage facility to be
located entirely in Louisiana offshore waters.

Entre Energy Corporation

Proposed interconnection with Texas Eastern Transmission.
Other pipeline connections are being explored.

Depleted field

Entre advised FERC in June 1995 of difficulties in developing
Chandeleur, but is not withdrawing its application. The
summer 1994 open season did not result in any acceptable
offers. In addition, the application will likely be amended to
reroute the proposed Texas Eastern interconnection, because
of difficulties in negotiations.

Total initial gas capacity -- 72.4 Bcf

Working gas -- 25.6 Bcf

Initia] withdrawal capacity -- 300 MMcf per day and 193 MMcf
per day at the end of the withdrawal period

Injection capacity -- 300 MMcf per day

Working gas capacity might be increased to 41.0 Bcf, depending
on demand.

Future expansion of the project to an ultimate working gas
capacity of 750 Bcf with 850 MMcf per day of
injection/withdrawal capabilities is possible.

One reason for developing the offshore facilities is to relocate
gas supplies into depleted areas. Ample pipeline capacity
should be available to transport the gas to market since the
block is in an area of the Gulf of Mexico that has seen major
production declines in recent years. Entre believes that gas to
fill the facility could come from "a multitude of supply sources"
and reach the Chandeleur block via "a number of backhaul
opportunities."

Chandeleur is proposing market-based rates, determined

through arm’s-length negotiations for long-term firm and
interruptible storage service.
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EGAN

Location:

Owners:

Pipeline Connections:

Status:

Capacity:

Acadia Parish, Louisiana, 35 miles upstream of Henry Hub (see
map in Appendix A-2).

Egan Gas Storage Co., subsidiary of Tejas Power Corp.

Tejas Power has transferred ownership to Market Hub
Partners, a partnership among Tejas Power, NIPSCO
Industries, New Jersey Resources, Miami Valley Leasing
(affiliate of Dayton Power & Light) and Public Service
Electric & Gas.

After the construction of approximately five miles of pipeline
during Phase I, the facility will interconnect with ANR Pipeline,
Columbia Gulf Transmission, Tennessee Gas Pipeline, Texas
Gas Transmission, Transcontinental Gas Pipe Line and
Trunkline Gas.

Egan will evaluate possible additional pipeline interconnects
with Transcontinental Gas Pipe Line and Koch Gateway
Pipeline.

Salt cavern
Under development, to begin service in fall 1995.

Through the Phase I open season held in January 1994, Egan
entered into two long-term storage contracts. Together, Tejas
Power, Northern Indiana Public Service and East Ohio Gas
have reserved over 2.8 Bef of working gas capacity, 124 MMcf
per day of deliverability, and 87 MMcf per day of injection
rights. Information concerning other contracts secured during
the open season for Phase I is unavailable.

Currently, three caverns are planned for development, as shown
below. If market demand warrants, two additional caverns can
be developed.



EGAN (continued)

Services/Benefits:

Terms of Service:

Total # of Caverns

Total Working Gas Volume (Bcf)

Cumulative Deliverability (MMcf/d)

Cumulative Injection (Average) (MMcf/d)

Start Date

By offering firm injection and withdrawal services of 10 to 30
days, Egan is designed for high deliverability and relatively
small storage volume. Tejas will have the ability to provide
“ultra" firm daily deliverability on demand from the Egan
facilities. In addition, that deliverability can be "swung down"
on less than one hour’s notice by injecting gas into storage,
thereby accommodating extreme variations in customer gas
demand almost instantaneously. Customers may tailor gas
services to meet virtually any need -- from daily peaking to
winter peaking to year-round swing -- with "unmatched"
reliability.

Egan has applied to FERC to offer market-based rates for
storage and hub services. The hub service rates to be charged
will be restrained by the interruptible transportation rates on

~ the interconnecting pipelines.
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EMINENCE
Location:
Owners:

Pipeline Connections:

Type:
Status:

Capacity:

Services/Benefits:

Terms of Service:

Covington County, Mississippi
Transcontinental Gas Pipe Line
Transcontinental Gas Pipe Line

Salt caverns

Operational since 1970s; expansion underway.

Phase I of the expansion, put into service on December 1, 1993,
increased working gas capacity to 9.2 Bef and deliverability to
1,300 MMcf per day. Phase II, scheduled to be completed
during the 1994-95 heating season, is designed to provide an
additional 2.9 Bcf of top gas capacity and 200 MMcf per day of
deliverability. Upon completion of Phase III in December
1995, the Eminence field will offer 15.0 Bef of working gas
capacity.

Transco intends to place each cavern in service as it is
completed. FERC granted Transco the authority to file three
limited section 4 rate filings corresponding to the three phases.
This procedure will allow Transco to adjust rates to recover its
construction costs upon completion of each phase.

Transco’s rate schedule ESS (Eminence Storage Service)
provides firm storage service. Storage capacity and
injection/withdrawal rights of a customer are specified in the
executed service agreement. Unless Transco agrees to discount
its rate, buyers shall pay the maximum rates as follows:

$/Mcf
Demand Charge $0.4100 jl
Capacity Quantity Charge -$0.0509
Injection Charge $0.0086
Withdrawal Charge
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EMPRESS
Location:

Owners:

Pipeline Connections:

Type:
Status:

Capacity:

Services/Benefits:

Empress, Alberta (see map in Appendix A-2).
St. Clair Pipelines Ltd.

TransCanada PipeLines and NOVA

Salt cavern

Scheduled to be available in January 1997.

Capacity -- 5.0 Bef
Peak withdrawal capability -- 1,000 MMcf per day

Maximum withdrawal quantity is 1/5 of capacity entitlement.
Maximum injection quantity is 1/20 of capacity entitlement until
75 percent of capacity is full and then the maximum is 1/40 of
capacity entitlement. Other withdrawal and injection schedules
can be tailored to meet customer needs.

Empress will provide a package of diversified hub services,
including peaking, parking, cycling, and exchange capability.
Cycling up to 12 times per year will be possible.

Empress is designed to serve customers (1) requiring firm
receipts from or deliveries to TransCanada at Empress; (2)
requiring operational flexibility; (3) delivering at less that 100
percent load factor on NOVA to Empress who can use storage
to optimize their transportation; (4) requiring price risk
management at Empress; (5) optimizing transportation on
TransCanada; (6) optimizing transportation on NOVA; and (7)
requiring needle peaking services.

Because of its direct tie-in to NOVA and TransCanada, the
facility provides firm storage flows between TransCanada and
Empress Hub Storage, and can also help customers avoid
NOVA imbalance problems. Operationally, Empress’
customers can use high deliverability storage in conjunction
with production for scheduled/nonscheduled interruption.
Empress can offer emergency supply replacement as protection
against supply failure or system-related outages.



EMPRESS (continued)

Terms of Service:

Empress Hub Storage will charge a fixed monthly demand fee
of about U.S. $.97 per Mcf (1997 dollars) for maximum daily
withdrawal quantity (delivery entitlement) plus $0.012 per Mcf
injection and withdrawal charge. Demand and variable charges
escalate annually by 4 percent. A compressor fuel charge of 2
percent applies to injected volumes. Royalties must be prepaid
on gas delivered to storage. Taxes are not included. Cushion
gas is to be provided by the customer or can be provided by the
operator for an additional fee.

A 10-year contract term will be standard although other
contract lengths will be considered.



HATTIESBURG
Location:

Owners:

Pipeline Connections:

Status:

Capacity:

Services/Benefits:

Forrest County, Mississippi (see map in Appendix A-2).

Owned and operated by First Reserve Gas Company (Dallas);
the principal stockholders of First Reserve are two investment
funds managed by First Reserve Corp. Crystal Oil plans to
buy First Reserve Gas by the end of June 1995.

Direct connections to Transcontinental Gas Pipe Line,
Tennessee Gas Pipeline, Koch Gateway and Mississippi Fuels
(an Associated Natural Gas subsidiary) with expansion potential
to interconnect directly with Florida Gas Transmission, Texas
Eastern Transmission and Southern Natural Gas.

Salt dome

Operational since 1990; Phase I capacity is fully contracted to
three East Coast combination gas and electric utilities -- Public
Service Electric & Gas (New Jersey), Consolidated Edison
(New York), and Long Island Lighting (New York) , five gas
distribution utilities (Brooklyn Union, Connecticut Natural,
Elizabethtown, Mississippi Valley Gas and Piedmont Natural
Gas), two major oil companies (Amoco and Arco) and one gas
marketing company (Associated Natural Gas).

Working capacity - 3.5 Bef (Phase I)
Injection - 175 MMcf/d (Phase I)
Maximum deliverability capacity - 350 MMcf per day (Phase I)

Under Phase II, the facility will be expanded to add 2.1 Bef of
working gas capacity with deliverability of 210 MMcf per day.
New injection capacity would be 40 MMcf per day.

Hattiesburg offers firm storage service and interruptible
storage/balancing service in its low volume/high deliverability
facility.



HATTIESBURG (continued)

Terms of Service:

. Firm Backup Service
Firm Service Interruptible Balancing Service (Proposed)

Description Firm high deliverability salt dome This service aliows the customer Firm gas deliveries on short notice
storage providing 10-day withdrawal to inject and withdraw gas into into Transco, Tennessee (500 leg),
service and 20-day injection services. Hattiesburg to handle load swings. | or Koch Gateway. 3-day gas
Connects with Tennessee (500 leg), reserve; 15-day replacement period
Transco & Koch Gateway

Availability Existing capacity 100% subscribed. Fully interruptible on a first-come | 30,000 MMBtu/day - winter only
Released capacity available from first-served basis. Firm customers | 90,000 MMBtu total
existing customers. Planned will have priority over any
expansion of 2 Bef of working gas. interruptible nominations. 3000 MMBtu/day through expansion

Rates Demand: $2.63/Mcf Storage: $.02/day Demand: $1.50/month deliverability

($2.28/Mcf after expansion) Injection: $.01/MMBtu + fuel Commodity: $.01/MMBtu + fucl on

Injection: $.01/MMBtu + fuel Withdrawal: $.01/MMBtu + fuel repaid gas only

Withdrawal: $.01/MMBtu + fuel Limits: 15 day maximum stay

Overrun: No penalty or fees for
utilizing excess injection and ‘
withdrawal capacity

Nominations | 24 hrs/day, 7 days/week Receipt of nomination determines | Accepted 24 hrs/day, 7 days/week.
Midday changes accepted IT priority. Nominations will be Flow constrained only by pipelines’

accepted 24 hrs/day, 7 days/fweek limitations.

Term 7-15 year terms available for

expansion space. Negotiated rates
and terms for all released capacity.

$.10/day per MMBtu on balances

older than 15 days based on FIFO
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HNG SULPHUR MINES
Location:

Owners:

Pipeline Connections:

Status:

Capacity:

Near Lake Charles, Louisiana in Calcasieu Parish.

HNG Sulphur Mines, a wholly owned subsidiary of HNG
Storage Co.

Transcontinental Gas Pipe Line, Texas Eastern Transmission,
Tennessee Gas Pipeline, Florida Gas Transmission and Sabine
Pipe Line.

Proposes to construct two pipelines: a 12.5-mile pipeline
northward to connect Transco, Texas Eastern, Tennessee and
Florida Gas, and a 9-mile south header connecting Sabine Pipe
Line. The company may also connect to Koch Gateway
Pipeline and Trunkline Gas, as well as Louisiana Gas Systems,
an intrastate, through this southern line. Sabine Pipe Line is
connected directly to the Henry Hub and opens up access to
virtually every interstate and intrastate pipeline system
operating in Southern Louisiana or the Gulf of Mexico. The
maximum delivery and receipt capacity to the northern pipeline
would be 400 MMcf per day and 200 MMcf per day on the
southern connection to Sabine.

Salt domes

In January 1995, HNG Sulphur Mines withdrew its application
(CP93-716) for authority to convert and operate leased storage
capacity in the salt dome and to construct and operate a related
facility necessary to provide firm and interruptible excess
storage at market-based rates. HNG initially proposed to place
the subject facilities in service by the 1994/95 heating season.
According to HNG, the company "is currently working on a
restructuring of its storage project, and believes that it would be
in the best interests of HNG and the Commission to withdraw
its certificate application, without prejudice to its later
resubmission." HNG indicated previously that it is seeking
additional customers as well as additional partners to help
defray the project’s estimated costs of $61 million. Further,
HNG states that "there is a lot of interest” in the project, but
"no one wants to make long-term commitments."

Total -- 12.1 Bef
Working gas -- 6.5 Bcf
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HNG SULPHUR MINES (continued)

Services/Benefits:

Terms of Service:

HNG Sulphur Mines plans to offer three rate schedules: firm
storage service (FSS), firm capacity service (FCS) and
interruptible service (ISS). The initial working capacity of 6.5
Bcf was being proposed for the FSS rate schedule. Capacity
development over time would amount to additional working
capacity of 1.5 Bef and this capacity would be sold pursuant to
the FCS rate schedule. After completion, working gas capacity
would be about 8 Bcf, with design deliverability of 400 MMcf
per day and injection capacity of 150 MMcf per day.

Not available
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JEFFERSON ISLAND
Location:

Owners:

Pipeline Connections:

Status:

Capacity:

Services/Benefits:

Terms of Service:

Jefferson Island, near Henry, Louisiana (see map in Appendix
A-2).

Equitable Resources

Plans to connect a lateral to Texaco’s Henry Hub and
Equitable’s affiliate, Louisiana Intrastate Gas (LIG). Equitable
is also negotiating with Sabine Pipe Line, operator of the Henry
Hub, for approval of a direct interconnection. Equitable plans
to connect Columbia Gulf Transmission, Tennessee Gas
Pipeline, Texas Gas Transmission, Koch Gateway Pipeline and
Southern Natural Gas.

Salt dome

In February 1995, Equitable Storage announced completion of
the first phase of construction at Jefferson Island, costing $11.5
million. Over the next ten months, Equitable Storage will leach
a cavern within the salt dome, creating the storage capacity.
The facility is running about two months behind its original
schedule and should be online in December 1995.

LIG plans to subscribe to long-term service at Jefferson Island.
Working gas capacity -- 3 Bef

Total capacity -- 4.7 Bcf
Withdrawal capability -- 300 MMcf per day

. Injection capability -- 150 MMcf per day

Physical support for trading at the Henry Hub.

Market hub products available at Jefferson Island will include
title transfer services and real-time flow information. Cash
trading opportunities will be introduced at Jefferson Island if
customer interest indicates a need for this service.

Equitable announced formation of a Houston-based operation
called the Equitable Resources Market Center, to integrate the
storage services into a "one-stop" marketplace.

Not available
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KIOWA
Location:

Owners:

Pipeline Connections:

Status:

Capacity:

Kiowa, located in southern Kansas (Kiowa County), near the
Texas and Oklahoma panhandles (see map in Appendix A-2).

HNG Storage (HNG) and Williams Underground Gas Storage
Company (WUGS).

With the construction of an estimated 5 or 6 miles of pipeline,
the facility will connect directly with pipelines with more than
5 Bef/d of throughput, including ANR Pipeline, Northern
Natural Gas, Panhandle Eastern Pipe Line, and Williams
Natural Gas. Shippers on other systems such as Western
Resources, KN Interstate Gas Transmission, Natural Gas
Pipeline Co., and Colorado Interstate Gas, could also be
offered service. Supply areas connected to the facility include
Kansas, Oklahoma, Texas, Colorado, and Wyoming. Accessible
markets include Michigan, Ilinois, Indiana, Iowa, Minnesota,
eastern Nebraska, Missouri, eastern South Dakota, and
Wisconsin.

Salt caverns

Under development; after the project’s marketing is concluded
and an environmental review of the project and associated
pipeline routes is completed, the partnership will file for a
certificate with the FERC.

The project is planned for development in four phases, as
shown on the following table.

PROJECT TIMELINE AND PHASED SERVICE AVAILABILITY

Service Parameter Phase I Phase I Phase IIT
In-Service Date (months) 20 27 34
Number of Caverns 4 8 12 16
" Working Gas Capacity (Bcf) 14 28 42 56
Base Gas Requirement (Bcf) 065 13 195 26
Delivenability (MMBtu/day) 125,000 250,000 375,000 500,000 Il
Injection Capacity (MMBtu/day) 100,000 150,000 200,000 250,000 "
"loul Cycle Time (Days) 252 29 322 336 1]
Avnihbie Number of Cycles/Year 145 122 113 109




KIOWA (continued)

Services/Benefits:

Terms of Service:

Kiowa Gas Storage will provide its storage customers with the
ability to cycle their entire inventory fully more than 10 times,
dramatically reducing the actual per unit cost of storage.

HNG expects the facility to evolve into a multi-pipeline trading
center, offering its customers some of the benefits of a hub.

Kiowa Gas Storage customers wishing to use the facility as a
trading center hub to move gas from one pipeline system to
another can park gas for short periods of time; use storage gas
for balancing; provide gas for emergency needs; inject and/or
sell excess gas during periods of imbalance; and serve multiple
pipeline supply and demand needs from a common gas supply
portfolio.

This cycling capability can be further enhanced by each storage
customer through the utilization of any available injection and
withdrawal capabilities not used by other firm service
customers. As a matter of tariff right, each firm service
leaseholder will have a first priority right to its pro rata share
of any firm services unsubscribed by any other firm service
customer. Taking advantage of these under-subscribed services
can dramatically increase available cycles for a heavy-use
customer and further significantly reduce annual unit storage
fees.

All rates for Kiowa service will be reached through arm’s-length
negotiations between storage service customers and the
project’s management. While. reservation charges have not
been determined, they are expected to be about $3.00 per Mcf
per month.

In addition to these demand-based charges, there will be a
commodity charge assessed on each injection and withdrawal
transaction. This fee will offset the variable costs (primarily of
electricity) of physical facility operation, including compression,
dehydration, maintenance and dispatching operations. This
charge will be about $.05 per Mcf.

A-24



LAUREL FIELDS

Location:

Owners:

Pipeline Connections:

Type:

Status:

Capacity:

Services/Benefits:

Southeastern New York and northern Pennsylvania (see map
in Appendix A-2).

National Fuel Gas Company
National Fuel Gas Supply

One existing storage reservoir (Limestone storage) and one
depleted production field (Callen Run field).

New required facilities include five miles of pipe connecting the
Limestone field, 25 miles connecting the Callen Run field, and
60 miles of pipe from a central location between the two
storage fields to Leidy.

National is planning for injections to begin at Laurel Fields in
the spring of 1996, assuming timely certification by FERC.

Of the total 19 Bef of available capacity, 12 Bef was bid upon
during National’s open season; however, only one 20-year
precedent agreement was arranged, covering 2.5 Bcf under
contract to affiliate National Fuel Gas Distribution. Other
customers (Brooklyn Union, Enron, Eastern Shore, Yankee Gas
Services and Eastern Natural Gas) signed up for 10 years of
storage service.

Working gas capacity -- 19.1 Bef
7.0 Bcf -- Limestone
12.1 Bcf -- Callen Run

Total firm peak day withdrawal capability -- 207 MMcf per day
Total injection capability -- 171 MMcf per day

Laure] Fields intends to offer open access firm (SS-110 and SS-
60) and interruptible (SSI) storage service. Maximum storage
capacity for the 110-day service will be 15 Bef, and the capacity
for the 60-day service will be 4 Bcf. Firm service will be
offered with 365-day injection and withdrawal capability.
Inventory transfer service will be available.
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LAUREL FIELDS (continued)

Terms of Service:

Term - 10-20 years

Quantity -

(1)  110-day service
MDWQ - 1/100 of max. storage quantity (MSQ) from
100 percent to 16 percent of MSQ, declines thereafter
MDIQ - 95 MMcf/d

| (2) 60-day service (available to subscribers to 110-day

service in proportion to contracted volume)

MDWQ - 1/50 of MSQ from 100 percent to 26 percent
of MSQ, declines thereafter
MDIQ - 69 MMcf/d

Initial proposed maximum rates:
Rate Schedule

Rates per Dth SS-110 and SS-60 SSI
Storage Demand Charge $3.7315 -
 Storage Capacity Charge $0.0404 -
Injection Charge $0.0045 $1.2398
Withdrawal Charge $0.0045 -

Fuel rate - 2 percent for storage and 2 percent for trans-
portation.

Laurel Fields supplies base gas.
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LODI
Location:
Owners:

Pipeline Connections:

Type:

Status:

Capacity:

Services/Benefits:

Terms of Service:

Northern California (see map in Appendix A-2).

Northern California Gas Storage Corp, in turn owned by HNG
Storage Co. (the majority stockholder) and Sofregaz (a
subsidiary of Gaz de France).

PG&E and Mojave Pipeline
Depleted field

Planned to begin service in the fall of 1997 on the PG&E
system.

Two shallow reservoirs (about 2,500 feet), with working gas
capacity of about 6 Bcf each. The project is designed to allow
up to 250 MMcf per day of injection and 500 MMcf per day of
withdrawal capacity. Full withdrawal capability can be
sustained until depletion of 75 percent of working gas.

High and constant deliverability service through a schedule of
services allowing rapid injection and withdrawal "similar to
characteristics typically associated with salt caverns." Lodi will -
provide "real-time" (no-notice) dispatching services.

Uses of Lodi include no-notice balancing, price arbitrage,
seasonal supply arrangements, protection against emergency
system disruptions, ability to sell firm supply at more than 100

- percent of contracted firm pipeline capacity, back-up futures

trading, and maximization of firm capacity utilization.
Market-based rates are proposed.

The annual reservation fee for firm storage will range from
$1.00 to $1.25 per Mcf.

Interruptible services will be provided and costs will be
negotiated.
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MANCHESTER

Location:

Owners:

Pipeline Connections:

Type:

Status:

Capacity:

Services/Benefits:

Oklahoma/Kansas border in Grant County, Oklahoma on the
northeast shelf of the Anadarko Basin (see map in Appendix
A-2).

Manchester Pipeline Corp., an Oklahoma gatherer (the pipeline
plans to sell the project once it is developed).

Williams Natural Gas, Peoples Natural Gas, Western Gas
Resources and Oklahoma Natural Gas.

Deliveries from Williams Natural Gas and Oklahoma Natural
Gas can be made into other key interstate systems, including
Northern Natural Gas, ANR Pipeline, Panhandle Eastern Pipe
Line, Natural Gas Pipeline, El Paso Natural Gas, and
Transwestern Pipeline.

Depleted gas reservoir

Phase I design and development is completed. Originally
scheduled to be operational in early 1995.

Injection capability -- 100 MMcf per day
Withdrawal capability -- 250 MMcf per day
Total capacity -- estimated at 28 Bcf

Maximum withdrawal rates of nearly 250 MMcf per day can be
sustained for an initial period of 8 to 10 days. Maximum
withdrawal rates after 20 days are still over 200 MMcf per day.

Manchester has low cushion gas requirements because of
economic reservoir conversion to storage due to horizontal
drilling. The reservoir integrity and sand quality offer multiple
storage cycles per year.

In addition to its "excellent" geographical location, Manchester
Pipeline has eliminated common problems associated with gas
storage by having leased the surface and subsurface storage
rights from both surface and mineral owners. Currently, the
surface is devoted to both gas operations and agriculture. Due
to Manchester’s control over the entire property, problems that
often "plague" other storage fields, such a severed ownership,
do not exist.
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MANCHESTER (continued)

Terms of Service:

Manchester will offer bi-directional pipeline and hub services,
as well as firm and interruptible storage contract, no-notice
storage and gas balancing services. Storage customers receive
system-wide hub services and local and Midwest regional
market accessibility. Different service programs available
include seasonal, short-term, long-term, balancing, and price
hedging.

¢

Seasonal service allows gas storage during the nine
months from March to December and withdrawal during

; the winter. -

Short-term service provides injection and withdrawal of
specified volumes over a short period, typically one or
two months, thus allowing more than one cycle per year.

Long-term service is an arrangement for inexpensive
long-term storage with limitations on withdrawals.

Balancing service allows day-to-day (or hour-to-hour)
injections and withdrawals to balance transportation and
utilization.

Price hedging service allows gas to be purchased during
the lower-cost summer months and resold in the winter
months at a higher price.

Not available
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MOSS BLUFF
Location:

Owners:

Pipeline Connections:

Status: .

Capacity:

Liberty County, Texas, about 60 miles east of Houston (see
map in Appendix A-2).

Tejas Power Corp. .and CMS Gas Transmission and Storage.

Tejas Power has transferred its share to Market Hub Partners,
a partnership among Tejas Power, NIPSCO Industries, New
Jersey Resources, Miami Valley Leasing (affiliate of Dayton
Power & Light) and Public Service Electric & Gas.

Texas Eastern Transmission, Natural Gas Pipeline, and
intrastates Channel Industries, Houston Pipe Line, MidCon
Texas, and Tejas Gas. A connection to Trunkline is also
proposed.

Salt cavern

Approximately 96 percent of presently available storage
capacity (Phases I and II) at Moss Bluff is contracted to four
customers: Channel Industries, Tejas Power, Northern Indiana
Public Service, and Northern Illinois Gas. An open season was
held in January 1995 for Phase III’s capacity of 2 Bcf. Moss
Bluff stated that proposed bids would be individually negotiated
at market-based rates. Open season results are not public.

In November 1994, Moss Bluff submitted a petition to FERC
for the approval of market-based rates and unveiled a new
menu of interruptible services including parking, wheeling,
balancing with loaning and parking, peaking loans, imbalance
trading, and title transfers.

T« | = |

Total # of Caverns 1 1 1
Total Working Gas Volume (Bcf) 1.7 56 7.6
Cumulative Deliverability (MMcf/d) 300 900 1,200 1'

Cumulative Injection (MMcf/d) 100 150 200
(Average)

II Start Date 12/90 12/93 9/95 II
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- MOSS BLUFF (continued)

Services/Benefits:

Terms of Service:

Tejas will have the ability to provide "ultra" firm daily
deliverability on demand from the Moss Bluff facilities. In
addition, that deliverability can be "swung down" on less than
one hour’s notice by injecting gas into storage, accommodating
extreme variations in customer gas demand almost
instantaneously. Customers may tailor Moss Bluff’s gas services
to meet virtually any need -- from daily peaking to winter
peaking to year-round swing -- with "unmatched" reliability.

Moss Bluff is promoted as ideal for needle peaking, daily
balancing, supply management and guaranteeing
takes/deliverability.

Each customer has capacity, injection, withdrawal,
transportation, and exchange capabilities provided at cost-based
rates that are discounted. The cost-based charges are:

Reservation - $.10-.21/MMBtu
Injection and withdrawal - $.01/MMBtu
Transportation/interchange - $.005-.05/MMBtu
Fuel -1.5%
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MS-1

Location:

Owners:

Pipeline Connections:

Type:

Status:

Capacity:

Services/Benefits:

Terms of Service:

Copiah County, Mississippi near Hazelhurst, about 80 miles
upstream of Kosciusko, Mississippi (see map in Appendix A-2).

Partnership of Tejas Power as operator, and TETCO.

Tejas has transferred its share to Market Hub Partners, a
partnership among Tejas Power, NIPSCO Industries, New
Jersey Resources, Miami Valley Leasing (affiliate of Dayton
Power & Light) and Public Service Electric & Gas.

On Texas Eastern’s system and near pipeline facilities of
Southern Natural Gas, Koch Gateway Pipeline, and Mississippi
Fuels (an Associated Natural Gas subsidiary).

Salt cavern

The scheduled startup date of Phase I operation is September
1997, assuming firm storage commitments are made by
September 1995. Estimated cost of the two-phase development
is $89-90 million. A portion of the project’s capacity has
already been reserved by Texas Eastern for its operational,
balancing and transportation needs. Texas Eastern is reported
to have signed a 15-year contract for 6 Bcf.

I

Total number of caverns 2
" Total working gas volume (Bcf) 6 9
IL Cumulative deliverability (MMcf/d) 600 900

Cumulative injection (MMcf/d) (average)

Start Date

MS-1 has the ability to provide "ultra" firm daily deliverability
on demand and will be able to "swing down" that deliverability
on less than one hour’s notice by injecting into storage (when
necessary), and accommodate extreme variation in customers’
gas demands almost "instantaneously."

Tejas will be able to "custom tailor” services to meet virtually
any need -- from daily peaking to winter peaking to year round
swings. Other claimed benefits are daily balancing, supply
management and take/deliverability guarantees.

Not available
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NAPOLEONVILLE
Location:

Owners:

Pipeline Connections:

Type:
Status:

Capacity:

Services/Benefits:

Terms of Service:

Assumption Parish, Louisiana, south of Baton Rouge (see map
in Appendix A-2).

Enron Storage

Louisiana Resource Company (LRC), Koch Gateway Pipeline
and Acadian Gas Pipeline; access to Henry Hub via LRC.

Salt dome
Began operation in December 1993.

Working gas capacity (Phase I) -- 4.6 Bef
Maximum withdrawal capability (Phase I) -- 400 MMcf per day
Maximum injection capabilities (Phase I) -- 200 MMcf per day

The bulk of the capacity has been leased to third parties,
including pipelines, local distribution companies and marketers
who are major players in the southeast, northeast and midwest
regional gas markets.

Phase II will add 3 Bef of working gas with an additional 200
MMcf per day of deliverability capability. This capacity will be
developed over the next two to five years, depending on market
responses.

Enron’s Louisiana hub "will serve as a buffer between the real
world and the strict NYMEX rules [at the Henry Hub] and
pipeline tolerances." As an intrastate pipeline, LRC has more
flexibility and less stringent policies on balancing, nominations
and other provisions than on interstate pipelines. Enron also
expects its Louisiana hub services to enhance NYMEX trading.

Enron is offering a new hub trading program, EnServ Flow
Management, that will provide access to the Henry Hub and
numerous other pipelines in the area through Enron’s LRC
intrastate pipeline system. These services will be backed by the
Napoleonville storage facilities.

Enron is seeking market-based rates from the FERC covering

Section 311 services at Napoleonville, allowing the company to
move gas out of storage to interstate markets.
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NE-1/TIOGA
Location:

Owners:

Pipeline Connections:

Type:

Status:

Capacity:

Services/Benefits:

Terms of Service:

Tioga County, Pennsylvania (see map in Appendix A-2).

Market Hub Partners -- a partnership among Tejas Power,
NIPSCO Industries, New Jersey Resources, Miami Valley
Leasing (affiliate of Dayton Power & Light) and Public Service
Electric & Gas.

CNG near Tioga, Pennsylvania .
Tennessee Gas Pipeline near its Station 315 in north central
Pennsylvania.

Investigating connecting to the Leidy line.
Salt caverns

Open season held during May and June 1995. Firm setvice is
expected to be available in the winter of 1997/98.

Working gas capacity -- 10 Bcf, to be developed in two phases.
Available marketable capacity -- 2.5 Bef

Maximum withdrawal capacity -- 500 MMcf/d

Maximum injection capacity -- 125 MMcf/d

Services will be customized for each user’s needs. Withdrawal
services of five to 60 days and injection capabilities of 20-60
days are possible. _

Market Hub Partners lists the following representative rates but
plans to request market-based rates. :

Firm - $.30-45/MMBtu of nominated capacity
per month

Capacity-  $.015 for each MMBtu injected and
withdrawn, plus actual fuel
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OUACHITA RIVER

Location:

Owners:

Pipeline Connections:

Status:

Capacity:

Services/Benefits:

Depleted South Downsville field in Union and Lincoln parishes,
Louisiana (see map in Appendix A-2).

Operated by Matrix Partners, Inc. and owned by Leucadia
Financial Corp. and Ouachita River Partners, L.L.C.

An interconnection with Mississippi River Transmission’s
Perryville station provides access to eight interstate pipelines --
ANR Pipeline, Mississippi River Transmission, NorAm Gas
Transmission, Tennessee Gas Pipeline, Texas Eastern
Transmission, Koch Gateway Pipeline, Southern Natural Gas,
and Texas Gas Transmission, and one intrastate -- Transok.
Through these interconnects, customers can access 2,105 MMcf
of receipt and 3,430 MMcf of delivery capacity.

Depleted field

The original plan was to have the South Downsville project in
service by the winter of 1995-96. To meet that in-service date,
Ouachita must begin construction by spring 1995.

Working gas -- 27 Bef
Cushion gas -- 13.5 Bcf

The facility can be expanded to handle an additional 8 Bef of
working gas capacity if market conditions are favorable.
Proposed withdrawal capacity is 550 MMcf per day and
proposed injection capacity is 250 MMcf per day.

Will offer service profiles ranging from 15-day high
deliverability ~peaking/balancing service to an 80-day
seasonal/balancing service.

Key features of firm storage service include firm injections and
withdrawal rights on any day, the ability to cycle working gas
capacity multiple times each year, the ability to roll over
quantities from year to year, inventory transfer rights and
capacity release rights. Under Rate Schedule FSS, a
prospective customer can stipulate a maximum storage quantity
(MSQ) and a maximum daily withdrawal quantity (MDWQ) to
establish a unique storage profile.
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OUACHITA RIVER (continued)

Terms of Service:

As a result of the integrated nature of the storage and header
facility, Ouachita River will not offer firm hub services at this
time. Firm hub capacity will be reserved for firm storage
customers.  Customers who enter into storage service
agreements under Rate Schedules FSS or ISS shall also receive
firm or interruptible transportation service through the header
system.

Under Rate Schedule IHS, Ouachita River proposes to offer
interruptible hub service with 250 MMcf of capacity utilizing its
header facilities located near Monroe, Louisiana. THS service
will include interruptible transportation among the pipelines
connected to Ouachita River’s header system, interruptible daily
hub storage service, imbalance management and title transfers
consistent with development of Perryville as a national market
center.

Rate Schedule FSS and ISS include a storage capacity charge,
storage injection and withdrawal charges, and a fuel
reimbursement charge, all to be negotiated. Upon receipt of
certificate authorization, Ouachita will hold an open season and
evaluate bids received on a non-discriminatory, net present
value basis. Rate Schedule IHS includes a hub transportation
charge, a hub storage charge, and a fuel reimbursement charge,
all to be negotiated.
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PETAL
Location:

Owners:

Pipeline Connections:

Type:

Status:

Capacity:

Services/Benefits:

Terms of Service:

Forrest County, Mississippi (see map in Appendix A-2).

Petal Gas Storage, subsidiary of Chevron U.S.A. Inc;
operated by Warren Petroleum Co., a division of Chevron.

Koch Gateway Pipeline and Tennessee Gas Pipeline
Salt dome
Operational since February 1, 1994.

As a result of the initial open season held in December 1993,
Chevron US.A. Production Co. was allocated 2.7 Bef
(approximately 84 percent) of working gas capacity. The
remaining 0.5 Bef (approximately 16 percent) was allocated to
an unaffiliated third party. Chevron U.S.A. Production supplies
all 1.8 Bef of base gas.

Working gas capacity -- 3.2 Bef
Injection capability -- 160 MMcf/d
Withdrawal capability --320 MMcf/d
Cycling can be completed in 30 days

Firm and interruptible storage services are designed and
negotiated to meet user’s needs.

Operating features include the following:

high deliverability

rapid supply replenishment

no supply requirements for base gas

intra-day service 365 days per year

rapid response to nominations

EBB communications

interconnects downstream of major bottlenecks

L K R X & 2

All contract conditions, including the capacity and reservation
demand charges, injection and withdrawal charges, fuel
reimbursement charge, and minimum storage terms are
developed through negotiation.
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PUTAH SINK

Location:

Owners:

Pipeline Connections:

Status:

Capacity:

Services/Benefits:;

Terms of Service:

Northern California, just southwest of Sacramento (see map in
Appendix A-2).

Nahama & Weagant Energy Co. and John Hancock Life
Insurance Co.

PG&E’s Line 400 (1 Bef/d)

PG&E'’s regional transmission lines (10-60 MMcf/d)

Mojave’s extension via the proposed S.M.U.D. pipeline (85
MMcf/d)

Dow/Shell Pipeline (50 MMcf/d)

Depleted field with two pools
Pre-development

Two separated pools, 6,700 feet deep, each with good
permeability and porosity and the following capacity:

East Pool West Pool
Working Capacity 13.2 Bcf 9.5 Bef

Withdrawal Rates 300 MMcf/d 300 MMcf/d
Injection Rates 90 MMcf/d 90 MMcf/d

Putah Sink will offer firm, semi-firm and interruptible storage
with the following advantages: '

reliability: firm service to core customers

balancing: short-term gas cycling service during the
injection/withdrawal season

peaking service

managing gas contracts

storage in close proximity to northern California’s
industrial customers

accessibility and storage of low-cost Canadian gas

an independent storage project in a growing California
market

* e G006 oo

Not available
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RICHFIELD
Location:

Owners:

Pipeline Connections:

Type:
Status:

Capacity:

Services/Benefits:

Terms of Service:

Morton County, Kansas

Richfield.Natura] Gas, Inc., Centennial Storage Corporation
and Houston Gas Storage, Inc.

Northern Natural Gas, Panhandle Eastern Pipe Line, Colorado
Interstate, and Western Resources.

Depleted field
Began operation in 1994,

Working gas capacity -- 3.5 Bcf
Maximum withdrawal capability -- 50 MMcf per day

Richfield had four distribution companies sign precedent
agreements for firm service prior to construction of the facility:
Midwest Gas (a division of Iowa Public Service Co.) with 1.3
Bcef of working gas and maximum withdrawal capability of 21.2
MMcf per day; (2) Iowa Gas and Electric with 1.5 Bef of
working gas and maximum withdrawal capability of 15 MMcf
per day; (3) Michigan Gas Co. with 0.3 Bcf of working gas and
maximum withdrawal capability of 5 MMcf per day; and 4)
City of New Ulm, Minnesota with 0.3 Bcf of working gas and
2.4 MMcf per day of maximum withdrawal capacity.

Richfield has obtained FERC permission for market-based
rates. The storage project’s proposed rates filed with its
application are as follows:

¢ Monthly reservation charge -- $2.71 per MMBtu

4 Annual capacity charge -- $.39 per MMBtu of quantity
of gas to be stored annually

¢ Injection and withdrawal charges -- $.025 per MMBtu

In addition, the company charges a winter delivery charge of
$0.26 per MMBtu and would impose penalties for overages or
underages. Customers leaving gas in the field would continue
to pay the applicable rate.

Base gas of 2 Bcf is provided by Richfield.
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‘RIVERSIDE
Location;
Owners:

Pipeline Connections:

Type:

Status:

Capacity:

Services/Benefits:

Greene and Fayette counties in southwestern Pennsylvania

General partners are ET Storage Co., (subsidiary of Equitrans
Inc.), and Texas Eastern Riverside Co., (subsidiary of Texas
Eastern Corp.)

Texas Eastern Transmission
Depleted field

FERC application initially filed in March 1994. Estimated
development cost was $27.6 million. Delayed beyond 1995-96
winter heating season. In May 1995, Riverside filed an
amended application because further testing has indicated that

‘Riverside will not be able to achieve the capacity and

deliverability stated in the certificate application. Texas
Eastern and Equitrans are meeting with proposed customers to
discuss permanent alternative projects to satisfy their needs.

The associated Riverside transportation project’s certificate
application has been amended to account for the delay in
completion of the storage facilities and loss of Eastern Shore
Natural Gas as a firm customer. PECO Energy (29.2 MDth/d)
and UGI Utilities (4.0 MDth/d) are the only remaining firm
shippers. -

Because of the delay in the storage project, PECO has made
alternate permanent storage arrangements with Panhandle
Storage.

Total capacity -- 5.1 Bef
Working gas -- 3.1 Bef
Cushion gas -- 2.0 Bef

Two firm storage services -- 90-day withdrawal service under
Rate Schedule 90SS, and 30-day withdrawal service under Rate
Schedule 30SS: (1) 2.54 Bcf of firm baseload storage under
Rate Schedule 90SS with an aggregate maximum daily
withdrawal quantity (MDWQ) and maximum daily injection
quantity (MDIQ) of 29.21 MDth per day, and (2) 560 MMcf of
peak storage service under Rate Schedule 30SS, with an
aggregate MDWQ and MDIQ of 19.32 MDth per day.
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RIVERSIDE (continued)

Terms of Service:

Under these services, customers may inject or withdraw gas on
any day during the year, subject to the requirement that
customers must fully inject 100 percent of contract storage

. entitlements on one occasion during the summer period of each

year and must withdraw at least 75 percent of contract
entitlements on one occasion during the winter season.

Tariff contains storage withdrawal ratchets, whereby customers
will be limited to 85 percent of MDWQ during the last days of
the withdrawal season when aggregate storage inventory falls
below 2.5 Bcf.

Interruptible storage service under Rate Schedule ISS-1.

As amended, the proposed reservation charge will be
$10.90/Dth.
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RUSH CREEK
Location:

Owners:

Pipeline Connections:
Type:

Status:

Capacity:

Services/Benefits:

Terms of Service:

15 miles south of Kimball, Nebraska, in Weld County, Colorado
(see map in Appendix A-2).

Williams Storage Company and Piceance Natural Gas
KN Interstate Gas Transmission and Trailblazer Pipeline
Depleted gas field

Expected to begin December 1996.

Working gas capacity -- 3.5 Bef
Injection rights -- 100 MMcf per day
Deliverability -- 120 MMcf per day

Results of the open season indicate adequate demand to fully
subscribe the working gas capacity.

According to Williams, "by providing the shortest available
cycling time in the region, Rush Creek can serve as a
traditional baseload facility or as a high-performance peaking
and balancing facility. Rush Creek will have the "least
expensive" single-cycle rates in the region and multiple cycle
rates as low as $0.20/Mcf." In addition, the new project will
offer daily electronic posting of field and account information,
and will work with pipelines to develop a single rate and
nomination system.

| Not available
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SOUTHWEST WYOMING
Location:

Owners:

Pipeline Connections:

Status:

Capacity:

Services/Benefits:

Near Evanston in Uinta County, southwest Wyoming (see map
in Appendix A-2).

Questar Pipeline

Major pipelines near the project site are: Questar, Kern River
Gas Transmission, Northwest Pipeline, Overland Trail
Transmission, Overthrust Pipeline, Colorado Interstate Gas and
Williams Natural Gas.

Salt cavern
Proposed development

Although a maximum of five storage caverns are identified,
with a potential 12.5 Bef of capacity, Questar has two
development alternatives for the first two caverns: the first
option puts one half of the first cavern in service with 1.5 Bef
of working capacity within three years, and the second cavern
and the remainder of the first cavern would be completed
within seven years. The second option fully develops the first
cavern in just under three years, and develops the second
cavern within the seven-year period.

Expected performance of the two caverns:

L 4 Working capacity S Bef
4 Withdrawal rate (100%-20% inventory) 500 MMcf/d
¢ Withdrawal rate (minimum inventory) 60 MMcf/d
¢ Injection rate 40-300 MMcf/d*
4 Potential Cycles per year 2 to over 122

Not available

1

The injection rate will depend upon the capacity of installed compressors. Final facility configuration

will be based upon customer requirements.

2

Actual cycling depends upon injection rate, to be determined.
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SOUTHWEST WYOMING (continued)

Terms of Service:

Questar has estimated the rates for storage service from the
two caverns with 5 Bef of working gas capacity under the two
development alternatives. The per unit rates depend on the
number of cyclings per year (e.g., spreading fixed costs over

greater volume).

Cost Per Cycle,
Maximum Utilization*
($/Mcf)

Maximum Cycles
Per Year

Option 1

Option 2

1.68

133

0.86

0.69

045

032

* Does not include royalties to Wyoming,

estimated at $0.0135/Mcf/cycle
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SPINDLETOP

Location: East Texas (see map in Appendix A-2).
Owners: - Centana Intrastate Pipeline Co., a subsidiary of Panhandle
Eastern Corp.

Pipeline Connections: Connected by Centana Pipeline (450 MMcf/d) to Texaco’s
Sabine Pipe Line. Many other pipelines are in the general

vicinity.
Interconnects Available

I Pipeline MMcf/d "

II Texas Eastern Transmission 200 "

" Florida Gas Transmission 75
Sabine Pipe Line Company (Texaco) 130
Natural Gas Pipeline Company 60
Amoco Gas Company 60 "
Channel Industries 65
Tejas Gas 270 a/ "
MidCon Texas 325 a/ "

ll Houston Pipe Line Company 100 II
Sonat Searim 25
Lonestar 40

a/ Includes proposed interconnect expansions.

NOTE: Only Texas Eastern, Florida Gas, Sabine,
Tejas Gas, MidCon are bi-directional.

Type: Salt domes

Status: Began operation in 1993; currently has seven firm customers
including marketers (Natural Gas Clearinghouse), producers
(Chevron and Mobil) and end-users.

Capacity: Working gas capacity -- 5.2 Bef
Maximum deliverability -- 600 MMcf per day
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SPINDLETOP (continued)

Services/Benefits:

Terms of Service:

The third cavern is currently being leached to create an
additional 6 Bcf of working gas capacity by late 1997.

Total hub wheeling capacity is 700 MMcf per day.

In addition to the firm and interruptible storage services,
Centana is also offering hub services at Spindletop -- parking,
lending, balancing, wheeling, and title transfer.

Currently, Spindletop has seven firm customers.

Spindletop is under the jurisdiction of the Texas Railroad
Commission. Reported rates are demand charge of $.10 per
Mcf, deliverability charge of $.12 to $.27 per Mcf, injection and
withdrawal charge of $.01 to $.02 per Mcf, with fuel retention
of 2 percent.
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TEN SECTION

Location;

Owners:

Pipeline Connections:

Type:

Status:

Capacity:

Services/Benefits:

Terms of Service:

Kern County, about 10 miles from Bakersfield, California (see
map in Appendix A-2).

McFarland Energy

Pacific Gas & Electric, Kern River Gas Transmission/Mojave
Pipeline, and Southern California Gas.

Partially depleted oil and gas field
Proposed in-service date of Aprﬂ 1996.

McFarland Energy has been working on the development of the
project since about 1992. The company’s initial efforts were in
the California legislature, where a bill was passed in late 1992
urging the California Public Utilities Commission (CPUC) to
require distributors to unbundle storage service from their
transportation service. The CPUC mandated service
unbundling by Southern California and Pacific Gas and Electric
in 1993 and 1994, respectively. Now, California’s utility
customers have the option of obtaining storage offered either
by the utilities or by independent providers. Therefore,
independent storage providers will compete directly with the
state utility’s non-core storage programs. The CPUC’s orders
also required that non-discriminatory delivery entities will have
to obtain a certificate of public convenience and necessity from
the CPUC, and market-based rates will be permitted.

| Potential to store 25 Bcf of working gas, with base gas of 20

Bef. Potential maximum deliverability is 500 MMcf per day,
and the ultimate project size will depend on the market
demand.

Ten Section is "very strategically located" for a storage and/or
hub project because of the number of pipelines with delivery
points nearby. The most likely customers of the project are
large end users with fluctuating demands.

Not available
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THOMAS CORNERS

Location:

Owners:

Pipeline Connections:
Type:

Status:

Capacity:

Services/Benefits:

Terms of Service:

Steuben County, New York, south of Rochester (see map in
Appendix A-2).

Steuben Gas Storage Co., a partnership of ANR Northeastern
Gas Storage and Arlington Associates Limited Partnership.

CNG Transmission and Tennessee Gas Pipeline
Depleted gas field

Pending regulatory approval, the company could begin
providing storage service from the field in the fall of 1996.

Working capacity -- 5.3 Bef
Maximum withdrawal capacity -- 70 MMcf per day

Steuben will offer firm storage service ranging from 50 days to
126 days with year-round injection and withdrawal rights on 4-
hour notice. Customer will have the option either to provide
base gas quantity, or pay a base gas surcharge.

Steuben has entered into a firm storage service precedent
agreement with Virginia Natural Gas covering 1.35 Bef of
capacity and will hold an open season to allocate the remaining
capacity.

Steuben has requested FERC approval for market-based
interruptible and firm storage rates for the facility.

Steuben’s key gas storage agreement provisions include the
following:

¢ Storage Demand Withdrawal Quantity (SDWQ) shall be
defined by the service selected within the range from
1/50th to 1/126th of the customer’s Maximum Storage
Quantity (MSQ). The Maximum Daily Withdrawal
Quantity (MDWQ) shall be equal to the SDWQ until a
certain percentage of the MSQ is withdrawn and
thereafter reduced in steps until the remainder is
withdrawn, as specified for the selected service.
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THOMAS CORNERS (continued)
L 4

Storage Demand Injection Quantity (SDIQ) shall be
1/140th of customer’s MSQ until 50 percent of the MSQ
is injected. Thereafter the Maximum Daily Injection
Quantity (MDIQ) shall be reduced to 1/187th of MSQ.

Volumes in excess of the MDIQ and MDWQ may be
provided at no additional cost.

Volumes may be injected and withdrawn on a firm basis
throughout the year.

Volumes in excess of the Maximum Storage Quantity
Volume may be cycled annually with no overrun charge.

There is no requirement that gas be removed from
storage annually nor penalty for failure to do so.

Changes to nominations for withdrawals or injections
can be made at any time upon four hours’ prior notice.

Steuben shall retain fuel equivalent to 1.5 percent of
injection volumes and 0.6 percent of withdrawal
volumes.

As a guide to interested customers, Steuben developed "base"
rates under 20-year contracts for selected services at Thomas
Corners. These rates will escalate by 2 percent per year after
the first year of service.

Market-Based Rates for Selected Services a/ b/

Withdrawal Service 100-day 75-Day 50-Day

Annual

Unit

"Basc” Rate ($/Dth) 1.07 120 130

These rates arc based on an 8 percent interest rate for long-term financing,
Excludes base gas.
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WASHINGTON 10
Location:

Owners:

Pipeline Connections:

Status:

Capacity:

Services/Benefits:

Terms of Service:

Southeastern Michigan, thirty miles north of Detroit near the
village of Romeo (see map in Appendix A-2).

W-10 Holdings, Inc. (50 percent) and ANR Washington 10
Company, Inc. (50 percent). Michigan Consolidated Gas
Company will be the operator of the field.

Consumers Power, Great Lakes Gas Transmission, Union Gas,
ANR Pipeline, Trunkline Gas, TransCanada PipeLines,
Panhandle Eastern Pipe Line, Michigan Consolidated Gas, and
Grands Lacs market center.

Depleted field

Application was filed with Michigan PSC in 1993 and approved
in late 1994. Planned to be in service in April 1997, but could
be delayed.

Total gas capacity -- 42 Bef
Peak withdrawals -- 800 MMcf per day
Peak injections -- 250 MMcf per day

Affiliates of the partners have signed 20-year contracts for the
full capacity of the field. Capacity will be remarketed through
various methods to LDCs, Marketers and End Users. The
field’s proximity to multiple pipelines will make the service
available to markets throughout the Midwest, Eastern United
States and all of Canada.

Service will be provided at market-based rates subject to a $1
per Mcf maximum rate approved by the Michigan Public
Service Commission.

Both the peak withdrawal rates and peak injection rates are

subject to ratchets depending upon the storage volume
inventory.
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WILD GOOSE

Location:

Owners:

Pipeline Connections:

Type:

Status:

Capacity:

Services/Benefits:

Terms of Service:

Butte County, California

The project was originally developed by First Reserve Gas
Company of Dallas, Texas, owner and operator of the
Hattiesburg Storage facility in Mississippi. In fall 1994, Wild
Goose’ ownership transferred to the two former top officials at
First Reserve.

A 20-mile, 30-inch high pressure pipeline will connect the
storage facility to a compression/gas treating facility and with
Pacific Gas and Electric’s 400/401 lines.

Depleted field

Phased development, projected for completion in mid-1997.
Canwest Gas Supply, a Canadian marketer, has contracted for
75 percent of Wild Goose’s capacity.

The initial phase will develop 9 to 12 Bef of working gas
capacity. Withdrawal capability is planned to be at least 600
MMcf per day and injection capacity will be at least 200 MMcf
per day. The field has the potential to expand to 30 Bef of
working gas capacity.

Firm contract storage with flexible contracts to provide gas
supply security and reliability, firm peak day delivery or electric
peak load supply in lieu of oil, and balancing services.

Long-term contracts are currently available at either fixed or
escalating rates under the following terms:

Term - 15 years

Quantity - MDWQ - 1/20th of capacity entitlement
MDIQ - 1/60th of capacity entitilement

Rates - deliverability demand - $1.00/Dth, subject
to 2% annual escalation
injection demand - $1.66/Dth
storage demand - $0.066/Dth
injection and withdrawal rate - $.015/Dth,
plus fuel
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YOUNG
Location:

Owners:

Pipeline Connections:

Type:

Status:

Capacity:

Services/Benefits:

Morgan County, Colorado

Limited partnership with two general partners, Young Gas
Storage Company and CIG Gas Storage Company (both
subsidiaries of CIG Stock Corporation) and one limited
partnership, the City of Colorado Springs, Colorado. Operated
by Colorado Interstate Gas Co.

Colorado Interstate Gas
Depleted field

Under development. FERC issued certificate in June 1994.
Total estimated cost is $44.4 million (including base gas).

When fully developed by 1998, Young will have total capacity
of 10 Bef, maximum working gas capacity of 5.3 Bcf and
maximum daily deliverability of 200 MMcf.

Four potential customers responded to Young’s 1993 open
season and Young accepted the bids of two to achieve full
subscription under 30 year contracts. Public Service Co. of
Colorado contracted capacity of 4.8 Bef and deliverability of
180 MMcf/d while the City of Colorado Springs contracted 0.5
Bef and 20 MMcf/d, respectively.

An important and valuable characteristic of the Young field is
the ability to turn around rapidly from withdrawal to injection
and then back to withdrawal. This capability will enable the
natural gas supply to be replenished between cold winter spells.
Young believes that this storage field will offer an excellent
natural gas service for the Colorado Front Range customers
and provide an adequate delivery service of natural gas to
consumers in the future as the Front Range growth generates
higher peak day demands. Market growth in the Front Range
is expected to average 1.5 to 2.5 percent per year over the next
several years.
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YOUNG (continued)

Terms of Service: Young’s proposed rates (as filed with FERC) are based on a
phase-in of the new facility’s costs and storage field expansion
over the four-year period. Young proposes new rates for each
phase, with the new rate becoming effective each year after the
in-service date of the facility. The initial filed rates are as
follows for years 1 and 4:

Rate per Mcf
Year 1 Year 4

FS-1 deliverability (per day) $6.4842 $1.8615
FS-1 capacity 0.1556 0.0702
FS-1 injection/withdrawal 0.0461 0.0208!

! The Commission’s Order issued June 22, 1994 found that Young’s cost estimates and capital structure
were generally acceptable, although the Commission reduced the cost of debt and return on equity.
However, the Commission will permit Young to reflect actual and prudent debt cost in its initial rates
when it files to establish the tariff rate in this proceeding.
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