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EXECUTIVE SUMMARY

The natural gas transportation policy currently belng fashioned at the
Faderal Energy Regulatory Commission (FERC) is changing the way in which gas
is bought and sold In the U.S., and the way in which its cost is regulated by
state public utility commissions. Local gas distribution companies ara
likely to have much greater freedom In contracting for gas than during any
perliod in the history of the industry. Instead of relying mostly on its
traditional interstate pipeline supplier(s), a distributor may have future
opportunicies to parcicipate directly in the wellhead gas market and to
arrange to transport the gas it buys through Interstate pipelines that have
decided to participate wvoluntarily in the federal gas transportation program
under the FERC Orders 436 and 500, Consequently, state regulatoers are faced
with the prospect of reviewing, understanding, and overseeing a
distributor’s contractual arrangements for gas supply to a much larger
extent than was the case when a FERC-regulated pipeline was the
distributor’s prineipal suppller, This report examines several facets of
the resulting effects on state regulatory pelicles, procedures, and
oversight activities, recent changes in the federal transpertation program,

and gquanticative modals to determine an optimal portfolic of gas supply
BOUTCES .,

The FERC Order 500 is & recent change in the nation's gas
transportation policy, It raquires a producer te offer a pipeline credics
againsr take-or-pay liability for gas that the producer wishes to transport
through the pipeline company’s facilities. The Order is an interim rule
that should make it easier for pipelines to obtain reliaf from take-or-pay
liabilities that might be mada worse when a pipeline transports gas. In
this way, the Order eases the tension that some pipelines have encountered

in attempting to make the transition from the role of gas merchant to that
of gas transporter.

State regulaters must be aware that Order 500 allows a plpeline company
to extract take-or-pay credits from a producer with regard to a set of
contracts between the pipaline company and the producer in exchange for an
agreement by the pipeline company to transport gas sold by the producer te
some other customer under an entirely separate set of contracts. Because of
the transition difficulties facing the gas industry, the D.C. Circuit Court
has affirmed the Commission's interim craediting plan in Order 500, thereby
approving this idea, which, in effect, uses one set of contracts to hold
hostage another. It should be noted that both the Court and the Commission
have expressed concerns over the privity of contracts. In their opiniom,
Order 500 does not constitute crass, governmental abrogation of contracts,
in the context of the current transition and im light of the fact that
govermnment rules are required im order to transport gas in the first place.

It is difficulc to know how the crediting mechanisa will work im
practice, which depends upon the interrelationships among contracts and
physical links between producers and plpelines. The data request issued by
the FERC in Ovder 500 should help industry analysts understand the Order’'s
implications.
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Two issues, in particular, could be studied further with the data.
First, the Commission may wish to impose a limic to the credicing mechanlam,
In certain circumstances, the combined actions of many LDCs converting thelr
contract demand to firm transportation services can effectively coowvert a
producer’'s high-priced, take-or-pay gas inte lower-priced gas to be sold in
the spot market and transported by the pipeline. The conversion occurs
because the crediting mechanism operates in terms of wvolumes. The dellar
value of one million Mef of take-or-pay cbligarions may be converted inre
the dollar equivalent of one and a half million Hef of transportation gas,
because of the differemce in the two prices. There are several natural
Llimits to this kind of conversien, but importantly, there is no limic te it
in Order 500.

The producer's option to not transpert at all establishes a limitc to
how much of his high-priced take-or-pay gas can be replaced by lower-priced
transportation sales before he would choose to forego the transportation
option, and instesd hold the pipeline to its teke-or-pay obligations. Thea
action of some producers withholding their transportation gas might place
upward pressure on spot prices in the short term. Other producers may find
the choice to be unattractive and may be exposed to the risk that all or
most of thelr take-or-pay obligations are effectively eliminated on a
continuing basis by Order 500. Less extreme cases are more probable.
Better data are needed to ascertain the extent of any such effects under
Order 500, and also to assess the resulting economic efficiemcy. In some
clrecumscances, & limit to the crediting formula (for example, a producer
might offer credits for up to, say, 23 or 50 percent of its annmual take-or-
pay obligations with a pipeline) might improve both ecomomic efficiency and
horizontal equity among producers. Economic efficiency would be Lmproved by
the inclusion of such a limit if Order 500, as written without a limit, were
to convert a larger fraction of the nation's long-term secure gas contracts
inte spot contracte than would be consiztent with the optimal aggregate mix
of long and short supplies. (This is an abstract, but nonetheless real,
concept of efficiency that would be difficult to evaluste in practice.)
Horizontal equity would be improved if some small set of producers 1s
exposed, In the abaence of a limit, to very large financial risk because of
the effective elimination of their take-or-pay contractual provisions.

A& second lssue for possible further study is the interaction between
Orders 451 and 500. Contracts terminated under the pgood-faith bargaining
rule of Order 4351 are not subject to the crediting requirement of Order 500.
In Order 451, the Commission does not require a producer to repay the
pipeline for amy take-or-pay prepayments that might remain when a contract
is terminated, The Commission’'s logic in Order 451 was that it did not want
to interfere with the negotiation process, The clause exempting a producer
from the crediting rule in Order 500 Is consistent wich its Order 451
negotiation rule, That f{s, If the Commission allowed transportation credit
for gas released under the Order 451 good-faith megotistion rule, it would
effectively eliminate the contract's teke-or-pay prepayments. The
Commission explicitly declined to do this in Order 451 and has decided that
the transportation credit formila in Order 500 will not be allowed te do the
same thing implicitly. A neutral poliey, it eould be argued, would allow
such credits up to the accumulated amount of the prepayments, regardless of
the identity of the transporting pipeline. Since Order 451 was adoptaed
bafore the Court had glven implicit approval of the idea of a crediting

rule, the Commission may wish to address the issue again in fashioning a
final rule.
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To assess state commission actions and procedures regarding
distributor-producer contracts, the NRRI conducted a survey of the
commissions during the summer of 1987. Most commissions review the gas
supply contracts of thelr jurisdictional distributors as part of a purchased
gas adjustment process. Almost all states reserve the right to subject &
distributer's purchasing practices to a prudence review, although few have
actually conducted such an investigation. Many states have a requirement,
sometimes mandated by statute, that a distributor must purchase a least-cost
portfolio of supplies though the meaning of "least-cost" is necessarily
imprecise. Rellability and dispacchability are examples of service gquality
differences that are difficult to measure in the same terms as price. Other
than a prudence review or & least-cost regquirement, most states do not have
any other mechanizm to create an incentive for a distributor teo purchase gas
efficiently. An example of such a mechanism, used in a few states, iz a
formula that would allow a discributor to kesp a portion of the savings
achleved by a reducclon In supply costs,

Also in the summer of 1987, the WERI collected a sample of lomg-term
gas supply contracts becween producers and discributers. The collection
costs were high and the sample is relatively small, consisting of 28
contracts suitable for detailed gquantitative analysis. The current
transition perled that the gas Industry ls experiencing 1ls only partially
completed, and that which we have obzerved has ocecurred while the market has
been slack. Also, the sample is not necessarily representative (the
distributors are mostly in the Hidwest). Despite these limitations the
sample 1s nonectheless suggeative. It shows that im a slack gas market, &s
currently exlats, contract prices for gas are likaly to be about 20 cents
per Mcf, or about 9 percent, higher than spot prices. That differential
tends to be smaller at higher levels of the spot and contract prices, These
observations are consistent with the behavior of contract and spot prices in
other markets.

Contractual terms appear to Influesnce the inlcial price in a contract.
The HRRI classifies the most {mportant contractual clauses as affecting the
buyer or seller’'s flexibility of adjusting either future prices or future
quantities. The HERI constructed an index to measure price adjustment
flexibility and quancity adjustment f£lexibility by ranking the contracts
according to the contractual terms inm each contract that are relewvant to
each notion of flexibility. Price and quantity flexibllity have an effect
on the initial price in a contract because they represent types of risks
borne by the buyer and seller as future circumstances change, These
contractual risks wvary for two reasons. A distributor may wish to have a
range of contracts with adjustment terms from easy to difficult to
correspond to the profile of risks assoclated with its demand conditions.
Also, risk conditions can differ between distributers, and for that reason a
particular distributor may adopt more rigid contract terms to compensate
partially for local-specific risk. These two reasons give conflicting
expectations about hew quantity flexibillty in a contract, for example, will
affect the initlal contract price. The first reason suggests that more
rigid quantity terms should be associated with a lower contract price, while
the second suggests rigid quantity specificarions in a contract can
partially offset local, high-risk conditions that result im higher prices.
Consequently, identifying and estimacing these separate effeccs require a
particularly rich data set. The small sample collected by the NERI, not
surprisingly, is only partially successful in unraveling the relatiom
between contract price and contract terms. Because of the geographical



variation within the sample, the adjustment indices are mostly a proxy for
supply security and therefore are estimared to increase the contract price.
A richer data set |s needed to disentangle the relationships further,

Data Envelopment Analysis is a promising technique for assessing the
relative efficiency of regulated entities, or in this case, gas supply
contracts. The use of the technique In this report is intended a5 an
introduction of it to the state regulatory community. By using the DEA
procedure, & staff member can find an efficiency index for each entity
(production unit or a contract) in his sample, based upon the constructcion
of & frontier that literally emvelopes the sample, called the "best practice
frontier." Comparisons of individual entities with the bast practice
frontier form the basis of the efficiency measurement, This ldea can be
used to examine a set of contracts and to identify those that appear to
deserve additional serutiny. In chis way, a commission staff member could
concentrate discussions with a distributor's gas supply manager on those
contracts that are unusual in price or contractual terms.

Besides assessing the merits of individual contracts, commissions must
be concerned also with the overall gas purchasing strategy of an LDC and the
resulting porcfolio of gas supplies. There are a number of quancicative
techniques that commission staff members might use to assess a distributor's
plan. Two promising techniques are the mean-variance analysis sssociated
with fimancial portfolio theoryv and a two-stage linear programming
formulation of the supply mix problem, Both techniques are amenable to
computer solution using mathematical programming software packages that are
commonly available.

Either of these types of models could form the basis of a screening
process by which obviously inferior supply sources are identified and
eliminated. Following the screening process; more datalled analysis of the
portfollie selecrion problem could be conducted using an NRRI computer model,
GASMIX. The model iz a user-friendly program written in FORTRAN to runm on a
mainframe computar. It analyzes the supply mix problem of a distributor
using & sophisticated combination of linear programming and simulatiom
technigues.

Because of the complex and changing nature of the natural gas induscry,
it is not possible to anticipate now the varlety of problems likely to
confront state regulaters in reviewing and overseeing a distributer's gas
purchasing plan. This report deals with several important issues, including
the implications of the FERC Order 300, the relation between long-term
contract prices and spot prices and also between contract price and other
contractual terms, the efficiency of individual contracts, and the nature of
an optimal portfolio of gas supply sources. Additional issues will continue
to emerge as this industry adjusts to its new configuration of competitive
wellhead markets and regulated tramsportation services.
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FOREWORD

This report deals with gas supply contracts and the new context in which
they take place; thelr Inctent and how their wvarious elements may be
technically analyzed in order to achieve appropriate levels of commission
oversight. Two surveys were conducted by the FREI te secure basic data--one
involving review of actual gas contracts and one asecertsining existing state
commission treatment of distributor-producer contracts, Several methods of
gquantitative analysis are offered for use in examining the phenomenon of
direct purchases.

Douglas H. Jones

Director
Columbus, Ohiao
Decembar 31, 1987
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CHAPTER 1

INTRODUCTION

The natural gas transportation program currently being fashioned at the
Faderal Energy Regulatory Commission (FERC) 1= changing the way In vwhich gas
is bought and sold, and the way in which its cost is regulated by state
public utility commissions. Local gas distribution companies (LDCs) are
likaly to have much greater fresdosm in contracting for gas in the futurs
than at any time in the history of the industry. Instead of relying mostly
on its traditional interstate pipeline supplier{s), an LDC may have future
opportunities to participate in the wellhead gas market directly and to a
greater extent than in the pasc, The FERC transportation program under
Orders 436 and 500 alleows a supply manager of an LI to arrange the
transportation needed to move gas that he may wish to purchase from
producers in diszecane fields., The federal gas transportation policy remains
unsettled at this writing; nonethealess, the industry appears to be moving
toward a8 structure where the interstate pipeline companies will provide
significant transportation services in the future, as opposed to their
merchant function of the past. State regulators, then, are faced with the
prospect of reviewing, understanding, and overseeing an LDC's contractual
arrangements for gas supply to a much greater extent than was the case when
a FERC-repgulated pipeline was the LDC's principal supplier, This reporc
seeks to familiarize state commissioners and staff members with several
aspects of the gas market in general and with gas supply contracts in
particular.

State commission staff members may not be fully familiar with the
regulatory oversight and management that will be needed to moniter direct
Eas purchases by local distributors. Heretofore, state commissions could
rely on the FERC to review the approprlateness of Interstate pipeline
purchasing practices. Local distributors may buy some gas from local



producers, but most often the bulk of a distributor’s supplies currently
comes from interstate pipelines that are under FERC jurisdietion. The FERC
Drder 436 may change this if many pipelines decide to accept the FERC offar
of becoming nondiseriminatory carriers, and if local distributors dacide to
exercise their option to reduce ctheir contract demsnd with pipelines. If
such clrcumstances actually occur, state commissions need to be prepared for
more detailed and extensive review of purchasing contracts.

Commissions pust be prepared to monitor and track a distributor’s gas
coscs, In many cases, cost tracking mechanisms are used already by
commizsions, and may need only minor modification. Monitoring the terms of
the gas contract, however, ls likely to be a new activity in most
comnissions., The lssues are similar to those involved in overseeing the
eoal contracts of electric utilities. The monitoring of gas contracts can
be npprdi;h:d in two waye, One iz to audic or examine the utllity’s own
purchasing practices. The second 1z to compare a distributer's contracts
with those of other LDCs, possibly those within the commission'®s
Jurisdiction., Since the detalled regulaclon of direct gas purchases is
relatively new to commissions, some may be interested in supplementing the
audit function with some comperative analysis. Both approaches are
addressed in this report.

Since the importance of an LDC's direct gas purchase contracts stems
from the federal transportation pelicy, this report begins in chapter 2 with
a digecussion of the evolving industry structure and the recemt FERC Order
300, The chapter contains a brief review of the federal transportation
programs up to and Including the FERC Order 436. The more recent FERC Order
500 is desecribed in greater detail, including an analysis of some policy .
Implications of the Order. This material should be Interesting to state
commissions because the lssue has to do with regulatery treatment of take-
or-pay terms in pipeline-producer contracts and also because the federal
resolution of the issue will affect the transportation options avallable to
an LI,

To help focus the report om gas contracts, the third chapter describes
the typical kinds of gas contracts used in the industry., An Important
distinction is made between spot market contracts and lenger-term contracts,
The chapter describes the typical clauses and terms in both types of



contracts, and discusses what regulators might expect to be reasonable
behavior of spot prices wversus contract prices.

The NRRI conducted a survey of state commissions to ascertain their
policies and procedures regarding a jurisdictional gas company’'s direct gas
supply contracts. The results of that survey are summarized in chapter &4
and described in greater detail in appendix A. This chapter should be
interesting to commissioners who would like to know the policy direction
taken by other state commissions.

The NRRI also collected a sample of long-term gas supply contracts
signed by distributors in Kentucky, Ohio, Michigan, and Mississippi. The
gasple 1s small, omly 28 long-term contracts met all of our regquirements.
Honetheless, its detail permits a sophisticated statistical analysis to be
made of the relationship batween the Iinitlal price of a long-term contract
and such factors as the prevailing spot price and the presence or asbsence of
contractual terms like a take-or-pay clause. The quantitative analysis is
presenced in chapters 5 and &, and the sample itself {s described in
appendix B. Chapter 3 contains an analysis based on conventional
statistical concepts like mean, standard deviation, and regression analysis.
Chapter & reports on an analysis of the sample using a recently developed
technique called Data Envelopment Analysis (DEA). The DEA technique can be
used to identify thoses contracts that are efficient (in a parcieular
gense) and those that are Inefficient by comparison. The technigue is quite
general and could be used to study the relative efficiency of other aspects
of public urilicy regulation, such as power plant productivity issues or
Inter-ucilicy performance measurements. In part the NRRI is using this
report to lllustrate the use of DEA to the state regulatory community. It
has not been included in previous NRRI performance measurement arudies, !

The Public Utility Regulacory Commission of Texas, however, has used the
technique to assess the efficiency of electric cooperatives.”? Since this is

! See, for example, Luc Anselin and J. Stephen Henderson,
System for Utility Performance Evaluation (Columbus, Ohic: The Natiomal
Regulatory Research Imscicuce, 1985).
! Dennis L. Thomas, Auditing the Efficiency of Regulated Companies: An
: = . - Ele BT E pg (Austin,

Texas:



the first occasion for use of DEA by the NERI, s technical description of
the technique is included as appendix C of this report, for more
technically-oriented commission staff members.

Chapters 3 through & of the report, them, deal with issues regarding an
individual contract--its typical comstructien, its price, the relatiom
between its price and other factors, and its relative efficiency. Chapter 7
discusses the issue of combining such contracts into a supply portfolio =o
as to manage the risk now facing an LDC that decides to purchase a large
fractiom of its supply directly from producers. Two approaches are
identified in the chapter--the mean-varliance analysis associated with
financial portfolio theory and a two-stage model of decision making under
uncertainty. Both approaches are extensions of a previocusly developed gas
supply model discussed in chapters 5 and & of the NERI report Hatursl Cas
Bate Design... (cited in footnote 1). That model, called GASHIX, has bean
modified for easier use on a main frame computer. A user's manual for
CASMIX is in appendix D of thiszs report. The model is available to
commissions through the NRRI model dissemination program. Chapters 5, &,
and 7, as well az appendlces C and D, discuss quantitative methods
commisslons could use to examine Individual gas purchase contracts and
portfolios of contracts. The material is presented in a descriptive manner
for the most part; however, some technical details are also discussed.

This teport deals wlcth state commission concerns about gas supply
contracts at several levels--from policy analysis of the federal
transpertation program and a description of state oversight procedures to
technical medeling of an LDC's portfollo cholce problem. The intent is to
present the policy issues to state commizszioners and staff members and to
suggest analytical approaches to them that may be helpful in assessing the
contracts and the supply plans of a distributor.



CHAPTER 2

HATURAL GAS TRANSPORTATION ISSUES

Prior to 1984, the major suppliers for wirtwally all local gas
distribution companies outside of Texas, Louisiana, and Oklahoma were
interstate pipeline companies, The plpeline companies purchased gas in gas
fields in cthe southwescernm U.%., Appalachia, and the Rocky Mountain region,
transported it to distant consuming areas, and sold it. Most pipeline salas
ware made to local distribution companies (LDCs), who in turn rescld the gas
to industrial, commercisl, and residential end-users. The pipeline
companies acted as gas merchants, selling a combined or bundled product that
consisted of the gas commodity itself and its transportation service. Since
1984 the role of the interstate pipeline companies has evolved away from
merchandising toward the transportation of gas that is purchased directly by
the LICs or final users, The importance of direct gas purchase contracts
between an LDC and a producer has emerged as a result of the Natural Gas
Policy Act of 1978 (NGPA) and a series of regulatory iniciaciwves on the part
of the Federal Energy Regulatory Commission regarding gas transportation,
and also as a result of court cases reviewing these initiatives. This
chapter outlines the recent developments at the federal level as a way of
providing & context for underscanding the increasing impeortance of direct
gas purchases in an LDC's future supply portfolio.

Overview of FERC Trapsportation Policy

As Is widely recognized, the matural gas industry is undergoing a
transition from a regulatory environment characterized by tight oversight
and complex rules to one that will rely more on competitive forces,
particularly at the wellhead. Traditionally, the FERC, and its predecessor

the Fedaral Power Commission, were concerned with protecting consumers from



high, monopoly gas prices, and with assuring that supply was -adequate. The
current focus on consumer protection remains substancially the same;
however, the NGPA of 1978, and the FERC, under ics Order 436 of October
1985, are shifting the social responsibility for supply reliability from the
regulatory apparatus to the marketplace. The NGPA and the FERC
transportation programs lesading up to Drdar 436 have been reviewed in
previous NRRI reports and do not require axtensive discussion here, !

The NGPA eliminated the FERC comtrol of natural gas wellhead prices for
new gas and also eliminated the certification authority over sales between
producers and pipelines. Formerly, a certificate was required to commence
gas sales in interscate commerce, and In addition the sales could not be
stopped without formal approval from the FERC to abandon the sales., HNew gas
sales no longer require such a certificate and likewise can be stopped
without a FERC hearing. In effect, tha contract between the producer and
the pipeline solely governs the relationship between a buyer and a seller of
new gas. Likewlse, a new contract between an LDC and a gas producer becomes
the sole governing document regarding the sale of the gas. An LDC may need
a4 transportation agreement with one or more pipelines in addition to the
sales comtract. These circumstances increase the importance of state
commission understanding of the sales contract, particularly because some of
the contracts im the future may substitute for pipeline system sales that
had been subject to Federal regulatory review under the FERC certification
and sbandonment rules.

In addition to eliminating wellhead price controls on new gas, the NGPA
established an interim sec of price cellings for all gas during the cime
between 1978 and 1985, The ceilings intentionally were set high for some
categories of gas in order to create an incentive for producers to explore.
The intent was te initiate a policy that relies on the marketplace for
assured supply, Inscead of administrative rules. Following the gas

l15ge J. Stephen Henderson, Jean-Michel Guldmann, et al,, Hatural Gas Bate
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shortages of the late 1970s producers and plpelines responded
enthusiastically with substantial amounts of new gas supplies contracted at
or near the lawful ceiling price.

Partly because of the WGPA limits on price, and partly because the
parties wished te prevent a recurrence of the thenm recent shortages, new gas
contracts in the late 19708 and early 19805 contaimed unusually high take-
or-pay réqulrements. Had the demand for natural gas continued to expand,
such take-or-pay clauses would have been both justified and undoubtedly the
subject of praise from today's regulators and marker analyats.
Unfortunately, a recessiom in the U.5. economy, & fall in world oil prices,
and consumer congervatlon in reaction te higher prices combined to reduca
the demand for natural gas substantially. The drop in sales was large
enough toe trigger many take-or-pay clauses, particularly in contracts that
had baunﬁranantly signed at high, incentive prices. After the fact, the
agreed-upon take-or-pay levels can be seen as a business gamble that turned
out badly. The industry today is still suffering through the aftermath of
having signed such contracts.

The gas bubble, or excess supply dellverabllicy, was a major feature en
the economic landscape when the price of substantial amounts of new gas was
deregulated on Jamuary 1, 1985 according to the HGPA rCimetable, At about
the same time, a spot market for natural gas emerged. By 1986 cthe spotc
market was well developed and organized with independent marketers and
brokers arranging a variety of gas deals. In general, spot prices have been
falling from 1985 te the present (Autumn 1987), with the exception of the
1986-87 heating season.? More importantly, spot prices generally have been
below the price of gas that the major pipeline companies have under
contract. This creates an Incentive for LDCs and other large buyers of gas
to seek lower cost gas supplies in the spot market, Of course such gas must
be transported frem a producer’s well to the buyer's premises or the LDC's
city gate. As gas sales plumseted on Individual pipelines dus to the
overall drop im demand, the pipaline company managers and the FERC percelved
a nead to fashion a transportacion program. The pipelines wanted to

2 Based on spot price information provided by Mr. Paul Tasso, The Yankee
Gas Co,, Dublin, OH.



increase thelr threughput, and the federal regulators wanted a program to
further develop a competitive market. Any gas transportation program must
satisfy several requirememts, however, that up to now have proven te be
difficult obstacles.

There are thres major constraints facing the FERC as It creates a gas
transportation policy. First, any program must be voluntary because thea
Hatural Gas Act specifically exempts the gas pipeline companies from belng
common carrlers. A mandatory carriage program administered by the FERC can
not be forged under current legal authority, in the opinlon of most
observers.? Second, any program must be nondiscriminatory and must make
transportation services available to all users. This i3 a requirementc
{mposed by Section 5 of the NGA, and more recently reiterated by the courts
in Haryland People’'s Counsel v. FERC 1.* Third, a gas transporcactlon
program must take inte account the contractual reality facing the Interstate
pipeline companies, especially their take-or-pay obligations. The D.C.
Circuit Court has made the importance of this third requirement clear in its
opinion in Associated Gas Distributors v, FERC.®

Bacause of the diffieculty in satisfying all three of these conditioms,
it is perhaps not surprising that the FERC has had sevaeral falsa starts in
fashioning gas transportation programs in the last five years. A program of
off-system pipeline sales was proposed by several pipelines im 19E2-B3 as a
way to avoid take-or-pay obligations, The program mainly invelwved sales to
other pipelines and eventually died because the decline in demand affected
all pipelines and few, if any, needed to purchase gas to meest their
obligations. Also, the price for off-system sales dletated by the FERC was
too high and uncompetitive during a time of falling demand.

Following the off-system sales program, the FERC authorized special
marketing programs (SMPs). The FERC issued & blanket certificate for the
transportation and sale of a producer's surplus gas. The pipeline
transported the gas on a temporary basis in exchange for take-or-pay relief.

*Ses Henderson, Guldmann,
Policy, pp. 66-77, for additional discussion.

Y Maryland People's Counsel v. Federal Energy Regulatory Commission, 761
F.2d 768 (D.C. Cir. 1985).

8 Assoclated Gas Distributors v. FERC, E24 F.2d 981 (D.C. Cir. 1987),



The gas was typically sold to fual-switching Industrial users who would
otherwise burn oil. The 5HMPs were used extensively, and were extendad
beyond the pipelines to producers and marketers. A SMP is inherently
discriminatory., however, since the program arranges for a sale at favorable
prices to & limited set of customers, This discrimination was deemsd
legally unacceptable by the D.C. Clrewit Court in Harvland Feople's Counsel
v, FERC 1. During this time {1983-1985), the FERC also authorized certain
blanket certificate programs that made self-implementing transportation
availasble for all end-users. The court in Marvland People's Coupsel v, FERC
II* struck down the blanket certificates because, in reality, the programs
had been used by the pipelines to serve fuel-switchable customers and
exclude captlve customers. To the extent that the certificates are used in
such a discriminatory fashion, the eourt ruled they are illegal,

Instead of modifying these existing tramsportatiom programs in 1985
vhen the court found them discrimimatory, the FERC issued Order 436. This
order changes the mature of the gas tramsportation business in a fundamental
way. The order has three major features: (&) voluntary, nondiscriminatory
transportation on & self-implementing basis, (b} an option for am LDC to
reduce or comnvert its contract demand with a pipeline, and (c)} optional
expedited cercificates for new facilities.

There are two types of transportation service under Order 436. Section
311 of the Hatural Gas Follcy Act of 1978 (HGPA) authorizes a variety of
sales and transportation arrangements among interstate pipelines, intrastate
pipelines, and lecal distributers, Under Order 436, Section 311
transportation service by an interstats pipeline can be provided "on behalf
of" an LDC or an intrastate pipeline. In general, saction 311 sarvice does
not require FERC approval; however, the FERC regulates the prices and terms
of 311 service. Order 436 specifies that any new transportation under
section 311 authoricy must be nondiscriminatory. Mest 311 transportation is
currently performed under an interim waiver of the contract demand
conversion and reduction provisions of Order 436, The Commission enforces
the Order by hearing complaints on a case-by-case basis.

* Maryland People's Counsel v. Federal Energy Regulatory Commission, 761
F.2d 780 (D.C. Cir. 1%985).



The second kind of transportation service covered by Order 436 iz an
open-access blanket certificate under the provisions of Secclon T of the
WGA. Such a blanket certificate is subject to the rate design provisions.
and contract demand reduction conditicns of Order 436, Once lssued, the
blanket certificate allows for preapproved abandonment of service for
individual transactioms; this does not pertain to the abandonment of the
certification itself. That is, & pipeline transperting gas under a section
7 blanket certificate must continue te provide nondizeriminatory open access
until the FERC has approved the abandonment of the certificate. BSection 311
service Is less restrictive Iin this regard, since a plipeline could cease
providing nondiscriminactory transportation services to all users without
FERC approval. Partly for this reason and partly because of the interim
waivar of the comversion provisions of Order 436, most transportation
!Erﬂlziltnﬂlf iz soughe and authorized under Section 311 of tha HGFPA.

On Junea 23, 1987, the D.C. Clreulc Court vacated Order 436 and remanded
it to the FERC for further consideration of the take-or-pay lssus in
particular.” 1In general, the court ugheld the substance of Order 436 and
its emphasis on nondiscriminatory transportation.

In Order 436, the Commission did not address the plpeline companies’
take-or-pay problems, other than reaffirming its 1985 policy statement that
take-or-pay settlements do not violate NGPA price eceilings and that buyeut
costs would be considered on a case-by-cese basis. The Court ruled that the
FERC must address the take-or-pay issue in greater detail, given that
producer-plpeline contracts are a significant part of the problem that
created the need for transportation programs and subsequently Order 436 in
the first place, The Court agreed with the Commission’s concern about .
governmental Iinterference with private contracts, but noted that producer
access to transportatiom under Order 436 is groundsd In a governmentc rule
and hence, conditioning that access on take-or-pay relief is not the same as
government abregation of contracts.® The Court stated that the FERC
reasoning was inadequate with regard to why the Commission had chosen not te
take action on take-or-pay under Section 3 of the NGA.

T Aspociated Gas Distributors w. FERC, supra.
8 Ibid., pp. 1026-1027.
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The Court alse expressed concern over the contract demand {CD)
reduction provision of Order 436, The Court reasoned that as firm sales
customers reduced thelr conctract demand, pipeline costs would shift amomg
the remaining customers with unfavorable effects on pricea. To the Court
this seemed Inconsistent with the Commission's consumer protection role
under the NGA. The Court agreed with the Commission that conversion of
contract demand to transportation services is necessary In order to promote
a competiclive market for gas, The need for a comtract demand reduction was
not as clear to the Court since access to a competing pipeline may not be
necessary in order for am LDC to be able to buy competitively priced gas.
That is, competition among pipelines may not be needed to foster a
compecicive wellhead markec, if a pipeline provides ctransportation services.

In response to the Court's concerns, the FERC lssued Order 500 on
Augusc ?l 1987, This is an interim rule. The Commission intends to collect
data on take-or-pay obligations of the pipelines and received comments on
tha interim rule in Octeber 1987. No dare for a flnal rule has been ser atr
this cime.

In Order 500, the Commission retains the option for an LDC to convert
its contract demand to firm transportation, but has eliminated the CD
reduction option. The Order also provides that a producer must coffer a
pipeline eredit against the pipeline‘s cake-or-pay liabilicy for gas that
cthe pipeline transports for the producer. Such credit must be offered for
all gas transported except for two categories of gas: (1) gas presently not
committed to the pipeline by contract but which the pipeline previously
purchased under a contract which has been terminated, or (2) gas released
from & contract containing a market-out clause that allows the plpeline Co
terminate the contract at its discretion."® The Commission added a second
mechanism that pipelines may use to recover prudently incurred take-or-pay
costs. The poliecy that such costs can be Iincluded in the sales commodity
rates of any pipeline was continued, In addition, If a pipeline is a
nondiscriminatory transporter of gas, It may charge lts customersz a fixed

* FERC Order 500, Regulation of Natural Gas Pipelines After Partial
Wellhead Decontrol, Docket No. EMB7-34 52 Fed. Reg., 30334 (August 14,
1987).
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amount for a portion of its take-or-pay costs. In particular, a pipeline
that absorbs 25 to 50 percent of Its buyout or buydown costs may recover an
equal amount from customers in the form of a fixed or lump-sum payment. The
remainder pay be recovered in the commodity prices of both sales and
transportation service. The Intent is to improve the competicive edge of
the nondiscriminatery transporters by placing a smaller burden on their
commodity rates, thereby increasing the incentive for a pipeline to choose
ta become such & transporter to begin with.

The D.C. Cireulit Court denied a rehearing of the AGD v, FERC decision
on September 15, 1987. This asction permitted Ordar 500 to become effective
immediacely.

The interim rule should substantially reduce a pipellne’s take-or-pay
exposure that might be created by its transportation activicy. The
conversion of contract demand te firm transportation, for example, should
create about as many take-or-pay eredits as ic does liabiliries in an
ordinary one-on-one relation between a pipeline and a producer. IE such a
producer wants to have his gas transported by the pipeline, he must sign an
affidavit offering to credit the volumes against the pipeline’'s take-or-pay
ligbility associated with any¥ contract between the producer and pipeline.

The Commission’'s final rule may or may not be revised and perhaps may
incorporate comments submitted by interested parties. Although the rule is
not yet flnal, and because this issue is important to state commissions, it
is appropriate to present a brief analysis of the take-or-pay crediting
features of Order 500.

Policy Implications of Order 500

The crediting mechanism of Order 300 has been superimposed by the
Commission on an already complicated landscape of gas contractual
arrangements. Gas that 1s seld te an interstate pipeline company for
inclusion in ite syscem supply to be ultimately resold to 1DCs is called
sales gas in the following analysis., Some of this gas has high contract
prices, a legacy from the 1979-82 era when the NGPA price ceilings and
memory of recent shortages combined to induce pipelines to pay a premium for
sacure supply sources. Some of the sales gas, however, has & low price,
perhaps enforced by contract, perhaps enforced by the continuing price
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regulation of old gas by the FERC. Gas that is sold to an end-user or an
LDC is called transpercation gas here. The title to such gas is not held by
the pipeline company; it merely transports the gas for others. The price of
mich of the transportation gas is likely to be intermediate batwasn the
high-priced sales gas and the low-priced sales gas. Much of tha
transporcacion gas is most likely purchased on the spot market.

For the purposes of this discussion, it is enough to distinguish these
three types of gas: high-priced sales gas, lew-priced sales gas, and
transportation gas. All three types of gas may be handled, In varying
proportions, by any single pipeline. Likewise, a single producer may own
and be interested in selling gas inm all three of these categories. MHMajor
producers, such as Exxon, certalnly have at least some gas of sach type.
Smaller, independent producers may have gas inm only one category., A single
producer, alse, may be connected to one or several pipelines, and it may
have sales contracts with & subset of these or perhaps all of theam.

The pipalines’ take-or-pay problems addressed by Order 300 ocour mainly
within the class of high-priced sales gas, Ordinarily, a contract that has
& take-or-pay clause has another clause that commits the gas te the buyer.
It is not possible for the producer to sell the gas to another buyer in such
a contract without the buyer's permissien, That is, suppose a contract
gspecifies & take-or-pay level of 70 for a gas well that annually can deliver
100 wnits of gas. GSuppose further that the pipeline-buyer cakes only &0
units in a year and thereby incurs a take-or-pay liability of 10 units, to
be made up in the subsequent 5 years, Finally, suppose the producer
successfully arranges te sell an additional 20 units to a different buver.
Since the incremental sale results in the producer selling B0 percent of the
well’s deliverability, most people’s sense of falrness would require the
producer to eliminate the pipeline’'s take-or-pay liabllicy of 10 unies, in
such clrcumstances. That iz, It makes no sense that the original buyer
could he held responsible for 70 wunits when a total of BO has bheen produced
and sold, in fact., If such a thing could occur, it would be possible, in
theory, for the producer to sell all remaining 40 units of productiom and
still impose a 10 unit take-or-pay burden on the pipeline. This would
overcommit the well's production capacity and literally allow some portion
of its output to ba sold twice, a seemingly unfair outcoms.
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Regardless of ome’s wlew about equity, such an outcome presumably would
constitute a breach of contract {f the reserves are dedicated to the
plpeline. Ic is equally a breach of contract whether the pipeline-buyer
transports the gas or whether some other pipeline performs the transporting
servicae, Because aof the commitment, then, such double payments to the
producer cannot oceur legally: the buyer can simply enforce his contractual
rights. The pipeline-buyer ean require the producer to grant take-or-pay
relief as a precondition to any other sale of the gas, whether or not the
pipeline itself provides the transportation service. I1f some other pipeline
transports the gas, preventing the sale might be difficult because thae
identity of the gas is uncertain; nonetheless, the buyer can enforce his
rights to thes gas in court and pravent the sale, in theory, and most likely
in practice.

Thé point of this discussion so far is that FERC Order 500 is not
directed toward nor is it needed to solve any problem having teo do with gas
being transported from a specific well under a contract with a take-or-pay
clause because such gas is typically committed to the pipeline by contract.
Under the current rules, FERC authority is neadad to transport the gas at
all, but the buver’'s contractual rights are sufficient to insure that proper
credicing of take-or-pay liability ocours for gas under long-term, take-or-
pay, committed reserves contracts. A FERC crediting mechanism {5 not needed
in these rather simple cirecumstances,

The FERC Order 500 crediting rule is directed towards a more
complicated set of transportation and sales arrangements. In particular,
Order 500 permits a pipeline to require take-or-pay credics from a producer
that owns both sales and transportatiom gas. Thact is, a single producer has
some wells cthat are committed under long-term, take-or-pay contracts to a
pipeline-buyer. The sams producer has other gas wells that are not
similarly committed to the pipeline, from which the producer wishes to sell
gas on the spot market, for example, to an LDC or end-user. The pipeline-
buyer may be in a position te act as plpeline-transporter for this second
category of gas. The FERC Order 500 allows the pipelina-buyer to extract
take-or-pay credits from the producer to apply to the first set of contracts
in exchange for the pipeline company transporting other gas, in the secomd
category, not associated with the pipeline by any contractual arrangement,

except for possible transportation.
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In ordinary econcmlec times and clrcumstances, this is surely an odd
fdea. Suppoze & coal producer owned two mines, the output of one is under a
long-term take-or-pay obligation to electrie utility A, and the output of
the othar is sold on the spot markec te electric company B. Suppose that
because the relation between utilicy A and the coal mine is long-term, the
utilicy has Iinvested in a rallroad to transport the ceal to its generators,
This same railroad, for the sake of argument, Iz used to haul spot market
coal from the second mine te utlility B for some portion of the trip for
which no alternative transportation is available., If reduced demand for
electricity In A's territory causes a drop in its need for ceoal below its
take-or-pay lewvel, A might be tempted to refuse to transport coal along the
other route unless the producer gave A take-or-pay credits for ceoal seold to
B from the other mine. If A did such a thing, a court likely would find it
to be an 11legal restraint of trade, There 1z no contractual connectlion
between the two activities and the only economic connection is monopoly
ownership of an essential transporcation facility.

The FERC has expressed concern about thls issue and the need to respect
the privity of contracts, The Court has echoed thiz concern, but suggested
in.ﬁﬂﬂ_x__ﬂﬁﬂﬂ that producer access to transportation is condltioned upen
govermnment interventien in the firse place. In additiom, theass are noc
ordinary economic times. The Commission’s transition that has encouraged
transportation has exacerbated the take-or-pay problems caused by the
previous recessiom and fall in world oll prices. Conseguently, the Court
said that conditioning access to transportation on take-or-pay reliaf may be
appropriate im the circumstances, The Court affirmed the Commizszion's
interim crediting plan, thereby approving the idea of using ons =zet of
contracts to hold hostage another.

It ia diffieultc to know hew the crediting mechanism will work in
practice. It depends on the cross-commections among contracts and on the
cross-commections between pipelines and producers. Partly for this reason,
the FERC, In Order 500, has requested data from the industry regarding take-
or-pay cbligations, With these data the Commission should be able to revise
Order 500 appropriately.

Some difficulties with the implementation of the crediting rule cam be
anticipated for particular configurations of the possible cross-connectioms.
The importance of each is an empirical question that can be answered, at
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least in part, by the FERC data request. It seems appropriate to examine
some of these problems by emmerating a few of the possible configuratioms.

Table 2-1 summarizes six possible configurations between a producer and
the one or two pipelines connected to his wells. These are not intended to
be exhaustive, only 1llustrative. In the following analysis, it is useful
to discuss whether the crediting mechenism of Order 500 effectively changes
the operatiom of a take-or-pay clause in favor of the producer or inm favor
of the pipeline. The intent of the discussion is to idemtify such changes
in relation te the original contract, which both parties voluntarily signed.
&8 such, fulfilling the contract as written can be thought of as neutral.
FHothing more is intended by use of the word "neutral." In particular, no
Jjudgments about the social worthiness of pipelines and producers is impliad.
The point of view is that of the contract. PFolicymakers may be interessted
in knowing the effect of Order 500 in relation to the contract for reasons
that have to do with broader judgments about soccial equity and economic
efficiency--judgments that we leave to the pelicymakers,

The first possibility shown in the table iz that & producer has only
high-priced, take-or-pay gas wells and these are connected to a single
pipeline, In this case, Order 500 provides no means of crediting and hence,
no take-or-pay relief to the plpeline. In ordinary circumstances, this
would be considered appropriate and neutral, favoring neither the pipeline
nor the producer, In the current environment, however, such an outcome
might be considered as an obstacle to the transition envisioned by the FERC
and, accordingly, one that favers the producer. Such an interpretatiom
makes sense, however, only because the industry is now aware that the take-
or-pay contracts have turned out to be enormously burdensome after the fact.
(The question mark following "producer" in table 2-1 signifies this
uncertainty in claiming that the lack of take-or-pay credits favors the
producer) .

The second posaibility listed in the table iz that a producer may not
have any contracts with a pipeline, but rather may own enly transportation
gas. In this case, like the first, there is no possible eredit that can be

Eiven. Unlike the first, however, such an outcome is elearly neutral and
appropriate,
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TABLE 2-1

POSSIBLE ACTIONS UKNDER THE ORDER 300
CREDITING RULE

A Producer's Wells

Are Connected ta Sourece
Pipaline Possible of Action
Zossibllicy A B actions  authority Favers
L H Mo Credit . Producer?
T Mo Credit . Heutral
3 H, T H converted LDC Pipeline
to T conversion
&4 | P L comverted Order Producer
to T 451
H T No Credic - Producer?
L T L converted COrder Producer
to T 451

Note: H means high-priced, take-or-pay gas; T means transportation gas; and,
L means low-priced take-or-pay gas. ]
Source! Authors’ analysis.

A third pogssibilicy is that a producer has both high-priced, take-or-
pay gas (H) and transportation gas (T), and in addition, his wells are
commected to only a single pipeline. This is perhaps the best example of
the circumstances towards which Order 500 is directed and in which the Order
is likely to work best. The producer must offer the pipeline take-or-pay

credits against gas sources H in exchange for the pipeline transporting gas
sources T.
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If the identities of the separate gas sources, H and T, do not changs.
the Order will work as intended. Any time an essentially homogeneous
product like gas is sold at two different prices, however, there is an
incentive for buvers to seek the lower price or for the sellar to seek the
higher. Such vielations of the econonist's "law of one price" tend to
elicit a varlety of ereative ways for buvers and sellers to elrcumvent the
arctificial disctincrions that have created the price difference. It is not
possible to anticipate all of the methods pipelines, producers, LDCs, or
end-users may discover, intentionally or not, that enable them to circumwvent
the intent of Order 500. Accordingly, the following is only an example of a
poseible cutcome.

In the circumstances described by the third possibility in table 2-1,
high-priced, take-or-pay gas can be converted, in effect, inte
tr:nspuriacian gas for the spot market. This could happen by the acrien of
the LDC customers of the pipeline converting their contract demand inte firm
transportacion under Order 500. This action may or may not ba purposeful.
There s no intent In thiszs discussion to judge the actioms of the
participants as right or wrong, only to describe possibilities.

Under Order 500, an individual LBC has an incentive to convert contract
demand to firm transportation if the spot price of the gas it can buy is
lower than the price of the pipeline’s system-sales gas. The LIC may choose
to buy from a producer who is curremtly committed to the LDC's pipeline and
who also has spot gas for sale., That particular LDC might choose, inatead,
a different producer who has ne gas committed to the pipeline. Eegardless
of how producers and LDCs match up, the owverall effect of tha LDC's
conversion actlons is that a pipeline could reduce its annual takes of high-
priced, take-or-pay system gas, If producers want to sell spot gas and have
it transported, they must give the pipeline take-or-pay credits on a
volumetric basgis. This means that the producer will sell transportatiom gas
at the spot price and credic the pipeline for sales gas at a higher prica.
This effeccively convercs the producer's high priced system supply sources
into spot market supplies on a continuing basis, to the extent that this
kind of conversion can happen.

There are several natural limits to how much of this kind of conversion
can happen, but importantly there is mo limit to it included in Ocder 500.
One type of natural limit is that & producer always has cthe option under
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Order 500 of mot tramsporting any gas and instead holding the pipeline to
its teke-or-pay obligations under current system supply contracts. Whether
a producer with both sales gas and transportation gas will choose to sell
any of the latter depends on which action yields more profits. The
producer’s eption to not transport at all provides a limit to how much of
his sales gas can be converted to lower-priced tramsportation gas. Each
producer can find his own limit quite readily. He knows system sales, Qs
from high-priced contracts, and he knows the take-or-pay obligations under
these contracts, qﬂ. {qﬂ is generally a fractiom of qH}. Suppose that the
annual rate of system sales, QH‘ iz less that Qﬂ, which corresponds to a
situation where take-or-pay liabilities are aceruing amnnually. The producer
also knows the amount of transportation gas he would like to sell, QT. In
order for the producer to break even under Order 500, it is most likely
nﬂnasaat& for him te ctransportc more gas than the shortfall of system sales
from take-or-pay obligations, QB*QH. The reason is that the price for
transportation gas, PTI is likely to be less than the price of system sales,
PH' In particular, & producer must transport {qﬂ-qu PH;PT in order to
receive as much revenue from transporting gas &8s he would to its take-or-pay
obligations.

It is possible that a producer might decide to transpert mo gas at all,
instead of allowing FERC Order 300 effectively to convert the shortfall im
his system sales contracts into transportation gas. Some producers, then,
can be expected to withhold gas from the spot market, thereby placing upward
pressure on spot prices.

The possibility of converting sales gas into transportation gas does
not necessarily end at this point. Whether a producer chooses to
participace in the transportation program depends on his transportatiom
volumes in relation to the annual shortfall in his system supply contracts.
That shortfall, Q4-Qy, is not necessarily fixed. If a pipeline reduces the
system supply takes from a particular producer, QH is reduced. If a
plpeline reduces Q, too severely, the producer will not wish to transport
any ges, becaussa qT will be less than {qﬂ-qH} EHIF . A pipelina may not
know QT precisaly for a particular producer, but it certainly can estimate
it. One way to estimate It 1s for a pipeline to reduce its takes of system
gas until & producer decldeg to cease hls particlpation in the
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transportation program. At that point, the pipeline has a good ldea of the
volumes of transportation gas, QT. a producer has for sale,

With a sensible estimate of qTilﬂ it is possible to imagine a plpeline
engaging in the following type of strategic behavior. It would behoove the
pipeline to arrange its pattern of system supply reductions so as to
minimize its take-or-pay exposure, as LDCs exercise thelr conversion
options. The result could sasily have large adverse effects on some
producers and only minor effects on others.

In the extrems, it is &t least theoretically possible that a producer
with a large amount of tramsportation gas to sell {relative to system
supply) could have his system supply contracts virtually eliminated., That
is, a pipeline could reduce its annual takes from a producer's system supply
wells to zero and completely eliminate its take-or-pay obligariem through
the transportation eredite under Order 500 on a contimuing basis.l! All
that la required for this to happen is that the producer’s anmual
transportation volumes exceed QD(PHJPT}. This means, for example, that 1f
the price of system contract gas is 50 percent higher chan the spot price,
and LI the preducer’s transportation volumes are larger than 130 percent of
its aggregate take-or-pay volumes, the producer will have greater revepues
under Order 500 by transporting gas and offering credics, even If the
pipeline shuts in all of his system supply wells year after year.

Less extreme results, of course, are more likely. It could happen that
a particular producer might be exposed to the risk of losing only half of
the take-or-pay contractual payments, because his potential transportacion

1% The pipeline’s caleculus may be much more complex than simply requiring an
estimate of QI. Expectations about take-or-pay buyouts, the future pattern
of spot price8, and the future recovery of demand are all relevant.
Honetheless, a pipeline can estimate the critical that forces a producer
cut of the transportation market and then buy just 3 little more system
supply. The remainder of the argument remains wvalid with this more
complicared caleulus.,

11 It is important to emphasize that such an outcome is at least
theoratically possible year after year. That is, even if there was no prior
accumulation of take-or-pay lisbilicies, the crediting mechanism of Ordsr
300 could eliminate the annual take-or-pay obligations in some contracts.
Such a possibility would be an isolated circumstance, most likely.
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volumes are not as large. In any case producers with both sales and
tranaportation gas could incur widely different adverse affects from the
combination of the conversiom and crediting features of Order 500. Kote
that the argument just presented is equally walid whecther or not there is
any previously incurred accumulation of take-or-pay liabilitles. To the
extent that such an accumulation exists, as it currently does, it may be
possible for a pipeline te conmvert even larger amounts of high-priced sales
Eas into transportation gas on a temporary basls, until the aceumulation has
been reduced to zero. The conversion of EQD-QE} PHIP » however, could be
permanent under the Order,

The discussion so far of case 3 in table 2-1 has pointed out that
rather large wealth tranafers are possible under Order 500. The
particlipants who lesae In such clrecumstances will oppose the Order, and vice
versa, These are imporcant macters of falrness that the Commission mustc
address.

The issue of fairness, however, is not the central focus of this
analysis. Hore importantly, there is a question of whether a large scale
conversion of sysctem supply gas to transportation gas improves or detracts
from overall economic efficlency and the nation's best allocation of its
regources, The question 1z difficult to answer In the absence of facts.
Thus, only a few preliminary and general observations about efficiency are
possible now.

The conversion of sales gas to transportation gas, if it occurs, would
lower consumer prices. As attractive as this is to consumers, efficiency is
not thereby improved, per se. Efficiemcy will be promoted if the conversion
moves the market closer to its efficient configuration, which mesns its
optimal mix of long-term and spot contracts with prices for both types of
contracts at their market clearing levels., It also means that gas is
produced more or less in economiec order, with gas from cheaper sources
produced first.

Given the persistent surplus in gas deliverability over the past few
years, it is apparent that market clearing prices are lower than those
prevailing in the system supplies of most pipelines. From this perspective,
the perhaps unintended result of Drder 300 to convert sales gas Co
transportation gas by effectively eliminating or dramatically reducing
anmuasl takaaur-pay obligations (az opposed to allowing pipelines merely to
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eliminate previously accumulated obligations) between at least some
pipeline-producer combinations would seam to improve the efficiency of the
gas market. In effect, the action allows average gas prices to fall towards
the spot price, which may improve sllocative efficiency from a narrow short-
run perspective.??

Matters are not so clear from a long-term efficiency viewpoint. In the
long run, ft is impertant to know the opetimal miw of velumss purchased undsr
long-term contracts (for secure supply) versus those sold on the spet
markec, Undoubtedly, both would exist in a well-ordered market, and most
likely spot prices would be observed as being less than new contract prices
under ordinary economic conditions.'? A way of thinking about this is to
agk the hvpothetical question, What would the current gas marker look like
if the economic recession and plunge in world oil prices had occurred 20
YEATsS after wellhead price deregulation had combined with an effective
transportation program to make the gas market essentlally competicive? A
precise answer is, of course, unknowable. It would be sensible te expect,
however, that the pipelines would have some secure gas supplies under take-
or-pay contracts, that moderate amounts of take-er-pay liabilicy would hawve
accumulated, and that contract prices averaged over vintages would be higher
than spot prices although the differential most likely would be smaller than
wa currently obserwve.

If an otherwise rational market that coincidentally happens to be
experlencing a temporary excess supply would have the appearance just
described, this suggests that contract prices ought not to be forced all the
way down to spot prices via the crediting mechanism of Order 500, Long-term
economic efficiency would not be served by such sn outcome. This suggests

12 A good estimate of short-run marginal cost is the spot price. Lowering
the average price in the direction of short-run marginal cost would improve
short-run efficiency but not necessarily long-run efficiency.

12 For a good diseuszion of contract versus spot price behavior in some

rnprnsinta:ivl and wurkahly cnm@atitivn mnrkati LT Eﬁjﬂ:ﬂl_ﬂﬂﬂ_ﬂ[ﬂﬂ“:lﬂ!ﬂ;L

{Bn:tun MA: Charles Rivnr aasucintua Inn‘. Eﬂa ﬁﬁ lﬁﬁ oa, Hnwlnbir 1935)
In most markets studied by CRA, the spot price was less than the contract
price during slack to normal larkat conditions, In tight markebs, the spot
price tends to rise above contract price.
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that soms sort of limit might be adopted for the crediting mechanism, For
axample, the FERC might require that a producer offer a plpeline take-or-pay
credits for transportation gas uwp to a limit of 40 percentc (say) of the
pipeline's take-or-pay liability in any year. This would mean that &0
percent of the take-or pay obligation would remain. So, for example, if the
take-or-pay clause is writtem as 70 percent of daliverability, the maximum
credits a producer would have te offer im order to have other gas
transported would result in the producer receiving at least 42 percent (60
percent times 70 percent) of the potentlal revenue of a well at its contract
price. This would be the producer’'s worst possible case, Depending on the
conversion activity of the pipeline’s LDC customers, and alss on the
producer’s relative amounts of gas under contract versus thosa available
from the spot market, the producer might receive somewheres between 42 and 7O
percent of the potential revenue on & take-or-pay basis.

This analysis suggests that long-term economic efficiency could be
promoted by limiting the crediting mechanism of Order 500 in some fashion,
posaibly as a fraction of the take-or-pay cbligations between producer and
pipeline. In additiom, depending on the results of the FERC data request,
there may be some strong equity arguments for such a limit. Horizontal
equity among producers may be seriously damaged if some are subjected to
mach larger wealth transfers than others. Some may be exposed to the risk
that all of thelr contract gas can be shut-in, and {t would still be more
proficable for them te transport gas and offer credits. Others may have a
lower risk because their transportation volumes are relatively smaller, and
hence, a pipeline can successfully shut-in only a portion of their contract
gas. This inequity is reduced by the simple sxpedient of a limit to the
crediting mechanism.

As a final comment in this lemgthy discussion of the third possibilicy
listed in table 2-1, it should be noted that neither the crediting mechanism
in Order 500 nor the limitatien just supgested would necessarily improve the
economic ordering of takes from cheapest to most expensive wells. For
multiple walls owned by a single producer, the wording of Order 500 does
allow a pipeline to improve the economic ordering. Between producers
connected to the same pipeline, however, there is no necessary improvement
in the correct ordering of the aggregate set of wells, From an even broader
perspective, there {5 no {mprovement over the set of wellas commected to all
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of the pipelines because the crediting mechanism does not permit comparisoms
between wellas served by different pipelines or owned by different producers.
Within che context of a take-or-pay crediting formula, there is motching that
can be done to lmprove the economic ordering across producers or pipelines.
The purpose of mentioning this is to point out that this type of shorc-run
inefficiency (as opposed to the simpler wariety in which price excesds
short-run marginal cost) must be tolerated within the context of Order 500.

Continuing in table 2-1, a fourth possibility is that a single producer
has both low-priced, take-or-pay supplies and transpertation gas available.
Some of the low-priced supplies may be converted, in effect, into
transportation gas by producers. In this case, one possible comversion
mechanism could ba the clause in Order 500 that exempts from the crediting
mechanism gas previously purchased under a comtract that has been
terminated. This portion of Order 500 is closely related to the good faith
negotiation procedures established by the Commission in Order 451.

In Order 451, the Commission set & single ceiling price for all
jurisdictional gas that it regulates under the just asnd reasonable standard.
The Order provides a mulei-step negotiation process under which a producer
can ask for a higher price far old gas and & plpeline can ask for a lowar
price for other, newer supplies under the same contrast or othar contracts
containing old gas. If the parties cannot agree, the contract is cerminaced
and service ls abandoned., The Commission explicitly refused in Order 431 to
rule on the dispesitlon of any accrued take-or-pay liabilities associated
with the terminated contract. The Commission stated that any ruling that it
made regarding pas not taken, but already paid for, would hinder the
negotiation process. Accordingly, a producer has mo obligation to repay hny
part of the prepayments that might remain when a contract is terminated
under the Order 451 pegotiations. The exemption clause in Order 300 is
consistent with the Commission wiew that it ought not te Interfere In the
good faith negotiation procedures, That iz, If the Commizzlon allowed
transportation credits for gas released under the Order 451 negotiation
rule, 1t would eliminate, in effect, the contract's take-or-pay cbligatioms.
The Commission explicitly declimed to do this in Order 451 and has decided
that the transportation credit formula in Order 500 will mot be allowed to
do the same thing impliecitly.
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In these circumstances, some producers may be able to effectively
convert low-priced, take-or-pay gas into transportation gas. If the
pipeline refuses to pay the ceiling price for old gas (which currently
exceads the spot price), the producer can termimate the contract, sell the
gas on the spot market, have the gas transported by the same pipelins, and
not Incur any cbligacion to repay any prepayments that the pipeline
previously made under the centract,

The importance of this conversion of low-priced, take-or-pay gas Inte
transportation gas is difficult to assess. On the one hand, "thae
interaction of Orders &31 and 500 ‘creates a loophole big enough to drive
the proverbial speeding truck through,' said (the) ANR and CIG
(pipelines).*'* On the other hand, Order 500 does not appear, on its face,
to change the working of Order 451 in this regard. That 1s, the extent to
which a producer may wish to take a chance and sell his low-price old gas on
the spot market ought not to be much affected by Ordar 500, per se.
Whatever incentives existed to do so under Order 451 are more or less the
ssme in the presence of Order 500,

It is true cthat the lack of transportation credits favors the producer,
a8 indicated in table 2-1, This {s because the producer may keesp any
prepayments made by the pipeline, If Order 500 were modified to require
transportation credits, a neutral poliey would limit the credits to the
prepayments. Without such & limit, transportation of gas released under the
good faith negotiation rule might continue to generate take-or-pay credits
far greater than the prepayments existing at the time the contract is
termipnated, Requiring transportation credits with such a limit, however,
ampunts to a poliey of requiring producers to refund any prepayments to the
pipeline, & policy specifically rejected by the Commission in Order 451.

The policy in Order 500 upholds the Commission’s decisiom about take-
or-pay in Order 451 and can be said to favor the producer to the extent of
any prepayments, Allowing transportation credits up to the amount of the
prepayment for gas previously sold under a comtract that has since been
terminated would appear to be a neutral pelicy. Allowing transportation

14 »grder 500 Isn't the Answer to Take or Pay, Pipelines Tell Court," Inside
FERC, August 24, 1987, p. 5.
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eredits for such gas without limit goes beyond neutrality and would favor
the pipelines, in some cases to a potentially large degree. Of the two non-
neutral policies, the Commission has chosen the one that appears to have the
smaller distortion, although better information is required to say for
certein.

The fifth possibility in table 2-1 is that a single producer has high-
priced, take-or-pay gas under contract with one pipeline, called pipeline A
in the table, and has other transportation gas sources that can be delivered
through the facilities of another pipeline company, B. In this case, the
transportation of the gas through pipeline B generates no credits for the
take-or-pay liabilities of pipeline A, In some limited sense, this policy
could be said te favor the producer, but only te the extent that the take-
or-pay contracts are onerous and have turned out to be unfortunate decisioms
after the fact. This possibilicy is similar to the first possibility in
table 2-1 in which a producer has transportation gas. The foregoing
analysis is based on an assumption that high-priced, take-or-pay gas is
committed to pipeline A and cannot be sold as transportation ges to pipeline
B. That is, the commitment prevents the producer from being paid twice for
the same gas. If this assumption is false In particular comtracts, the
producer certainly has & large advantage. Such contracts do not seem likely
to be commonplace; a fact subject to further study using the information
requesctad by the Commission in Order 300.

A sixth possible configuration of a producer and pipelines im table 2-1
iz that a single producer has low-priced, tske-or-pay contracts with one
pipeline and transportatiom gas that can flew over anothaer pipeline. There
is no difference between this case and the fourth pessibility in the table,
That is, the action of a producer terminating & low-priced contract under
which prepayments have been made does not depend upon whether the producer
has other suppliers or other comnnections with pipelines. The producer's
incentive to convert the low-priced, take-or-pay contract into

transportaction gas is the same, since the original pipeline must provide
transportation service under Order 451 im any case.
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Summary

This rather extensive discussion of federal gas transportation policy,
and the FERC Order 500 in particular, is intemded to help state
commissioners and staff mombers understand the diffieculcies thac have been
encountered at the federal lewel when dealing with contractual terms for the
sale of natural gas. The same kinds of clauses and terms appear in natural
gas contracts for direct sales made to local distributors, Familiaricy with
the federal problems and policles should assist state commissions in
understanding the difficulties faced by local distribution companies in
arranging transportation through interstate pipelines, in deciding on an
appropriate poliecy concerning the transportation of gas for large end-users
by jurisdictlomal LDCs, and in evaluating an LDC's direct gas purchase
contracts,

The FERC has taken actlon Iin Order 500 to facilitate Lts transportatlon
program by making it easier for the interstate pipeline companiesz to obtain
telief from take-or-pay liabilities that otherwise might be made worse when
a pipeline transports gas. The Order does nmot provide telief except through
the transportation crediting mechanism and the passthrough of buyout or
buydown costs. The Order, for this reason, cannot be interpreted as raw
povernmental abrogation of contracts., Alse, for the same reason, the Ordar
does not provide rellef from all of a pipeline’'s take-or-pay obligations,
some of which occurred because of the drop in gas demand. The Order esases
the tension that some pipelines have encountered in attempting to make the
transition from the role of gas merchant te that of transporter,

The discussion in thils chapter has highlighted two areas In which the
Order might be adjusted. First, the FERC might consider relaxing the
restriction of allowing no credits for the transportation of gas previously
purchased under contracts that are now terminated. A neutral policy, it
could be argued, would allow such eredits up to the accumulaced amount of
prepayments, regardless of the {dencity of the transporting pipeline. The
restriction currently embodied in Order 500 is consistent with the intemt of
Order 451 with regard to take-or-pay: however, Order 431 was adopted before
the Court had given implicit approval to the idea of a crediting rule, amnd

hence may be an issue that the FERC will address again in fashioning a fimal
Tule.
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Second, the FERC might consider imposing a limit te the erediting
mechanism. In certaln eircumstances, it appears that the combined actions
of many LDCs comverting thelr contract demand to firm ctransportation may
convert much and possibly all of some producers’ high-priced, take-or-pay
gas into lower-priced transportation gas on a continulng basis. A limit to
the amount of credits a producer must offer would soften a rule that
otherwise may be quite harsh on producers in some limiced eireumstances.
More information 1s required to assess the Importance of this issue--facts
chat may be forthcoming as a result of the FERC data request. Regardless of
whether the FERC revises Order 500, it appears that the Commission has
fashioned a transportation program that meets all three requirements imposed
by law or by the courts: it iz veluntary, neondiseriminatery, and Lt
addresses take-or-pay contractual problems.

Apart from the federal transportation programs, state commlssions may
need to increase their familisricy with the gas market and the typiecal kinds
of contracts for selling the commodity. The next chapter introduces the
topic by describing typical contracts used inm the industry.
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CHAPTER 3

AN OVERVIEW OF DIRECT GAS PUBCHASE CONTRACTS

State commissions are likely to be more clesely inmvolwved in reading and
evaluating wellhead gas contracts in the future than they have found to be
necessary up to now, The federal transportation program discussed in the
previous chapter will sncourage more local distribution companles to seek
out and obtain their own sources of gas as opposed te depending on their
pipeline supplier for this service. The fedaral policy initiacive alszo will
cause state regulators te review thelr own transpercation policies and their
responses to bypass proposala. This repert ls directed towards the issues
that arize from the regulatory functiom of ovarseasing the contracts. The
purpose of this chapter is to glwve cthe reader a short intreduccion te the
content and structure of gas sales contracts.! The following chapter
reports the results of a Natiomal Regulatory Research Instictute survey of
state commission procedures regarding these contracts, while chapters 5 and
6 present two kinds of stactistical analysis of contracts that commlssion
staff members may find useful.

Iypes of Contracts

As part of this research project, the NRRI reviewed about 100 contracts
for the purchase of natural gas between fleld producers and local
distribution companies. The contracts were all signed, or In a few cases

! The Hatural Cas Scaff Subcommittee of the National Association of
Regulatory Utility Commissioners is, of coursa, especially interested in gas
contracts. The Subcommittee conducted a workshep in Orlando, Florida in
Oetober 1987 on gas regulation that was intended to familiarize commission
staff members with the operation and regulation of the gas market from
wellhead to burner tip. Interested readers may wish to contact the
subcommittes for further information. Its chairman is Harold A. Hever,
Wisconsin Public Service Commission, 4802 Sheboygan Avenue, Madison, WI
53707.
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modified, in the period from 195 to 1987. Thesa are, therefore, new
contracts., Of the contracts that were reviewed by the NRRI, 2B are sultable
for the statistical analysis reported in chapters 5 and &. The sample 1=
not uniformly distributed across the country, consisting of contracts signed
by Michigan, Ohle, Kentucky, and Mississippi distributors. Conversations
with industry representatives, however, suggest that the contractual Cerms
observed in the NRRI sample are representative. That is, the actual prices
obgserved in the sample may have a distinct mid-western focus, but the
contract terms governing how the price can be modified in the future, for
example, are common to the industry.

There are two basic kinds of contracts now used to sell nmatural gas:
gpot purchase contracts and long-term contracts, whers "long-term" means any
duratien of time longer than thar found in a typical spot market contract--
usually one month. This distinecion between spot and long-term contracts is
useful for a number of reasons. The spot market for natural gpas is a
relatively new institution that regulators have encountered only recently.
Its existence is & marked departure from the previous pattern of pipeline
merchants securing an LDC"s gas needs with long-term supply commitments.
Contractual terms across spot contracts are more of less the same, except,
of course, for the actual price (which may not appear in the contract at
all, but instead may be determined menthly according to a procedure
described in the contract). In contrast, the nature of the terms and
clauses in a long-term contract may serve to make future adjustments of the
price very easy or wery difficulet, Likewise, eclauses in long-term contracts
can be wrlttenm so as to allow substantial flexibility in day-to-day or
month-to-month sales, or alternmatively these can severely resctrict future
quantity adjustments. The effect of these restrictions on future action Is
to shiftc financial risk between the buyer and seller in subtle ways. Speot
market contracts are for such a short duratiom that it is not usually
pessible ve shifrc financial risk by any substancial degree. Spot market
contract terms, then, mainly serve to protect both the buyer and seller
sgainst ordimary business risk, such as the requirement for legal title to
the gas to pass from the seller to the buyer at the dellivery polnt{s}.

Another reason for distinguishing spot from long-term contract
purchases is that both types of contracts coexist in many commodity markets

in a variety of economic conditions. It is commonplace for new long-term
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contracts for coal supply to be signed during & month when substantial
quantities of spot coal are sold, This happens when the market is slack and
spot prices are below contract prices, and it also happens when the market
is tight and spot prices are high relative to contract prices. This is true
in a varfecy of markets.?

A typleal pattern in the seven markets reviewad by Charles River
Asgociates is that spot prices are below contract prices when tha markst is
slack to mormal. That is,; over many years, the most common exparienca is
that spot prices are below contract prices by 5 to 20 percent. When the
market tightens significantly, spot prices can go above contract prices,
wsually for a short time. So spot prices tend to be more wolatlle than
contract prices, and in a sensa buying and selling on the spot market is the
residual activicy that serves to clear the market as a whole, Also, most
typically, contract prices exceed spot prices by 5 to 20 percent, a premium
that buyers are willing te pay for supply security and price certainty.
Buvers in these markets tend te purchase 30 te 73 percent of their supplies
through long-term contractual commitments even when there is & readily
available spot market.

Mow that a spot market in natural gas has emerged, a reasonable set of
expectations about the overall gas market can be formed on the basis of
experience elsewhere. HRegulaters can expect both zpot and long-term
contracte to coexist in the supply portfelio of their jurisdictional LDCs.
In particular, it is mot likely that an optimal portfolio would consist
solely of spot gas, merely because the spot price ls currently lower.
Begulators can expect long-term secure supplies to command a price premium
over spot sources in a normal to slack market. The premium mlghf ba 5 to 20
percent, although this expectation should become better focused as
experience with a natural gas spot market grows and encompasses a wider
variety of econmomic circumstamces tham the slack conditionm that has

provailed since the market was established in 1984-83,

i Charles River Assoclates reviewed the contract and spot price behavier in
several markets, including Appalachian coal, bulk ocean shipping, intrastate
gas, and commodity markets such as copper, aluminum, nickel, and molybdenum.
See Hatural Gas Procurement: Experience with Spot vs, Coptract Pricipg in

Analogous Commpdity Markets (Boston, MA: Charles River Associates Ime.,
CRA. Na. 154 00, Movesber 1986).
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These conclusions are guite general and thus are not likely to greatly
asgist a state regulatory body, except to rule out some rather extreme
possible polliey positions, For exasple, an extreme policy (not adoepted by
any copmigsion to the authors’ knowledge) would impute the spot price asz the
per unit cost of all of a distributor's gas sources. Since an optimal
supply portfolic of a compecicive firm would not consist solely of spot
purchases, the policy would not be an appropriate imputation for a regulated
gas company either. The truly impertant supply cheices, instead, have to do
vith the optimal mix of spot and contract supplies to serve firm, captive
customers, and the optimal mix for interruptible customers who may have
alternative fual choices. The optimal mix would be differemt, presumably,
for the two types of customers. This issue is addressed later in this
report in chapter 7,

The recognitleon that spot and long-term contract markets are golng to
coexist sugpests that state commiszions may wish to become famillar with
sources of data regarding the spot market. BRBrokers like the Yankee Gas
Company provide such prices to their clients routinely. Lomg-term contract
price informatiom is more difficult to obtain; however, a commission cam usa

contracts under f{ts own jurisdiction to form a basis for comparison, if one
iz neeadad,

Contractual Terms

A typical contract for the sale of natural gas contains a variety of
articles or clauses, The purpose of this section is to describe these
briefly and to indicate generally the importance of each. Neo attempt is
made in this sectlion to present a legal analysis. Rather, the emphasis is

on the economic importance of the contract terms.

Standard Clauses

There are several types of clauses or artlicles encountered in almoat
all gas contracts that are standard and have well-understood meaning toe
industry participants. The contractual language may differ from contract to
contract; however, the basic legal obligations are well known. Thesa

contract sections can be summarized wvery briefly as:

32



Dafinitions., An arciele containing a glossary.

Beservations. &An article describing gas that the seller reserves
to himself for persomal or on-slite usa.

Delivery Point(s). An article describing the physical location(s)
vhere the gas is to be delivered,

Quality. An artiecle deseribing the physical characteristics of
the gas and the allowable deviarien, such as the minimum Bru

content, maximum water vapor, maximum impurities, pressure, and
5o On.

Heasurement. An article describing the method of measurement {(dry
or wet, which are ways of metering gas--the meter Involwves a dry
or wet measuring technique, whereas the gas ltcself 1s dry), the
responsibilicy of each party, and the recourse of each party if
measurement @rrors oOCCur.

Laws and Regulations. An article that states that both parties
agrea To abide by the laws and regulations of any commission
having jurisdiction owver macters such as proratioming, price
ceilings, etc.

Warranty of Title, An arcicle rhat states that the seller has
legal title to the gas and that title passes to the buyer at the
delivery poinc{s).

Force Majeure. An article that lists a set of events such as
earthquakes or riots that econstitute reasons why one or bath
parties may be unable to perform their contractual duties and
for which neither is held responsible.

Billing and Payment. An arclcle deseribing the details of the

monthly billing cycle, such as when payments are due, to where a
payment is sent, and so on.

Term

A& natural gas contract will contain an article or paragraph that
establishes the length of time over which the contract remains valid. A
long-term arrangement may last for 20 years, although 3 to 5 year contracts
with an option to remew the contract annually thersafter are commonly used
today. Some "long-term" contracts may have a term of only 3 montha. This
is clearly a contract with a short duration and could be considered long-
term only in relationm to spot contracts that typically are for one month.
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Quantity

A contract may have one or more articles dealing with the wolumsas of
gas to be gold., If the seller's reserves are to be committed te the buyer,
the contract Includes a clause describing the geographical location of the
lands covering the committed fleld., Such a commitment, of course, would not
be part of a spot contract,

The contract may have an article dealing with the measurement of
reserves, In Ilt, a process for determining reserves is described, possibly
Inecluding & requirement that the seller must provide whatever Information
the buyer may need In order te form an independent and confirming estimate
of the reserves that the seller claims to have. Enowledge of the reserves
is important mainly in contracts that contaln take-or-pay obligations that
are specified on the basis of a well's annual or daily deliverabilicy, which
iz linked in the contract to the estimated reserves, That is, the buyer may
ba obligated to purchase or &lse pay the seller for a quantity of gas,
whether taken or not, based on a well's deliverahility that may be expressed
as 1 MMcf per day for each 3.65 Bef of gas reserves, for example. The racle
of reserves to daily deliverability results in a 10 year period in this
example, by which time the parties plan to exhaust the well. The buyer's
interest In accurately estimating reserves is due to his annual take-or-pay
obligationa that are based on deliverability, which is based, in turm, om
the reserves.

In addition to the foregoing., a gas contract may speclfy a minimum
take., This is Iintended to be a floor on the volume purchased by the buyer.
This is different from take-or-pay in that the parties’ intention is to move
the gas and not simply to pay for it if it is not taken. There is usually
some physical characteristic of the gas well that motivates such a
requirement. Part of the reason may be to prevent drainage by well-owners
on surrpunding land. The rizk of drainage can also be reduced by a clause
stating that the buyer will obey any state prorationing rules.

The combined effect of all the contractual terms governing quanticies
iz to make future adjustments In the delivered quantitles esasy or difficule,
The quantity terms may be written to say that the seller provides gas or the
buyer takes gas on a "best efforts" basis, in which case the partiesz have
substantial freedom to adjust to future comditions. Altermatively, the



guantity terms may require a 90 percent take-or-pay level, thareby severely
restrieting the possibility of future adjustments. The conclusion to this
line of reasoning is that substantial insight about the importance of
contract terms governing quantity is possible by wviewing such terms as
restrictions to future adjustments. &As such, the guantity clauses
determine, in part, the risks borne by each party. Long-term contracts with
committed reserves and take-or-pay requirements reflect a bargain whereby
the seller agress to give up his right to seek alternative buyers in
exchange for the buyer's promise to continue to take gas and not shut-in the
walls, Secure supplies are obtained, in part, by the buyer giving up the
option to reduce his purchases below some level,

In the sample of contracts obtained by the NRRI, it was the case that
any contractueal arrangement with a take-or-pay provision also had committed
resarves. Some contracts had reserve commitments, however, and no take-or-
pay requirement. Any contract that specified quantities are to be taken or
delivered on & "best efforts" basis had no provislon for committing

resarves. All of these relarionships conform toe good business practice and
make economically good sense.

Price

Clauses specifying price are written quite differemtly in spot versus
long-cterm contracts,. The price of spot purchases is expected by both
parties to change monthly. The contract willl set out the process to be used
each month In determining price, and for that reason the contract may not
inelude even the initclal price, since the contractual process can be ralied
upon even in the first month. The price determination process may ba that
the buyer nominates his advertised price for gas and the seller can either
gccept or reject the offer. In other instances, the seller may post the
price and the buyer can accept or reject., In any case, the contract
specifies the procedure that the monthly bargaining will fellow,

In long-term contracts, the price provisions can be more complicared
because the parties are agreeing on a series of prices over time that will
not be as flexible as spot prices. In some contracts, price is fixed for
the term of the contract. In others, future adjustments are allowed. In
these cases, the adjustment mechanism is described in detail. The mechanlsm
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may be a fixed esscalator clause, It may link the contract price to the
price of Number 6 fuel oil. Or it may link the contract price to some other
gas price, such as the distributor's incremental price pald te his pipeline
supplier(s), or a field price.

Quite complicated price adjustment clauses can ba constructed by
combining the asheve slesents. For example, & contract may have a minimum
price and a maximum price, and a separare, fixed escalator clause for each.
{& fixed escalator clause is one that contains & formula for price increases
based on a fixed, annual rate of increase.) Between the minimum and maximum
price, the contract may specify that the price will be the lesser of the
price of Musber & fuel oil or & pipeline company’s Ilncremental price. If
the fuel oil or other gas price persistently drops below the minimum, the
buver may be able to redetermine the price at the lower, alternacive fuel
price. Such a redecerminacion may fres the seller to seek other blds, im
which case the buyer typically has the right of first refusal. Accordingly,
a redetermination of price outside of the range established by the minimum
and maximum creates & risk that the buyer may lose a supplier. Such a
redetermination, presumably, would not be undertaken lightly.

Harket-out clauses are common features in long-term contracts today.
This clause provides some recourse to the buyer if the buyer finds that he
cannot resell the gas profitably. A contract may specify, for example, that
acceptable evidence of the buver's difficulties consists of a contract price
higher than the ineremental commodity cost of the LDC's tradictional plpeline
supplier. The buver's recourse usually is te reduce the direct purchase
contract price down to the pipeline's Incremental price, If the buyer does
this, the seller may have the contractual right to seek another Euyer,
however. Market-out clauses thus have some similarities to price
redetermination features of a contract and te escalacor clauses thac link
the contract price to an alternative gas price.

Some long-term contracts have periodie price redeterminatisns,
possibly every & months or year. If the parties cannot agres on a pries,
the seller may be free to seek other buyers. In some cases when this
happens, the contract is terminated, and Iin others, the contractual
relationship persists, perhaps afcer a period of two years,

All of these contractual terms regarding price affect the risk each
party bears by entering a contract now that may in the furture turn out te be
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unifavoerable. Typically, the buyer agrees to some inflexibility regarding
future prices, thereby rumning the risk that the contract price may be

unfavorable in comparison to the spot price prevailing at seme future date,
in exchange for a secure, long-term supply of gas.
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CHAFTER 4

COMMISSION OVERSIGHT OF
DIRECT GAS PFURCHASES

This chapter describes state uti{lity commission procedures to oversea
LEC direct gas purchases from producers, The procedures &re, im part; a
response to current gas market conditiens, federal regulation, and the LDC
contracting practices discussed in previous chapters. The discussion in
this chapter is based on & survey of state commission staff members
conducted by the MERI during the summer of 1987. Survevs were sent to
thirty-seven commissions (in as many states). In the remaining thirteen
states, direct gas purchases are either unregulated or Infeaszible,
Responses were recaived from thirty commissions. The survey questionnaire
and detailed responses are in appendix A.

The chapter is organized around two major toples; commiszsion review of

direct gas purchase contracts and comaission incentives to promote efficlent

purchasing.

Commiecion Review of
Dixect Gas Furchsse Contracts

Several questiens Iin the NERI survey desalt with the nature and scope of
current commission review of direct gas purchase contracts, Toples covered
Included the occasions for a review, the types of information reviewed,
other types of information that might be helpful, the possible need for
revision of purchased gas adjustment procedures due o direct gas purchases,
and the need to ensure confidentiality of contracts. The purpose of theae
questions was to determine what commissions are deing to momiter LDGC
purchases, what documents they examine, and what documents they might like
to examine. The WRRI survey revealed a variety of ways that commissions are
uging or are planning to use to overses the new gas purchasing opportunitias
facing local distributors.
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Warure of the Review Process

Commissions review direct gas purchase Iin & variety of waya, inecluding:
review in a PGA proceeding, review in a general rate case, periodic review
by commission staff or outside auditors, and preapproval of contracts by a
commission. Some report having no review at sll. Contracts that an LDC has
with an affiliated gas producer typically are scrutinized more closely. The
majority of the commissions surveyed review direct gas purchase conmtracts in
some way. The review Is usually part of a PGA proceeding, although general
rate cases are sometlimes used for thils purpese. The Oregon and Tennessee
Commissions are exceptions and review such contracts only in general rate
Cases,

The frequency of reviews varies with the commission, with annual and
gemlannual reviews baing the common, The California Commisslon reviews
contracts in PGA proceedinmgs twice a year, although the Commission plana to
change to annual reviews. In Connecticut, reviews are conducted monthly im
PCA proceedings and every two years in general rate cases. The Hew Jarsey
Board reviews comtracts annually in PCA procesdings and every thres years in
rate cases, The Delaware Commission reviews a contract im a PGA proceeding
1f the contract changes or If the issue arises for other reasons. Contracts
are reviewed also in general rate cases if they have changed or are about to
change In the near future, Some commissions, such as those in Kansas and
Kentucky, review the contracts regularly in PGA proceedings and then again
in rate cases only if necessary. In lowa, contracts must be filed annually
with the Board as part of FGA and anmual review of gas procurement (ARG)
filings. Information from the contracts is also used In the caleulacion of
purchased gas adjustments, which are filed whenever a change of 0.5 cents
per therm occurs, although not more frequently than every thirty days.

The Ohio Commission also reviews contracts in PGA proceedings. The
frequency of the review is dependent on the nusber of customers that the
company serves. Companies that have over 5,000 customers are reviewed
anmually, while smaller companies are reviewed biennially.

S5ome states have developed other ctypes of procesdings in additionm to or
in lieu of PGA or rate case review of contracts. The Michigan Commission,
for example, has replaced the PGA proceeding with an annual Gas Cost
Recovery Proceeding. Under this proceeding, which iz required by state law,
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a utilicy must flle an annual gas eoat recovery plan that is subject to
formal hearings to determine its prudence and reasonableness. Direct
purchase contraccs are reviewed in these proceedings. In Iowa, the Board
conducts annual review of gas procurement (ARG) proceedings (mentioned
above) during which the weility must prove that it is taking all reasonable
steps to minimize gas costs, Contracts are reviewed in these procesdings,
which are in addition to PGA procedures.

Commission staff may review direct purchase contracts on some occasions
other than during PGA proceedings or rate cases, In West Virginia, for
example, the staff may review a contract in a complaint proceeding or 1f an
affiliated transaction is involved. Some commisslions require that the
contracts be filed with them, and staff may examine the contracts at that
time. The Ohio Commission staff may undertake a preliminary review of a
contract at the request of the utility. The frequency of staff reviews
varies with the commission and ranges from twice a year te every three
Years, or as warranted,

Although gas contracts typlically are reviewed by commissien scaff
members, & few commisslons use outside suditors and a few preappreve the
contracts., Two states reperted the use of outside auditors. The Ohio
Commisslion hires ocutside auditors to review contracts as part of the PGA
proceedings. The New Jersey Board also has an annual review of contracts by
outside auditors, The North Carolina Commission preapproves contracts in
some spacial clroumscances in which a filing is made. The West Virginia and
Eentucky Commissions approve contracts Invoelving affiliated transactions,

In West Virginia, a hearing is held at which time the utility must prove
that the terms and conditions of the contract are reasonable, that neither
party 1ls glven an undue advantage, and that the contract does not adversely
affect the public.

Several state commissions reported speclal procedures for dealing with
contracts between an LDC and its affiliate. The Kentucky Commission
monitors affiliated transactions through data requests. The New Mexico
Commission must be notified when an affiliated transaction is undertaken and
furnished with a copy of thea contract.

The Oklahoma Commission has & procedure to determine if an affiliated
transaction is an arm’s-length agreement, In it;, the Commission considers
whether the contract price {s comparable to a fair field price paid to other
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producers and whether the contract terms are llkewlse similar to those in
cencracts of ether unaffiliated producers.

The Pennsylvania Commission, like the Kentucky Commlission, subjects
affillated transactions to more intense scrutiny. The Delaware Commission
roported one instance of an LDG purchasing from an affiliated producer. In
that case, the gas price was midway between the pipeline’'s commedity rate
and the most recent spot price, and consequently the price was considered
reasonable .

Several commissions do not now conduct any cype of review of direct gas
purchase contracts; others are mich more active In overseeing direcc
purchases. The New York and Kentucky Commissions, as examples, actively
oversee direct gas purchase contracts. The MNew York Commission reviews
contracts in PGA proceedings and in rate cases, requires contracts to bes
filed wicth the Commission, and provides for staff review and monitoring of
contracts, The Kentucky Commission reviews contracts inm quarterly PGA
proceedings, and (if necessary) in rate cases, requires contrasccs to be
filed with the Commission, provides for staff reviews as contracts are
filed, and carefully examines contracts with affiliated producers., Most

other commissions moniter such contracts less intently.
Types of Information Reviewed

Filing requirements that commissions may {mpose on jurisdictional LDCs
include; the contract itself, price and volume information from each
contract, and aggregated price and quancity Information from all contracts.
In addition to these, the Califernia Commission requires any records,
internal memos, and correspondence becween the parties invelved to be
submitted. The Commission wants to understand what the utility knew at the
time that it made the agreement. The Iowa Board requires that invoices be
provided,

The Kansas Commission requires that an LDC provide & descriptiom of
other alternatives for obtaining fuel and the reasons for selecting the
alternative smbodied in the contract. A justification for esach price
escalation invoked under the contract must also be furnished, The COhie
Commission requires an independent auditor or the Commission scaff teo review
a contract, Including an evaluation of its volume, price, and oblligacions
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such as minimum takes, teke-or-pay, price escalators, and cost of
transportation.

The Penmsylvania Commission allows an LDC to collectively repert
information about individual gas suppliers who provide less than 2 percent
of the total system supply. In Minnesota and Utah, there are mo set
information regquirements. In Utah, the Commissiom and the Division of
Public Utilities (which is not the Commission’s staff) determine the scope
of an investigation in a case and then request the necessary informationm.
Usually, summaries of contracts are reviewed,

The West Virginia Commission requires a contract ro be submirced if the
agreement is subject to FERC jurisdiction, If & contract is with a local
producer, a summary of relevant lcems must be provided, such as name,
quantity, price, county of productlon, producer name, well name and number,
and HEPA clasgification. Some information sust be broken down between
projected and historical PGA periods. For the projected period, the LDC
must furnish estimates of the total cost of purchesed gas, the volume of gas
purchased, sales, total supply available, and excess unaccounted-for gas.
For the historical period, the LDC must submit the actual guantity and cost
of purchased gas, the actual guantity and cost of all gas transferred te and
withdrawn from storage, the total gas sold, a list of any offers to purchase

gas issued by the utility, and a list of any offers to sell gas received by
ic.,

Information That Might Be Helpful

As part of the NRRI survey, commissions were asked {f there were any
types of information not received currently that the commission might find
usaful in reviewing direct purchases nnntra:fa. Most respondents answered
"no," or said that they weres obtaining all of the Informatiom that they
neaded. Some stated that certain data might be helpful, Three commissions
pointed out that it would be useful to know an LDC's reasons for turning
down bids or offers of gas, for comparison with the accepted contracts. The
Delaware, Minnesota, and West Virginia Commissions noted this poasibility.

Other types of information that respondents mentioned inecluded: any LDC
legal analyses of contracts; survey dats to use as a scandard for evaluating
LDC actions; an external, independent measure of the reliabllity of
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suppliers; an evaluation of the market that the LDC plans to serve with the
gas supply; a description of the proposed delivery point of the gas inte the
LOC system, as well as the amount of other gas flowing into the system there
and the ecapacity at that delivery point (to assess the LDC's sbility to
accept the gas); a synopsis of the LDC's least-cost strategy; and an
explanation of how a contraet fits inte the overall LDC supply plan. These
kinds of information reflect the regulators' desire to gain more insight
inte utility decision making, including why a particular option was chosen,
why another optien was not, and how the chosen alternative fits inte an
overall plan to provide reliable service at least cost.

Overall, then, most commissions sppear to be receiving substantial
amounts of information on direct gas purchase contracts. Although a
minoricy of the commissions had suggestions about additional information,
most perceived that the information currently recelved is adequate to
oversee LDC direct gas purchases,

Heed for Revision of PGA Procedures

Because direct gas purchases are a relatively new phenomenon, some
commiszsions may need to change thelr established PGA procedures, The RRRI
survey indicates that several commissions have made or plan changes. This
is not surprising. The purchased gas adjustment procedure is the main means
of commission oversight of direct gas purchase contracts, and commissions
want to insure that the procedure continues to work effectively under
changing eircumstances. Nonetheless, most commissions plan no changes to
thelr procedures, an indication that most believe their procedures (and '
access to information) are adequate to deal with changing circumstances.

Examples of revised procedures include the action of the Minnesota
Commission to give utilities that make direct gas purchases a wvariance frem
exiating PGA rules. The new PGA poliey allows a utility to pass through the
costs of the purchases.

The Chio Commission plans to merge ics review of LDC long-term
forecasting with its purchased gas management and performance audit, This
move s designed to enable the Commission to examine a utility's long-range
gas purchasing strategy and to offer more prospective guidance. The change,
however, 18 not due solely to direct purchase contracts,



The Oregon Commission is considering a shift to quarterly PGA reviews
from its current semiannual PCA trackers. In part, the change is dus to the
effect af the FERC Order 436 on interstate pipelines.

The Virginia Commission has made some revisions in its PCGA procedures
on a case-by-case basis. The Commission Intends to eliminate lags in the
process that previously kept lower gas costs, such as spot purchases, from
being passed through to ratepayers for up to twelve months after the
purchases had ocecurred, The Commission also plans to initiate a generic
proceading covering gas purchasing and revisions to PGA procedures,

The South Carolina Commission has issued orders to begin annual
hearings to examine the purchasing policies and procedures of LDCs. The
Ternnesses Commission is considering a modification to its PGA process that
will allow all gas costs to be recovered through a balance aceount.

The West Virginia Commission adopted a rule providing for the
historical and projected PGA reporting requlrements described earlier. The
Commission would like LDCs te contract more often with local producers for
gas and te buy more spot market gas. As part of thls overall pelicy, the
Commission recently approved a rule requiring LDCs and intrastate pipelines
to provide open access transportation.

The Wisconsin Commission currently does not review direct purchase
contracts, In July 1987, however, the Commission initiated a generic

purchasing, planning and prudence i{nvestigation. PGA modifications were
considered as part of that proceeding.

Contract Confidentiality

Begulators protect the confidentiality of the contracts in a variety of
ways. The documents are not required to be filed at some commissions, and
they are part of the publie reecord with guaranteed public access at others.
Some commissions safeguard the contracts by prohibiting public access or by
using special procedures such as confidentiality agreements. Others limit
access to contracts only if the utilities make such requests, HMost
commissions have adopted procedures to guarantee confidentiality. Some use

the procedures only if requested to do so by a utility and otherwise allow
public access to contracts.
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Three commissions (Copmecticut, Mew Mexico, and Tennessee) have
policies of unconditional public access, A fourth, the Washingtom
Commigsion, provides "broad access of the public to anything at the
Commizsion® but does mot reguire contracts to be filed with it, as do the
other threa, Three commissions prohibit public disclosure of conmtracts.
These are the California, Eansas, and North Garolina Commissions. The
Oklahema Commission does not disclose contracts to the public, and the
Commission staff does not maintain files of contracts.

The Delaware, Nevada, Oklahoms, and Oregon Commissions review the
contracts at the utility's offices. Confidentialicy 1s sssured because the
contracts remain with the utilicy,

The staffa of ths Delaware, California, and Utah Commissieons, and of
the Mew Jersey Board sign confidentiality agreements. As mentioned, the
California Commission has a policy that contracts are not disclosed to the
publie. The Utsh policy is to agree to & confidentiality statement in cases
*where confidentiality is wital."

While many commissions employ confidentiality protectiomn procedures if
requested to do so by an LDC, the commission may not automatically honor the
request. In Penmsylvania, for example, the administrative law judge hearing
a case pust decide whether or not to grant such a request. In other states,
such as Iowa, Minnesora, Mew York, West Virginia, and Wyoming, requests for
confidential treatment of contracts must be approved by the Commission,

Commission sgreement to confidemtial treatment of documents may limic,
but not entirely exclude, outside access to those documents. The Minnesota
Commission, after ruling that Information is to be considered a "trade
secret" and not available to the public, nonetheless allows the information
to be examined by state regulatory agencies and some other intervenors. The
Ohic Commission generally does not keep copies of contracts on file and may,
in gas cost recovery cases, issue protective orders limitinmg access to any
information it does have. The Ohio Consumers' Counsel, in addition to
Commission staff is permitted access to the documents.
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Co Elw
Efficient Purchasing

A state utility commission can provide incentives for an LDC to
purchase gas efficiently through its purchased gas adjustment procedure, a
least-cost purchasing requirement, or a prudence review. The strength of
the incentives differs among these three policy options. A PGA provides the
least incentive if it is used merely to pass through fuel costs. A
commission may structure a PGA proceeding, however, in a way that promotes
more efficient purchasing practices,

The other two options provide more incentives for least-cost purchasing
because they includea some sanctions. The sanctions are im the form of
denial of cost recovery if purchases sre deemed unnecessarily expensive. A
distributor, in addition, may want te avoid the extra costs and potential

embarrassment that could result from a prudence investigacion, for Iinstance,
into its gas purchases,

PGA Procedure

Many commizsions’ PCA procedures do not have any features Iintended to
create an incentive for efflelent gas purchasing and supply plamming. In
some cases lmprudent costs may be dissllowed or there may be certainm taciff
features or other statutory requirements thac create some incentives,

The disallowance of Imprudent costs (or similar language) was mentioned
by the survey respondents from Commecticut, Iowa, Kansas, New York, Ohio,
and Pennsylvania. The Iowa rules require the Board to disallow costs in
excess of those that would be incurred under prudent practices. This
procedure is part of the lowa Board's annual review of gas procurement
practices [ARG),

Indiana law requires the Commission te grant Increases In gas charges
only Lf it finds (among other reguirements) that the LDC "has made every
reasonable effort to acquire long-term gas supplies so as to provide gas to
its retail customers at the lowest gas cost reasonably possible...." In one
case, the Indiana Commission decided, in & gas cost adjustment preoceeding,
that the LDC would not be allowed to recover a price for nonpipeline gas
greater than the price of pipeline gas.
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Incentives for efficlient purchasing can be ecreated by allowing an LDC
to keap some fraction of revenuss from cost reductions for itself or by
placing LDC profits at risk. A Wyoming statute, for example, allows am LDC
to keep ten percent of any reduetion in the cost of gas. The other ninety
percent is passed through to ratepayars.

The Oklahoms Commission has approved tariffs that allew LDCs to splic
transportation margins 75 percent to 25 percent with stockholders. A 90-10
split is approved for off-system gas sales. A Fhode Island Commission
approved tariff splits margins from the sale of gas to interruptiblae
customers between the LDC (25 percent) and firm customers (73 percent).
This splic is effeetive only afrer a varget level of sales has been
attained,

Examples of the second type of incentive include a tariff approved by
the Oregon Commission that places an LDC at risk for 20 percent of the less
or gain between rate cases due to changes in the cost of gas for serving
interruptible customers. The Callfornia Commission has recently diwvided
natural gas customers into core and noncore sectors. Core customers receive
traditional utilicy service. HNoncore customers may receive, at the
customer's optlon, transmission service or both transmission and gas supply
procurement services from an LDC, Under this arrangement, part of the

utilicy's profit is based on throughput, Service to noncore customers is
riskier for the LDC with 1.5 percentage points of the return te eguity (10
percent of profit) at risk under the plan.

Requirement of Lesast-Cost Purchasing

A requirement to pursue least-cost planning presumably provides some
incentive for an LDC to purchase gas efficiently. Most commissions have
some type of requirement that an LDC obtain gas at least cost. At some,
such as those in Califernia, Connecticut, and Mew Mexico, the issue is
ralsed in PGA proceedings. In Mississippi, Kansas, and New York, rate
filings provide the wvehicle,

In some cases, a commission may have no formal requirement for least-
cost purchasing, but still may consider the issue. The Delaware Commissionm,
for example, has no formal requirement for an LDC to show that its direct
gas purchases are part of an overall least-cost purchasing strategy, but
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such purchases are reviewed as part of a utility's annual and semiannual
fuel filing for rate changes. The Oregon Commission has mo specific written
requirement for least-cost purchasing, but rates are always based on the
lowest cost gas available. The Utah Commission reviews the efficiency of a
utility’'s gas mix but has no specific least cost regquirement.

In Indiana, a state statute {(discussed in the previous section)
regquires each LDC to secure long-term gas supplies and provide service at
the lowest cost possible.

Pennsylwvania law requires an LDC, when initiating a rate case, to
provida the Commission with informatien em "the utilicy's efforts to
negotiate favorable contracts with gas suppliers and to renegotiate existing
contracts with gas suppliers or take legal actions necessary to relieve the
utility from existing comtract terms which are or may be adverse to the
interests of the utility's ratepayers.” The LDC must also describe its
aefforts to obtain lower cost gas supplies both inside and ourside of
Permsylvania. These efforts may include transportation agreements with
pipelines or other LDCs.

Hew York law contains a requirement similar to the Indiana and
Pennsylvania statutes. When applying for a rate Iinecrease, an LDC must
degeribe all of {ts supply sources and any anticipated changes in those
sources. The utilicy must also show that other reliable, lower-priced
sources are mot available, The statute requires am LDC to purchase gas from
local producers if the cost of that gas is equal to or less than the
utility’'s highest priced source of gas produced outside of New York. If the
purchase of New York produced gas would be harmful to ratepayers, however,
the LDC does not have to buy the gas,

Other statutory rules have been used to establish procedures for
regular commission review of LDC gas procurement (above and beyond rate case
of PGA review) with the intent of ensuring least-cost purchasing. The
Hevada legislature, for example, recently enacted legislation (S5.B. 449)
requiring an LDC periodically te submic a plam to the Commiszsion that
projects the demand for gas, estimates the cost of meeting the projected
demand, describes how the utility intends teo minimize the cest; and
astimates the cost, reliability and quantity of gas to be obtained from sach
supply sourca.
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The lowa Board conduccs an annual review of gas procurement practicas
for each regulated LDC. Ewvery utility annually must file a procurement plan
that includes a summary of the legal and regulatory actions taken to
minimize gas costs and a descriptiom of the supply sources saelected with an
evaluation of the reasonablensss and prudence of the utility's supply
decisions. Each LDC must also submit an annual gas requirement forecast
along with a supply forecast. The supply forecast describes all suppliers
and includes a supplier-mix opcions list and a list of planned supply
contracts and arrangements. The supplier-mix options list includes
projections of purchase costs for each mix option. The LDC has the burden
of proving that it is taking all reasonable actions to minimize gas costs.

The Hinnescota Commission requires an anmual report from each LDC on ics
procurement policies. The report includes a summary of the utility's
efforts to minimize gas costs. Periodic reports on least-cost plans and
fuel procurement are also required by the Washington, Ohlo, and Oklahoma
Commissions.

In its review of fuel procurement, the Ohic Commission allows
intervenors to challenge a utility’s purchases by claiming that alternatives
would have cost less. The Iowa Board also allows outside intervenors te
participate in its ARG reviews.

Importantly, least-cost considerations must be balanced with concerms
about supply reliability. The respondent from the Chiec Commission stated
that, "the Commission attempts to balance the concept of least cost with am
asgessment of supply reliability, therefore the lowest cost gas is not
always the optimal purchase."

Overall, commissions consider least-cost purchasing by an LDC to be a
very important goal. That objective is embodied in statutes and commission
orders and is raised in racte cases and PGA proceedings. FProgress in meeting
the goal is monictored in special hearings and through LDC reporting
requirements. The goal of least-cost purchasing covers more than simply
direct gas purchases. Honethelezs, direct gas purchases can be an impeortant
tool used by an LDC to meet & legal requirement of lowest gas costs (or some
other commission or statutory goal such as the New York and West Virginia
goal of buying gas from local producers).

30



Prudence Revieaws

A third potential commission method for encouraging efficlent gas
purchasing is the prudence review {or the possibility of such a review).
Some commissions do not undercake prudence reviews, Others include the
prudence issue in rate cases or fuel adjustment proceedings instead of
holding separate inquiries. Some of the prudence reviews are conducted in
the context of a larger annual rewview of am LDC's procurement plans. The
lowa Board’'s ARG review (s an example, The Michigan Commission reviews LDC
gas cost recevery plans annually to determine {f the plans are prudent and
reasonable, The Callfornila Commission has found some small contracts to be
imprudent when compared to alternatives.

The New York Commission has recently conducted two inquiries. In one
case, Involving Brooklyn Union Gas, the Commission issued a show cause order
to the utility to justify gas purchases from an affiliate at a higher rate
than other purchases. The contract was renegotiated at a lower price and
the Commission rescinded the order. In another case, imvolving Hatlonal
Fuel Gas, a gas purchase contract was disallowed when a price sscalation
clause in it resulted in what the Commission considered to be uneconomic
rates.

The Oklahoma Commission reviewed a nonrecoupable, take-or-pay
settlement between an LDC and a producer. The Commission staff concluded
that the settlement was prudent after considering whethar the settlement's
dollar amount was less than what the producer had initially claimed as the
take-or-pay amount; vhether the settlement mandated lesser gquantities to be
purchased from the producer; and whether the settlement prnvidadlfnr a lower
price.

The West Virginia Commissien undertakes prudence reviews to try to
insure least cost purchasing. The Commission may impute a lower price to
the gas supply. In a case involving Mountalneer Gas Company (also Involving
a contract between affiliarted entitles) the Commisslon reduced the purchase
price from 53.20 per decarherm (dth) te $2.90 per dth te reflect & more
market-oriented price,

The Chio Commiszsion examined some purchases by an LDC from am
affiliated producer. The purchases were not found to be imprudent as the
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cost was as low or lower than other purchases and this source was curtailed
when oversupplies occurred,

Thus, prudence reviews have been used, at least occasionally, by
commissions to imvestigate gas purchasing strategies of LDCs. Affiliated

transactions, in particular, are closely scrutinized in this way.
Bisk Assessment

In reviewing & direct gas purchase comtract & commission might compare
the riskiness of long-term contracts containing requirements for minimum
volumes to be purchased with shorter term contracts such as those for spot
market gaa. Most of the commissionas surveyed by the HRRI indicare that they
do not now assess such risk. In some cases, the issue has not yet risem,
and in others, the commission has no guidelines for conducting such a
review, The NHew York Commission considers risk in a general way but has no
vritten guidelines or decisions., The Kentucky Commission plans to consider
risk in upcoming reviews although it is not now being considered. The South
Carolina Commission also plans to consider riskiness of conmtracts im future
reviews.

Some survey responses described commission attempts to assess risk.

The staff of the California Commiszsion, for example, carefully reviews
certain types of pricing terms. These include tying the price of gas teo the
rate of return on the producer’'s rate base or using the weighted average
cost of gas of all long-run gas supplies. The securlty of the gas supply is
currently nmot an ifssue,

The Hichigan Commission considers supply reliability in its reviews.
The Ohlo Commission is also concerned about supply, particularly with the
ability of an LDC to continue to provide firm serviece to captive customers.

The Utah Commission, In its review of the supply mix of an LDC,
assesses the risk of long-term contracts with take-or-pay requirements
versus gpot market purchases. The Oklahoma Cosmission reviews LDC fuel
supply models, Including purchase requirements, projected fuel cesc, and
supply mix, The sctaff has found that LDC efforts to buy spot market gas
have been impeded by varlous contractual requirements to purchase.

The West Virginia Commission conslders the riskiness of an LDC buying
gas from a local producer instead of from an Interstate pipeline. The

52



Commission also considers the riskiness of long-term versus short-term
contracts, but it has not established any minimum or optimum requirements.

Risk assessment {3 not commonly used by state commissions, although
this is changing. As direct gas purchases become more common, supply risk
may become an important issue for more commisslons,

Other Aspects of Commission Oversight

A final part of the NRRI survey provided an opportunity for the
respondents to offer any special insights about the topic of direct gas
purchasing. In many cases, copmissions are only beginning te explore this
area and deferred comment.

The Utah respondent ceutioned that procedures that work well in Utah
might not work in other states. Utah's LDCs have access to a varlety of gas
sources, including some that are utilicy-owned.

The Oklahoma respondent described the Commission’s review procedure for
gas purchase contracts, noting that the staff first determines what the LDC
fuel procurement practice is. Key contractusel provisions are then reviewed
to confirm the utility's policy.

The tespondent from the Pemnsylvania Commission moted that review of
contracts between an LIC and an affiliated producer has "revealed some
surprising results.” He stated that "it is especially important to
encourage non-affiliated producers to participate in the proceedings to
uncover instances where potential gas supplies have not been utilized.”

The West Virginia respondent discussed that commission's least cost
purchasing policy. 5he stated that while the policy may have been hampered
somaewhat by implementation on a case-by-case basis, lts existence and the
fact that it can be brought up in rate cases may cause the distributors to
comply with it. According to this respondent, local gas production has
increased and LDCs have lowered their gas costs because of the policy.

Staff members from two commissions offered differing views on the
trustworthiness of LDCs. One stated that LDCs generally act in good faith
to keep gas costs as low as possible and to retain thelir interruptible
industrial custemers. Another discussed a problem that the commisslon
encountered in dealing with distributors. In the past the commission gave
prior approval to contracts. The staffer stated that in such circumstances
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an 1DC might not share all of the relevant information with the commission.
A utilicy might tell the commission enough about the proposal in order to
obtain preapproval and later use that approval as evidence of prudence.

A different viewpoint on contract review was offered by the one
commission respondent. He stated, "I do not believe that Commissions should
be involved in that phase of utility management."” This respondent also fele
that the interscate pipeline {s bestc equipped toe furnish a reliable long-
term supply of gas at least cost to customers who have few alternacives.

Conclusions

State utility commissions have responded to the new challenges posed by
direct gas purchases mainly by the use of eatablished practices and
procedures (rate case and PGA rewviews), In most cases, the commissions
believe-that their information sources are adequate to ensure effeccive
oversight, Additional Infermation, particularly regarding ucilicy
decisionmaking, would be useful to some commissions. The commissions have
alse set up procedures for dealing with the confidentiality gquestion.

The main cccasion for review of direct gas purchase contraces is the
purchased gas adjustment procesding. This proceeding has been structured,
in some cases, To include an incentive for an LDC te purchase efficiently.
Various issues, including lowest possible gas costs and prudence of
purchases, are raised in PGA proceedings in addition to pass-through of gas
costs, Some commissions also have used the PGA proceeding to pursue other
goals, such as to promote the purchase of locally produced gas by an LDC.
Separate proceedings, such as prudence and procurement reviews, have also
been used by commissions, although these inquiries are sometimes
incorporated into PGA hearings.

Host regulators believe that their efforts are suffiecient to protect
the interests of the ratepayers while allowing the LDCs to explore new
oppertunitlies to purchase gas, The new opportunities to participate in a
more competitive gas market will offer challenges both te the gas
digeributors and to their regulators. To meet these challenges requires an
understanding of how che gas market works now and how it can be expected to
work in the future., An analysis of a sample of gas supply contracts is
discussed in the next chapter in order to assess certain aspects of the

current market.
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CHAPTER 5
AN ANALYSIS OF S0ME RECENT CONTRACTS

The nature of the natural gas market has changed dramatically over the
last few vears. The emergence of the spot market and the deregulation of
nevw gas supplies have created a situation sufficiently novel that it is
important to assess how the market is working. This chapter and the next
glve some preliminary cbservacions about the market and its behavier. Thea
results are preliminary for cwo reasoms. Firsc, the matural gas market has
undertaken its transition enly recently. The change 1s therefore only
partially completed, and that which we have observed has occurred during a
period when the marker has been slack. A tipht market may behawe
differently. Second, tha sample of contracrs eollected by the KRRI =
emall, amd because it iz dominated by conmtracts iInm three states, it iz mot
necessarily representative. The results are nonetheless suggestive and

should be of interesc.

Sample

The KRRI collected a sample of about 100 recent contracts for gas
supply between producers and local gas distributors. Some of these were
spot contracts and some were longer-term arrangements. From these a smaller
sample of 28 long-term contracts was assembled that meet the following
conditions; the contract was initially signed or else modified during the
period from January 1985 to July 1987; information was available on all
pertinent items inecluding the contract’s initial price and the presence or
abgence of & minimum-cake clause, and so on; and a matching spot price was
available from other sources. It is this sample that is analyzed in this
chapter.

The cost of eollecting the sample was quite high because the contracts
are typleally confidential. As mentioned earlier, some contracts are filed
with the state commissions and are available to the public, and others are
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available only from the parties. The MERI respects the confidentiality of
the contracts in any case, and the names of the parties are not revealed in
this report. The sample was cbtained primarily through the state
commissions of Kenmtucky and Michigan, and from the East Dhio Gas Company. A
detailed listing of the sample appears in appendix B, including the initial
price, a corresponding spot price, and & series of "dummy™ varisbles
indicating the presence or sbsence of various contract clauses. In all
cases, the gas field is located in the same state as the distribution
company. That is, gas distributors typically enter into long-term
arrangements for supplies within their own states. All out-of-state
contracts that we reviewed were for spot purchases, This may change in the
future as distributors gain more familiarity with distant markets and tha
FERC Order 500 begins to open up the firm transportation market. But for
oW , distributors tend to make long-term contracts clese by and to venture
further afield only for spot purchases.

Part of the objective in collecting the sample is to determine whather
and to what extent contractual terms themselves affect the contract price
for gas. Is there a trade-off, for example, between take-or-pay obligations
and the contract price? To detect any such relation requires first that the
contractual terms be represzented by some kind of quantifiable index. Eight
types of contract clauses were recorded for each contract using the

following set of definitions:
1., Time between price renegotiations (in months})., This is either the

initial term of the contract or a shorrer period at the end of which the
parties may renegotiate the price.

2. Flxed escalator (a specific rate of growth, like 5 percentc per
yvear) clause. Coded as 1 if the contract had such a provision; 0 otherwise,

3. Escalstor clsuse tied to an alternate fuel, such as Mo, & fusl oil.

Coded as 1 if the contract had such a provision; 0 otherwise.

4, Escalator clause tled to the price of some other source of natural
gas. Coded as 1 If the contract had such a provision; 0 otherwise.
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5. Sequence in which any revised prices are submitted. Coded as -1 if
the buyer bide a price first, and thea seller can accept or reject it; 1 if
the seller asks a price first and the buyer can sccept or reject it; and O
if the process eceurs simultenescusly, or if a bilateral negotiation is
spacified,

6. Harket-out clause., Coded as 1 If the contract has & clause stating
that the buyer may revise a price,; revise the guantities to be taken; or
possibly terminate the contract if conditiens make the gas unmarketabhle at
the contract price; 0 otherwise,

7. Take-or-pay clause. Coded as the fraction of a well's
daliverability that the buyer must teke or pay for if not takem, if the
contract contained such a clause; 0 otherwise.

B. Minimum take clause. Coded as a fraction of the deliverability.

All of the contracts contained all of the ordinary anmd usual clauses
discussed in chapter 3, such as warranty and force majeure clauses, and
accordingly, there iz no need to include these as added dimensions in this
analysis--there is no variance in the observed terms. Likewise, all long-
term contracts In our sample contain a clause dedicacing the reserves, and
hence, there ls mo varlation along this dimension in our sample. A detalled
examination of approximately 30 spot contracts confirmed our expectations
and revesled no substantive differences in their contractuwal terms. While
the words and format used in a spot contract may vary among producers or
distributors, the contracts were basically the same. Each contract
specified & process by vwhich quantity and price are determined each month.
Supply by the seller and the amount of gas taken by the buyer are on a "best
afforte” basis, and either party can terminate the eontract from month to
month. With no essential difference among contract clauses, thare is, of
course, no possibilicy of observing chem having any Influence on price. 1In
effect, a spot purchase i{s a standard, homogeneous commodity, and enly price
METTErs.

Long-term contracts, however, are not homogeneous. The contractual
cerms expose the parties to varving degrees of financial risk and supply
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security--conditions that ought to be reflected in the imitial price at the
time a contract is signed. FPart of the purpose of the subsequent analysis
Ils to invescigate this conjecture,

To accurately unravel the influence, if any, of contract terms on price
requires that the analysis also account for overall natural gas market
conditions. Given its homogeneous nature, a good indicator of this is the
price of spot gas. That is, tightness or slack im the gas market should be
chservable as increases or decreases in the spot price, In addicion, one
can think of a competitive long-term market in gas as assigning a premium
relative to the spot price that buyers must pay for secure supplies.
Accordingly, esach contract in the HERI sample was matched with a
corresponding spet price at the time the long-term contract was signed and
at the distributor's location, meaning that the spot price includes
transportation cost, The matching spot price information was obtained from
a cime series of quarterly purchased gas adjustment filings submitted by
distributors te the Kentucky and Ohio Commissions and also from a monthly
time series of sport prices provided by Yankee Gas Company, a matural gas
broker. The matching is quite close and should be accurate for the purposes
of this study, As is always the case in statistical studles, better data
would improve matters. In this case, company-specific spot prices would
have been preferred, instead of estimating these from guarterly PGA filings.

diople Descriptive Statistics

Host of the sample, 16 of 28 long-term contracts, are from Kentucky. 7
are from Hichigan, & are from Ohio, and 1 is from a Mississippi diutrihut;r.
The contracts were signed in 1985, 86, and 87, with an average date of about
July 1986. The average contract price is 52.45 per Mcf. The average of the
corresponding spot prices is §2.25 per Mcf. (Recall that the spot price is=
a delivered price and includes 33 to 50 cents of transportation fees.) The
average difference between the two prices is about 20 cents per Mef.
Accordingly, in the NRRI sample, distributors paid an average price premium
of about 9 percent over spot for secure supplies. This is conmsistent with
the findings of Charles River Associates, discussed in chapter 3, that
contract premiums are between 5 and 20 percent typically. In our sample,
the premium ranged from a modest 1 percent (for a contract that was written
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in terms similar to those in a spot contract) to about 24 percent. As the
gas market tightens in the future, commlisslons can expect spot prices to
rise relative to contract prices and the average premium should decline. Inm
a tighter market, however, there may be more uncertalnty and the range of
observed price premiums may actually increase, causing a few larger premiums
to be obaerved.

Because of the detailed nature of the data, it is possible to go beyond
simple averages and to estimate relatiopships, that is, to analyze
determinants of contract price and the average pricing premium just
described. As an illustration of an interesting relation, a simple
regression equation was estimaced to predict contract price, Pn. as a linear
function of spot price, F_. (A more sophisticared statiscical model is
described Iin the followlng section.) The estimated equation ia:

Pt - 363 + .029 E"II [5-1)
(2.887) (1l6.94T)

where the numbers in parentheses below the estimated coefficients are t-
raticos and prices are measured in dollars per Mcf. The R-sguare for the
equation is .917, meaning that spot price explains a very large fractiom,
91.7 percent, of the observed variation in contract prices. The equation is
statistically significant at a very high level, although this is hardly
surprising since spot and contract prices naturally move together.

Bacause the estimated coefficient of the spot price is less chan unity
in equation {5-1}, the regressionm analysis implies that the contract price
premium is not constant, but that it instead declines for larger values of
the spot price. To illustrate this, equation (5-1) predicts a 20 percemt
price premium at the sample average spot price of $2.25. This is the same
as the simple average described before because a ragression line always
passes through the point of the sample means (fz and }n' whera the bar
denotes the mean). The standard deviation of the spot price is about 50
cents in the sample. An interesting exercise is to calculate the predicted
price premium at one standard deviation above and below the sample average.
At one standard deviation below, or a spot price of §1.75, the predicted
price premium of contract over spat purchases ls about 1.5 cents larger or
about 23.5 cents. This iz a 13.5 percent premium over the spot price. For
a4 spot price which is a standard deviation larger than the mean, 52.75, the
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predicted premium is about 3.5 cents smaller, or about 16.5 cents. This is
A 6 parcent premium over the spot market. The regression analysis, them, L=
consistent with the expectation that contract price premiums can be expected
to be smaller when the spot price itself is higher, most likely reflecting
tighter market conditions.

4 Statiscical Model of Contract Price

The simple regression analysis in the previous section suggests that 92
percent of the variatlon in contract prices is explainable hy spot prices.
While those results are interesting, and cerctainly useful to commissions,
they are nonetheless npot surprising. The purpose of this section is to go
beyond the market conditions represented by the spot price and determine
whether terms and condlitlons contained in the contraecc itself affect the
agreed-upon price. In particular, the objective iz te discover what, if
any, influence the sight contractual dimensionz lizted in the first section
of this chapter have on the contract price, The answer to this rather
gimple guestion turns out to be more complicated than might be supposad. It
is described in two steps. The firstc, discussed in the next subsection, is
to estimate a hedonic price equation, which turns out to be flawed because
of colinearity. The second, intended to overcome the colimearity
difficulties, is to estimate a structural model, which turns out to be
flawed because of simultaneity problems. In the end, it is clear that the
sample provides some strong reasons to believe that contractual terms and
conditions have important influences on the contract price, yet the )
information is not good enough te provide precise, relisble estimates of the
effects of specific contract clauses. Scill, the Iimportance of supply
sgcurity and financial riskiness can be discerned In the relationships
between contractual terms and the contract price.

A Hedonic Price Model
A hedonic price equation or model is one in which the presence or
absence of contract terms is used in & multiple regression to explain (or

predict) the contract price. The {des is that the item in guestion, in this
case a contract, has a variety of dimensions that affect its quality. High
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gquality ltems are likely to sell at higher prices than those with a lower
quality, (A good example, not related to public utillity regulation, Is to
statiatically escimate the price of a house as & function of its size,
number of bathrooms, whether it iz air conditioned, has & garage, snd so
on.) S0 a natural gas conmtract with a particular set of contract terms will
foetch a different market price than one with a different set of terms.

To astimate the hedonic price eguation for the NRRI sample of 28
contracts, a multiple regression model was estimated that has the lipear

form:

H+a, F+a, A+a. G+ a. §

2 3 4 5 &
+ &, H+a, T+ 8q K+ ¢ (5=2)

Pn - 1u - IIPH + a

where P: is contract price,
a, afe parameters to be statistically estimated for 1 = 0 to 9,
Pl is spot price,
M is time between price negetiations,

indicates & fized escalator clause,

indicates an alternate fuel escalator clause,

indicates another gas escalator clause,

L TR

indicates whether the buyer or seller or neither initiates the
price renegotiation process,

indicates a market-out clause,

indicates a take-or-pay clause,

Indicates a minimum-take clause, and

¢ i= an error term.

m o= R

A detalled desecription of the warlables in equation (5-2) 1z in the filrstc

gsection of this chapter. The statiscical results are reported in table 5-1.
The R® for the hedonic equation explaining the contract price is 9786,

The addition of the eight warlables measuring contractual cerms has

increased the HE by .062 over that of the simple squation containimg only

2 is highly statistically significant;

the corresponding F statistie is Fia = §,.892, which is significant at the

the spot price. This increment to E
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TABLE 5-1

HEDCGHIC FRICE MODEL OF GAS CONTRACTS

Dependent Variable: Inirial Contract Price

Sample Size ¢ 28
B2 d 97EE
{Probabilicy > |E])

Iudapaudagt Estimated Standard Eignificgnna
Varlable Coefficient _Erroyr Level
Intercept . 25568 21301 0BG
Spot Pricea .9739 .05881 . 0001
Time to Heg. .00102 D004 39 036
Fixed Escalator 3584 1249 .013
Alter. Fuel Escalator 0733 1877 701
Dther Gas Escalator -, 1516 084 089
Priee Sequenca =. 1117 .0506 L 041
Market-0Out -. 1583 o716 L0407
Take-or-Fay LB50G G433 072
Minimum-Take -, 0363 L1218 . 768
Hichigan =, 761 3030 022

Hotas:

&. The independent varisbles and the coding are deseribed in the firsc
section of this chapter.

b. The significance level Is the probability of being wromg in
concluding that the actual effect of a variable in a larger
population iz az observed in thiz sample,

Source: Authors’ ecaleulations.

001 level. As a group, contract terms clearly exert an influence on the

contract prica.

Unraveling the separate influence of each of tha eight cantract
dimensions is difficult in this particular sample because of severe
colinearity. The symptom of this colinearity, as reported im table 5-1, is
that some coefficients of individual contract terms are estimated unrelisbly
and have large standard errors. As an example of the colinearity, all of
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the contracts with take-or-pay clauses in the NRRI sample are from Hichiganm,
which tend to have high spot prices (because the state is furthest from the
spot market and hence has high transportation fees) and coincidentally tend
to inelude esealator clauses tied to both alternative fuels and other
sources of gas. Accordingly, the take-or-pay variable is correlated with
spot price and the price escalator variables. This is why the take-or-pay
variable has an estimated coefficlent of ,B8504 in table 5-1. This appears
to mean that the inclusion of a 100 percent take-or-pay clause would add
ahout B5 cents te the contract price. Alternatively, an additiomal 10
parcentage points of take-or-pay {from 70 to 80 percent, for example)
seemingly adds 8.5 cents to the contract price. One would expect the
relation to be negative, and not posicive as is the case. The positive
coefflclent comes about because the take-or-pay variable is a good indicater
of contracte for secure suppllies, particulsarly in Hichigsn, and not because
the clause itself causez the buyer and seller to agres to 8 highar priece.

The conventional wisdem is that take-or-pay provisions in a contract
ought to act as a substitute for price, because the Increased finmancial
security of the seller under higher take-or-pay levels should induce the
seller to agree to & lower price. The difficulty is that the sample has
significant contract price differences that are associated with differences
in geographical location. The sgquation imcludes a wvariasble thar indicaces
whether or not the contract was writtem In Michigan to contrel for this
geographlcal effect. The coefficient of the Hichigan warlable is -.761,
however, which i{s negative and {mplausibly large in absolute magnitude. The
difficulty can be traced, once asgain, to colinearity problems that create
difficulties in separating geographical effects from those due to aupplj.
security.

Because of the rather severe colinearity problems the coefficients in
table 5-1 have not been estimated reliably. Some seem quite sensible,
others appear to be biased. The coefficient of the wvariable measuring the
time between price renegotiations (in months) is estimated to be .00102,
which means that longer-term contracts have higher prices--presumably
because of the additional security of supply. Adding 5 years to the time
beafore price can be rensgotiated is esstimated to add about 6.1 cents to the
contract, which seems plausible. The presence of a price escalator based on
some other gas price is estimated to reduce the initial price by 11.1 cents,
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and yet the presence of an escalator clause tied to the price of an
alternate fuel has a positive 7.3 centz effect on the contract price, an
amount which Is statistiecally insignificant. It seems doubtful that the
escalator based on some other gas price would be statistlically significant
but the escalator based on alternate fusl would be insignificant. Because
of the mixed results, some sensible and others not, it is worthwhile to use

a somewhat more sophisticated approach to the estimstion, as reported next.
4 Structural Modael

The souree of the problem just discussed iz that a gample of 28
obgervations does not contaln enough information te successfully estimate
the independent effects of B contractual dimensions. There is a variety of
ways to reduce the nusber of variables, including the simple expedient of
omitting one or more. The statistical method of principal component
analysis can be a useful way, alse. Instead of either of these, a
structural approach was adopted, whereby a reduced number of variables was
created, sach based upon economle principles and similaricy of purpose
garved in the contract,

A detailed examination of the contracts reveals that most of the terms
and conditioms {(of those eight that vary from contract to contract) can be
clagsified as serving one of two purposes: the clause affects the future
flexibility of price adjustments or else it affects the future flexibilicy
of quantity adjustments. At the time a contract is signed, the price that
will prevail at some date in the future can ba anticipated te be sasily _
adjusted if the contract contains a clause that bases the price on the price
of an alternate fusl (No. & fuel oil) or upon the price of gas from some
other source (the incremental price of an LDC's plpeline supplier 1=
typlcal). Likewise, price is easily adjusted in the future if a market-out
clause is included. Longer times between price renegotiations serve to make
future price less flexible; that is, future adjustments of it are more
difficult. The wvariable that measures whather the buyer or seller initiates
the price change does not have an obvious, a priori effect om future price
flexibility, although it could be arguesd that contracts with seller
initiation have more future potential for adjustment since the producer side
of the wellhead market may be more competitive., That is, there are many



more producers than LDCs and pipelines. In any case, it is an empirical
issus best left to statistical analyais,

When a contract iz signad, the parties can anticipate that tha future
guantities or takes may be adjusted easily or with difficulcy, depending on
certain contract terms. A high take-or-pay fractiom restricts the buyer's
ability to adjust quantities, possibly severely. Likewise, a minimum-take
clause limics a buyer's flexibility, although not as severely in most of the
contracts in the NRRI sample. A market-out clause increases tha
possibilities for future adjustment, by creating condiclens under which the
parties must reach a mutual agreement or else be released (at least
temporarily) from the contracc,

The preceding discussion suggests that a large number of contract
dimensions could be reduced down to two indices of adjustmenc difficulcy:
ona for price and the ather for quanticy., In any such reduetien of
dimensionallity, some Informatlion is likely to be lest, In suffering such a
logg, the analysc hopes te reduce the colinearicy problemsz and thereby more
accurataly estimate the effects of a smaller number of variabhlas.

For this study, the two adjustment indices were developed judgmentally,
although a more formal statistical technique like principal components could
be used. The judgmental procedure for each index had two steps. First, the
entire sasple of contracts was rank ordered according to the difficuley of
adjusting prices (and separately, quantities). The ordering was basad upon
the judgment of two NBRI analysts who directly compared all possible pairs
of contracts. Afcer the sample was completely sorted (thers were some ties,
s0 the ordering was not strictly complete), the contracts were assigned an
index number from 1 to &, with 1 indicating easy adjustment and & inﬂltntin&
difficult edjusiment, The index iz Intended to represent an interval scale
and includes tenths of an integer, zuch &g 1.2 or 3.8, This procedurs,
firset sorting and then rating on the szcale from 1 to 4, was conducted
separately for the price flexibility and quantity flexibility dimensions of
the contracts. These two adjustment indices should capture most of the
information conveyed to the parties by the eight contractual dimensions.

The statistical model containing the two adjustment indices i=s
degeribed in teble 5-2. The model has three equations. The flrst predicts
the contract price based upon the spot price, the two indices, and a dummy
variable indicarting wvhether a contract is from Michigan. The ather two
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equations are used to prediet the two adjustment indices. The equations
contain variables reflecting contract provisions expected to influence the
difficuley of adjustment, as well as the contract price. The presence of
contract price in these two equations Is Intended to reflect simultaneity in
the joint determination of the contract price and the contract's provislons
for future adjustment. This is to say that not only might furture price
flexibility affect the parties’' agreement sbout the initial price, but in
addition, a high initial price may be a reason for a buyer to want flexible
terms included in the contract. Cause and effect may go both from contract
terms to price and from price back to contract terms. The modsl
specificarion in table 5-2 is intended to allow for this type of
Simulcaneous interaction.

The structural model was estimated using ordimary least squares, two-
stage least squares, and three-stage least squares. The latter two methods
are intended to compensate for simultemeity bias that might otherwise affect
OLS. The 25LS and 35L5 results were guite similar and since 35LS estimators
should be more efficient, only these are reported in table 5-3. The tabla
shows the estimated coefflclents using OLS and 25LS. Beneath each estimated
coefflelent s its significance level, shown as a probabllity with smaller
values indicating greater statistical significance.

The estimates of the coefficients change very little in comparing the
OLS to the 35L5 results. Both sets of estimates indicate that price
adjustment is an important determinant of contract price, but that quancity
adjustment difficulty has little effect. The estimated effect iz that
contracts with terms that make price adjustment difficult are likaly to have
higher initcial prices. Difficulty in adjusting quantities iz estimated to
have a small negative, but statistically insignificantc, effect on the
contract price., In addition, the analvsis suggests that contracts in
Michigan are likely to have contract prices about 25 cents higher than the
rest of the sample.

To understand these results, it {s i{mportant to recognize that price
and guantity adjustment terms affect the riskiness of a contract as
perceived by both parties. Higher walues of Iq amd IF mean that a contract
is less adjustable and consequently more certain. An increased degree of
certainty, less riskiness, should reduce costs from the producer’s wviewpoint
and thereby encourage a greater supply of gas at a given contract price.
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TABLE 5-2

A STRUCTURAL MODEL OF CONTRACT FRICE

The model is

P: - bl 1FI + I:-2 Iq + a8y E! + a, H + i, F + £

I15 - h3 Iq + bﬂ PE + ag R+ a, A
+ a. G 4+ 2 5 4+ ag M+ €y
Iq - h51p h& Fn + ag T + a, K + a5 M+ £

where FP_1is contract price,

I: is the index measuring the difficulty of price adjustment,

Iq is the index measuring the difficulty of quantity adjuscment,
PB iz spot price,

Indicates that a contract is from Michigan,

Indlcaces a fixed escalator clause,

is cime between price renegotiacions,

indicates an alternare fuel escalacer eclause,

indicates another gas escalator clause,

indicates whether the buyer (-1) or seller (1) or neither (0)
iniciates the price renegotiation process,

indicaces a market-out clause,

W 8 » = oW X

s the take-or-pay fraction,
indicates a minimum-take clause,

are parameters of exogenous variables,

g e ®_moAa =X
[ g

{ 4Te parameters of endogenous variables, and
!'i are Brrolr Carms.

Source: Aurthors' caleulacions.
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TABLE 5-3

ESTIMATED COEFFICIENTS OF THE STRUCTURAL HDDELt

Estimacieon Technigue

—Ordinary Lesst Squares —3 Stage least Squares
Equation Equacion
Variable Pﬁ Ip Iq Pn IP Iq
P .300 - 094 .241 -.104
® {.19) (,36) (.31) (.34)
1 ' .105 .192 L1124 .14k
P (.0&) (.05) (.06) (.27)
I -.019 LG06 -.027 323
1 (.66) (.02) (.60) {.08)
FE L9188 L9213
{.0001} {.DDOL)
H 252 . 264
{.01) {.0L)
F - . 007h -_089
{.98) (.80}
N 0032 .00as
(.08 (.05}
A 111 . 380
(. B&) (.53)
b =1_17 -1.167
(. 00043 (.0005)
5 -.T18 -.731
(. 0009% (.0008)
M -.994 -.553 -1.089 -, 575
(.0012) {.0001% [ .0007) (. 0001

{continued on the next page)
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TABLE 5-3 (concinued)

%
ESTIMATED COEFFICIENTS OF THE STRUCTURAL MODEL

Estimation Technigue

—Ordinary Leasgt Squares

Equation Equation

Variable Pu IP Iq Ec lP Iq
T 1.273 1.239

{00001 { 0001}
K 1.800 1.974

(. oDoLY (A Talah
Intar- .128 1.248 1,413 . 084 1.547 1.547
cept {.35) {.07) {.001) {.59) {.03) {.0031)
e 961 810 974 (System R = ,953)

*Numbers in parentheses are the significance levels or the probability of
being wrong in concluding that an independent or structural wvariable has

an effect on the dependent variable. (Lower numbers indicate greater
statistical significance.)

Source: Authors' calculations.

From the buyer’s perspective, more certainty about the contract (because Iq
or IF is high and the contract is Inflexible} should reduce the need for
contract supplies and allow demand to be shifted in favor of spot sources.
Hore inflexible contracts should make the contract market less attractive
and the spot market more attractive. Hence, higher wvalues of I_ or IP
should encourage more supply and discourage demand of long-term contracts
and should lead to lower contract prices. All other things held constant,
this perspective suggests that Ip and contract price ought to be negatively
related, the opposite of what was observed Iin the NRRI sample.

Other things, however, are not constant, and in parcicular uncertainty
most likely wvarles between LDC territories for a variety of reasons not
observable in the contracts. An exogenous difference in uncertalnty from

one service territory to another can be offset by a judicious adjustment of
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contract terms. From the above discussion, greater uncertainty of an
exopgencus nature would tend by lcszelf to inerease prices in the contract
market and could be partially offzec by adjusting the contract terms so as
to reduce uncertalnty, which would be ocbserved as a higher valus of IT_ in
our sample. Consequently, the observed posicive relation between IF and
contract price could be due to geographical differences In the ways of
writing contracts that have been adopted to cope with local condlcions of
uncertainty.

In effect, the locational differences in risk seem to make the index of
price inflexibility a measure of supply security., Contracts with relatively
inflexible pricing terms tend to be contracts that the parties intend to be
enduring, long-term, and consequently secure. More secure contracts, in
turn, tend to have higher contract prices. This is consistent with the
ohaervarion that contract prices cypically exceed spor prices--securicy i= a
valuable aspect of a contract.

Hence, there are two conflicting relationships that confound tha
analysis of contract terms and prices. First, within a local gas production
area, contract terms that create inflexibility in future adjustments to
price or quantity could be expected to substitute for contract price, and
accordingly the relation between contract price and the indices of
inflexibility ocught to be negative, On the other hand, contracts in
different production areas partly reflect local conditions of risk. Riskier
areas ate likely to have higher contract prices and also more inflexible
contract terms as a partial offset to the higher level of exogenous risk.

These conflicting tendencies are cbserved in the HRERI sample of )
contracts, The contracts from Michigan especially appear to reflect local
conditions that have resulted in high prices and rather restrictive,
inflexible contract terms. As such, the wvariable that indicates whether a
contract is from Michigsn mostly identifies an ares where local risk
conditions differ from the remainder of the sample. This ia borme out by
additional analysis. If the Michigan variable is omitted from the contract
price equation, the wvariable measuring quantity adjustment, Iq, is then
estimated to be positive (a sign change) and is statistically significant.
In effect, Iq becomes the variable that identifies local condlicions of high
risk when the Michigan wvarisble iz omitted,
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The structural model includes the pessibilicy that contract price will
feed back upon and affect the price and quantity adjustment conditions in a
contract. Heither effect is statistically significant in table 5-3.
Contract price has a small positive effect on pricing inflexibility,
guggesting cthat the parties like ts "lock in" a price if there is reazon to
agree to a high price to begln wicth, This may be dus te the Influence of
supply security considerations. Contract price has a small negative effect
on the inflexibility of quancity adjustment terms. This may be compensatory
in nature; that is, high prices are more agreeable if quantities can be
adjusted in the future,

The model alge suggests that contraces with inflexible quantity terms
are likely to have inflexible pricing terms also. Conditions ef risk that
require the parties to restriet future quantity adjustments tend to need
limits on price flexibility in addiclon. In table 5-3, the 3I5LS structural
coefficient for this effect is .323, statistically significant at the .08
level. Likewise, inflexible pricing terms appear to influence the guantity
adjustment conditions. This cosfficient is estimated to be ,l44 by 3I8LE,
but it is not significant.

The complicated nature of the structural relatiomships amomg contract
price, quantity flexibility, and price flexibility in table 5-3 makes it
difficult for the reader to unravel the implied influence that particular
clausas have on the contract price. To help understand the model, thes
effects of each of the eight contractual dimensions on contract price is
given in table 5-4, These are reduced-form effects, meaning that the
slmulcanelcy among the three equations has been sorted out te find the
direct effect of a contract clause, as well as all Indirect effects that iny
oparate through various equations. For purposes of comparison, table 5-&
shows the reduced-form effects eatimated wsing three statisticsel models: a
direct estimace of the reduced form (previously reported inm table 5-1}; OLS
egstimaces of the structural model: and, 315L5 estimates of the structural
model, It is elear that the structural model is an improvement over the
reduced-form model, which is plagued by colinearity that causes the Michigan
and take-or-pay coefficients to be large and opposite in sign.

The lessons from the structural model are more or less the same
regardless of the estimation technique used. There are three contract
clauges that have an important influence on contract price. The inclusion
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TABLE 5-4

ESTIMATED RECUCED-FORM EFFECTS OF CONTRAGT
TEEMS OM THITIAL COMTRACT FRICES

Exogenous Reduced- form —Stpuctural Modal

Variable Model (OLS) OLS IsLs
Spot Price PE L9748 974 <951
Megoclation Time R .00l 00036 00049
Alternate Fusel A 0733 L0126 . D694
Other Cas Price H -.152 -.132 -.152
Price Sequence ] -.112 -, 08l -,0952
Market-COut H -.159 -. 127 -.1350
Take-or-FPay T LB50 L0338 L018
Minimum-Take K -. 036 .051 .02%
Fixed Escalator F 348 - . 0009 -.0116
Hichigan H -, 761 .260 272

Source: Authors' calculations.

of a price adjustment clause linked to some other price of gas is estimated
to reduce the contract price by about 15 cents, Similarly, a market-out
clause 1ls escimated to reduce contract price by about 15 cents. ' Lastly, 1f
the future course of price negotliationms is one in which the buyer anmounces
a price and the seller cam take it or leave it, the initisl contract price
is estimated to be about B to 10 cents higher.!

All three of these sffects are understandable in the context of the
existing surplus condition in the natural gas markst. A market-out clause

! The coding of the price sequemce variable is -1 if the buyer initiates

the procesz, 0 if the process Iz described as simultaneous bargaining, and 1
if the seller initlates the process.
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and an adjustment clause based on some other gas price are useful tools that
a8 buyer can use during & surplus to induce a seller to reduce the initial
contract price, In effect, these devices convey to the seller the fact that
the LDC has difficulty in marketing high-priced gas and is willing to accept
only low, cempetitive prices. The seller is willing to agres to the lower
contract price partly because of the current surplus, and partly because the
contract price cam rise when the current surplus disappears. It also makes
sense that contract prices are higher when the buyer inmitiates the
renegotiation process, if one also considers the current surplus. During a
gurplua, seller initiation of the process or simultaneous negotiation is
likely to refleet the producer’s urgency in trying to sell a commodity im &
Elut market. A buyer's advertised price may lag behind the downturns in the
market. This suggests that am LDC may want to aveid advertised prices
during & surplus and instead bargain separately with producers who have
difficulty in moving their gas.

The remaining contractual conditions in table 5-4 are estimated to
influence the initial contract price only modestly, The coefficient of the
time-between-price-negoctiations varisbhle, .00049, implies that extending
this period by 5 years adds about 3 cents to the contract price, which is
gquite small but in the expected direction. Including a price adjustment
clause based on Mo, & fuel oil appears to add about 5 cents to the contract
price, perhaps because the parties anticipate that world oil prices will
decline in the future, a plausible prediction during the 1985-87 time
period. The inclusion of a take-or-pay clause is estimated to add about 2
cents to the contract price, despite the negative direct effect that the
quantcity adjustment index has on the contract price. The indirect lffl:f
operating through the separate price adjustment equation is positive and
outwelghs the negative, direct effect. In any case, the net result is guite
small, both for the take-or-pay and minimum-take provisions. The overall
positive influence of both kinds of contract terms, although small, reflects
the geographical richness of the NRRI sample In the sense of ldentcifying
those contracts with high supply securlty. The last contract effect in
table 5-4 suggests that including an escalator clause with fixed grewth
rates has a negligible and negative effect on the contract price, Most
contracts im the NRRI sample that had such a provision also inecluded a
market-based pricing mechanism. The latter {s much more likely te be
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important to the parties during surplus conditions. If the market tightens
up in the future, fixed price escalators may becoma more important and may
exert a stronger negative influence on the initial price. (If price were
truly anticipated by the parties to be pushed up in a fixed way, the
negotiated initial price could be expected to be lower in compensation.)

Summary

A quantitative analysis of 2B leng-term natural gas supply contracts
between & distribution company and & gas producer shows that market
conditions, as measured by a corresponding spot price, are the most
important determinant of a contract’'s initial price. GContract terms play an
important, but secondary, role. In addition, contract terms cannot be
thought of as merely exogenous influences upon the contract price.
Locational differences in risk, as well as the contract price itself, exart
subtle, but real, influences on the contract terms, As a preliminary
analysis of gas contract prices and terms, this study has succeeded in
identifying some of these subtle sffects and how they work in a market
surplus. As mentioned previeusly, the reader should be cautioned that the
study perled, in additien to reflecting a surplus, also represants a
transition time for the Industry. The relationships described in this
chaprer are worth addicienal study when the market is more stable.

The approach adepted in this chapter is based upon classical
scatistical analysis, State commissions may also be interested in a newly
developed approach called Data Envelopment Analysis. This method is )
designed to study the relative efficiency of a set of production units or,
in our case, gas contracts. It is not well equipped to study relationships,
as was the objective in this chapter, but rather is useful in pointing ouc
contracts that appear to be particularly good or bad.
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CHAPTER 6&

AN EFFICIENCY FRONTIER OF CONTRACT PRICE
AND OTHER CONTRACTUAL TERMS

The previous chapter discusses the relationships among contract price,
spot price and other characteristics of a gas contract. The relationships
posited there and the estimates of the parameters cbtained are based on the
average properties of the sample of contracts. The emphasis iz on
idencifying underlying trends and the stremgth of the relationships based on
sctacistical properties of the data. In this chapter the focus shifts from
the analysis of the aggregate properties of the contracts to the analysis of
individual contracts. In the statistical analysis of chapter 5 the average
tendencies in the data are important, whereas the analysis that follows is
based on the extreme properties of the contracts. That is, contracts are
compared to a set of "best" contracts--those that are identified as having
the best performance. The technigue used for the anmalysis in this chapter
is called Data Envelopmemt Analysis (DEA).

Data Envelopment Analysis can be useful to state commissions in &
variety of contexts, not simply in a study of gas contracts. As mentioned
in chapter 1, the Texas Commission has used the technique in its study of
the efficlency of electric cooperatives.! Wirtually any issue relating to
productivicy or efficiency can be addressed using DEA. The use of DEA to
analyze gas contracts in this report is intended to introduce cthe technigque
te state commissions that may be unfamilar with it and to supplement the
ordinary statistical analysis of the contracts reported in chapter 5 with a
detailed consideration of those econtracts that can be considered efficiemt.
The technique is first described uwsing & simple example and then is used to

! pennis L. Thomas,
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fllustrate how it may be helpful in analyzing the performance of individual
contracks.

Background

Data Envelopment Analysis has recently emerged as a technique for
obtalning the relative efficlency of processes that produce outputs from
Imputs. DEA yields an index of performance which provides, on a scale of
zero to one, an indication of the performance of the input-output process.
Describing each of the units of analysis as a declzlon maklng unitc [(DMU)
which is engaged in obtaining the maximuem set of outputs from a set of
inpues, the index provides a measure of each DMU's performance relative to
what is observed to be the best parformance among the units being studied.
Thus, the measure obtained here is a multidimensional measure of relative
performance.,

In the present comtext, the unit of analvsis is a gas contract which is
to ba evaluated on the basis of criteria used to detarmine tha relative
attractivensess of the contracts, The criteria used here are the same as
those in erdinary least squares analysis of the previous chapter. The data
used in this analysis consist of 28 contracts, including the contract price,
the spot price, and the two adjustment flexibility indices described in
chapter 5. Based on the analysis in that chapter, the indices of price and
quantity adjustment difficulcy are interpreted here as measures of supply
security. A different sample or different circumstances could require that
thls interpretation be reversed. Each index ranges from 1 to & where & is
the maximum and 1 is the least security, from the buyer's point of view, for
either price or quantity. The buyer is thought to desire maximum price and
quantity security for & given contrect price. The differenmce between the
contract price and the prevailing spot price may be interpreted as the
premium the buyer pays for the security of a contract. From a buyer's point
of view, the preferred contract is one which has the smallest premium.

Thus, for a given contract price, a buyer would want to maximize the scoras
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on the security indices and the spot price.? See appendix B for a complete
listing of the data for the 28 contracts.

Given these criteris for evaluating the performance of a contract, DEA
attempts to idenmtify the best contract or set of contracts. In the case of
multiple "best" contracts, they are best in the sense of being Pareto-
superior (or dominant) to all other contracts. In the data space, the
surface defined by commecting these Pareto-superior data points is the best-
practice frontier made up of contracts that exhibit the best chserved
performance. This best-practice frontier literally envelopes the data and
hence the name, Data Envelopment Analysis. The DEA Index of performance {or
in the context of Iinputs and outputs, of efficiency) is cbtained in cerms of
distance from the best practice frontier. Appendix C provides a more
detaliled treatment of the DEA Index. The following example helps to clarify
the idesa and illustrates the creation of the index.

A Preliminary Example

For the purposes of this illustration, suppose that the data consist of
only three pieces of information for five contracts. The informatiom is the
contract price and the adjustment difficulcy indices for price and quantcity.
The hypothetical data are shown in table 6-1 and are plotted in figure 6-1.
The two axes denote the adjustment difficulty indices for price and quanticy
regpectively, and the numbers in the graph are the contract price associated
with each combination of the price and quantity index of adjustment
difficulty.

The next step in the process is to obtain the surface that ln?llﬂplﬂ.
these data, that is, to identify the surface on which lie the sxtreme points
representing the maximum securicy (in the sense of leasc price Flexibilicy

* Note that the direction of this interpretation is based on the findings
reported in chapter 5. A larger sample of contracts from a single
distributor may reflect different risk considerations than the NRRI sample
used here, For & single distributer it is possible that higher values of
the quantity adjustment index (more difficulty of adjustment), would be
asgociated with lower initial contract prices, perhaps because of high take-
or-pay requirements. In that case, the DEA analyst would nmeed to reverse
the treatment of the adjustment indices from that used in this chapter,
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TABLE &-1

HYPOTHETICAL GAS CONTRACT DATA

1.3 e
CONETECT Price Price Duantiby
A 2 4 2
B . 2 &
c 1.5 1 1
D 1.5 2 1
E 2 0.5 1
Source: Authers' caleulations.
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Fig. 6-1 Plot of adjustment indices
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or least quantity flexibility) for the minimum price. This task is
simplified by dividing each security index by price, which yields the data
in table £-2 and the corresponding figure 6-2.

The best practice frontlier iz ocbtained by connecting the extreme data
points A and B and extending the lines parallel to the corresponding axes as
shown in figure &-2. Points & and B are said to exhibit the "best
practice,”™ that is, the most price security and quantity security per umit
of price. The points C, D and E are off the frontier and therefore are mnot
efficient. This is because the portion of the frontier between points A and
B can be thought of as linear combinations of the two points or, as a
portfolio consisting of the two contracts. The point C' represents &
particular mixture or combinacion of the efficient contracts A and B that
dominates the actual contract C. Accordingly, the frontier does not include
contrace C,

An equiproportienal inereasze in both price and gquantity security move
the inefficient poincg E, C, and D along a ray from the origin to E', C',
and A respectively. The measure of inefficiency is the ratioc of the
distance of the point from the origin to the distance from the origin to the

TABLE &-2

HYPOTHETICAL DATA IN TERHS OF PRICGE

Security Index Fer Unig Price
Contract Price Duantfty
A 2 1
B 1 2
N 0.66 .66
D 1.33 .66
E 0.25 1

Source: Authors' calculations.
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Iq /Contract Price

1 2
L g / Contract Price

Fig. 6-2 Security indices per unit of price

frontier along the ray. Thus the inefficiency scores for E, C, and D ara
OE/QE*, OG/0E*, and OD/OA', respectively.

It should be noted that while E' is on the frontier, it is not txuly
efficient. It is still possible to move from E' along the efficient surface
to B, thus increasing the price security per unit of price without changing
the quantity security per unit of price. Thus, while LL*' defines the
"efficient" or best practice frontier, all sections of the contour are not
truly efficlenc. Any points lying on the section AB of the frontier are
Pareto-superior to all other data peints. Along the section AB, the slope
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of the line is a measure of the tradeoff between the two Indices of contract
gecurity and is similar to the concept of a marginal rate of substitution,

The contracts on sections of the frontier parallel to the axes ars npot
truly efficient in the sense that it {s possible ce increase one of tha
gacurity indices by a move along the frontier towards A or B with changing
the other index. For imstance, the mowve from E' to B does not reguire a
tradeoff between the two security indices. The move from E' to B results in
an increase in price security without a leoss in the quantity securicy Index.
Points on the frontier where such moves are feasible, that is, no tradeoff
is necessary, are termed Pareto-Eoopmans efficient, whereas the points on
those sections of the frontier corresponding to AB are termed Pareto-
efficient.

Thus, Data Envelopment Analysis vields & "best-practice frontier,”
which 15 a plece-wise linear surface connecting the extreme data points chae
are Pareto-superior to all other data points. The points on the fromtier
danote the best observed practice., In particular, the frontier represents
the bast practice attained in the data set and is not an indicator of
parformance that ls optimal In the sense of baing representative of a
theoretically determined level of performance.

In summary, the DEA Index ls a measure of relative performance based on
distance from the best practice fromtier, Points on the frontler have &
score of unity while those off the frontier have scores proportional to
their distance from the frontier.

DEA provides additional information that may be useful to regulators in
discussions with a distributor's gas supply manager about the clrcumstances
and reasons underlylng a parcicular contract's seemingly poor performance,
For each data polnt off the frontier, the analysis identifies the set of
frontier points against vhich it is compared to obtain its performance
gcore. Thus, the analysis identifies a set of contracts on the frontier
that are most similar to a particular, inefficient contract im terms of the
eriteria used in the analysis. This may help to focus discussions about why
this particular contract 1s different from a few others that are apparently

superior. Factors not included in the formal analysis would be relevant in
such discussions.
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Analysis of the Gas Contracts

As shown In the preceding examples, DEA produces an index or measure of
performance relative to the best observed performance. An Initial
illustration of using DEA to analyze the NRRI sample of gas contracts is the
construction of an Index analogous to the regression equation (3-1} In
chapter 5. Reecall that the equation {2 an estimate of the relatlonship
between contract price and spot priece, om average.

A slmilar exercise using DEA produces a simple index based on the ratio
of the spot price to the contract price. The value of the ratlo is less
than one because all the spot prices are less than the contract prices, The
closest to unity is one of the Ohio contracts (labelad as EE in appendix B)
for which there is only & one cent difference between the contract price
(61.88) and the spot price (51.87). In this instance, the premium palid for
the security of the contract is minimal. If the contracts are ordered by
the score on this ratie, then this Ohio contract is the "best™ in the sense
that it has the minimal premium for contract security. DEA assigns a value
of unity to this contract and all other ratios of spot price te contract
price are adjusted relative to it. This Chio contract is considered to be
the "best observed practice® and the scores for all other contracts are
caloulated with reapeet te it, In its simplest form, a DEA index s a ratio
of two numbers where the "best® ratio has & value of unity and the rest are
values relacive te this bast value.

Table 6-3 provides a listing of the spot and contract prices and the
corresponding DEA scores in the column labeled efficiency index, DEA-I. The
lowest value is .81 for Contract W, which has a relatively large differenca
between the spot and contract prices.

The analysis of chapter 5 reveals a very strong relaclonship between
spot and contract prices. Despite this, the difference betwesn the two
prices, has a wide range, as shown by the DEA-I index. The price difference
is as low as one penny for comtract EE, and, in addition, there are other
contracts for which the premium is undar five cents. However, there are few
low premiums and the majority of the contracts are clustered around an index
value of 0.93,

In general, the variations in the price differential (between spot and
contract price) can be explained by the terms of the contract. A richer DEA
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TABLE 6-13

DEA-1 INDEX BASED ON S5POT FRICE

Efficiency
Contract Index
Contract  Spot Price Price DEA-1
A 1.85 2.00 0,93
B 1,85 2.00 0.93
G 2,94 3.14 0.94
o 1.20 31.26 Q.99
F 1.84 2,00 0.93
a 1.80 2.00 Q.90
H 1.80 2,00 .90
I 1.74 2,00 0.87
J 1.90 2.00 0.95
K 3.14 3,25 0,97
L 1.98 2.75 0.88
M 1.98 2.03 .98
] 2.59 2.70 0.9
P 2.39 2,45 .98
0 2.39 2.50 .96
8 2.39 2.50 0.9
T l.62 1.B5 .88
o 2.79 3.00 .93
v 2.12 2.40 0,89
W 2,01 2.50 (.81
X 2.84 3.00 .88
Y 2.9 3.01 0,98
z 2.30 2.80 0,82
Ah 2.05 2.40 0,86
BE 2 .08 2.50 0, &4
GC 2. BB 3. 00 0.9
8] 1.87 2.25 0,83
EE 1.87 1.848 1.00

Source: Authors' caleulatcions.

index may be obtained by incorporating additional Information about the
contracts Inte the Index. The indices of price and quantity security
developed In chapter 5 contaln [nformation that helps explalin these price
premiums. The hedonie price model of chapter 5 ldentifies the importance of
various factors im explaining variations in the contract price. Tha DEA
method uses the same Information somewhat differently In that it obtains a
score of relative performance of these contracts with respect to these
factors. For instance, a DEA index that incorporates the deminsions of
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price and quantity security measures the performance of sach eontract in
cerms of the amount of security bought for a unit of price.

To consttuct this richer DEA index, divide sach securlty measure by tha
contract price. RKext, plot the data and extreme polnts in the direction of
maximum security per unit of price. The best performance or practice
frontier is found by connecting the extreme points in a plecewise lLinear
fashion. The index, in this instance, is simply the ratis of the distances
along the ray from the origin to the data point and to the frontier.

Figure &-3 represents a scatter of the contracts in two dimensions
wvhere the horizontal axis demotes the price security index divided by the
contract price and the vertical axis represents the guantity index divided
by the contract price. (The data are listed in appendix B wvhere the
contracts are identified by the letters A to Z, and then AA to EE,)

The Euntrnuts, T and DD, one from Mississippi and the other from Chie,
define the best practice frontier. They partition the data into three
groups as shown in figure 6-3. Each group has & reference contract on the
frontier. DD represents group 1; DD and T jointly represent group 2; and T
represents group 3. The contracts within each of the three groups are said
to belong to the same comparison group in the sense that they share the same
"tradeoff” rate between the twe adjustment flexibility indices. The
tradeoff rate is the slope of the sectiom of the frontier corresponding teo
the reference contracts. The slope of the line T-DP can be interpreted as
the marginal rate of substitution between the price and quantity indices of
adjustment flexibilicy,

Mote that true tradecff rates exist only for those sections of the
frontler that are bounded by actual data peints. It is not feasible te find
a tradeoff rate for either section of the frontier that extends from T or
DD and is parallel to the corresponding axis.

DEA-II in table 6-4 is the DEA index of relative performance of the
contracts when compared on the basis of price and guantity indices
normalized by the price of the contracts.

In comparing DEA-I with DEA-II, the most obvious difference is in the
idencitcy of the efflcient contract. EE was the best contract in DEA-I by
virtue of the fact that only a penny was paild as contract premium over the
spot price, The Indices differ not only in the score assigned to each
contract but alse in their relative ranking. The worst contract om DEA-II
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Fig. 6-3 Gas contract gample; securlty per unit of price

is P with a score of 0.26 while the worst in DEA-I is W with a score of
0,8l. The differences in the scores, ranking, and range of the two indices
sugpest that the information contained in the twe DEA indlces iz not
radundant. In other words, DEA-I amd DEA-II contain useful and, to some
extent, mutually exclusive information.

The analysis is further extended to incorporate both the spot price and
the security index information. Im adding this third dimension to the
pravious index, tha ability te graphically obsarve the ralative positions of
the contracts Iis legt., While the visual aid is lost, it is still possible
to partition the data into groups of comparable contracts and to identify
the reference contracts on the fromtier.
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TABLE &6-4

A COMPARISON OF DEA-II ARD DEA-IIT INDICES

Contract DEA-1I Croup DEA-1II Croup

.37
.57
.4l
.39
=T
.57
37
.37
.57
- 1)
79
+31
G2
.26
.67
67
.00
.19
.80
.89
i
B85
i
.98
.90
.59
.00
A5

94
.94
94
.99
.-
91
91
B8
96
.97
.90
.00
.96
.98
.97
.97
.00
.93
.50
.90
.90
+39
92
.98
.95
97
.00
.00
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Source: Authors' calculations.

The new model is that the contract price depends not only on the
Indices of price and quantity adjustment flexibility but also on the current
spot price, As discussed before, a buyer wishes to minimize the contract
price while actemprting to maximize both price and quantity securicy. The
spot price ls incorporated into the analysis as another factor that the
buyer wishes to maximize for a given contract price. The argument for this
interpretation is that a buyer wishes to minimize tha difference between the
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spot and the contract price. In a long-term contract, a buyer purchases a
certain degres of security and is therafore willing to pay more than the
spot price, but prefers to keesp the premium ss low as possiblae.

In table 6-4, DEA-IIT is the column of new ecores, which include spot
prices in the analysis. HNote that some apparent "inefficiencies”™ in
contracts as measured by DEA-IT disappear with the incorporacion of the spot
prices. Also, the wvarlablillicy of DEA-III is less than DEA-II, Table 6-5
provides some summary statistles about the three indices.

By Iincreasing the number of dimensionz aleng which the contracts are
evaluated, the ecriteris for judging the contracts have been increased, which
allows the contracts more room to show good performance. The score for a
contract on either index DEA-I or DEA-II serves as a lower bound for the
DEA-I1I score. That is, a contract must obtain at least as good a score on
a composite Index as its beat score on elther of the simpler indlices. It
immediately follows that all the contracts on the frontier for either the
DEA-T or DEA-II1 index must necessarily be on the frontier for the DEA-III
index. This is illustrated in table 6-5 where the minimum value of DEA-III
is .B8 which 1s higher than either of the previous DEA index values.

TABLE &-5

SUHMMARY STATISTICS FOR THREE DEA INDICES

Standard
Hean Deviation Minimm
DEA-1 0,92 0.05 0.81
DEA-IT 0.67 0.21 0,26
DEA-I11 0,95 0,04 0,88

Source: Authors' calculations.

Also, the average of the DEA-III scores has risen and the dispersion in the
scores is reduced,

In addition to T, DD and EE, which were on the frontier for the first
two indices, M is also on the DEA-III fromtier. Thesa four contracts serve
as benchmarks against which all other contracts are compared. As suggested
by figure 6-3, rays from the origin to these points in threa dimensional
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space partition the dacta Inte six comparison groups, as idemtified in the
extreme right hand column of table 6-4, The efficlent, reference contracts
for each group are listed in table 6-6, HNote that groups 1 and 5 have the
gsame reference contracts but thelr srientations in the multidimensional
space are different and hence they form two separate groups,

The notion of reference points on the frontier and the definition of a
comparison group having a common set of reference points on the fromtier can
be useful. First, the data can be partitioned inte groups that are similar
and therefore comparable, Second, each contract off the frontier can be
associated with one or more contracts on the frontier thereby providing
examples of contracts with simlilar characteristics that are performing
becter. Such information could be used te foeus discussions with a
distributor's gas supply manager about seemingly imferior contracts.

ThB-Pflilnﬁl of one particular contract in several reference sets, such
as point M in table &6-6, serves as a varning that it may be an "efficient”
putlier, The likelihood of it being an outller is greater 1f the average
gcore for the whole data set is low and there are very few data points that
are close to the frontler (that is, with scores abowe 0.9), Sensitivicy
analysis can ba conducted by systematiecally removing efficient data points
from the sample and monitoring the changes in the scores or the mumber of
points on the frontier. Ideally, one would like as many pointe as possible
on the fromtier. A frontier consisting of several efficient points would be
unlikely to contain an efficient outlier.

In this analysis of the gas contracts, removing contract M from the
analysis doas produce a richer fromtier, which has six instead of three data
points making up the best practice fromcler. The effect of its exclusiom on
the scores, however, is small since they are already fairly high--the points
are close to the frontier anyway. Also, in a data set as small as this ona,
it is best not to remove a data polnt unless Lt ls Falrly elear that it
distorts the frontier considerably.

The discussion so far has fecussed on the frontier and comparisons witch
the frontier. Equally useful information can be gained by examining the
mest distant peints from the frontier. Such points are ones that need the
most improvement and also have the greatest potential for improvement with
small changes in their operation or in this context, in the terms of the

contract. For instance, contract I, with a score of 0.88, iz below tha mean



TABLE 6-6

REFERENCE CONTRACTS FOR DEA-IIT INDEX

Comparison Humber Reference
—Group in Group Contract

1 9 M, EE

2 1 T

3 2 H, bBD

& 2 M, T

5 8 M, EE

b 2 EE

Sourecn: Authors' caleculations,

and therefore worthy of targeting for additiomal inmvestigation in order to
idencify the sources of its apparently poor performance. The distributer
may be able to identify factors not considered in the formal DEA study chac
explain the findings.

Summary

In this chapter we have introduced and described Data Envelopment

Analysis as an intuitively appealing teool for studying relative performance.
The ldea is based on the relatively simple notion of ldentifying an

afficient set of points and then using their characteristica as a benchmark
for comparing and evaluating all other data. Used this way, DEA can be &
powerful diagnostic tool.

The explicit idemtification of best performance and the linking of each
data point with at least one point (usually several) on the frontier
provides useful Information te the regulator in discharging his cversight
responsibllicies., The robustness of the results, while not based on any
statistleal eriterion of stability, can be investigated by systematically
excluding frontier data points,

Since the purpose of this chapter is te 1llustrate, the analysis has
been restricted to & limited number of dimensfons. The machemarieal
formulation, however, does not place any bounds (within reasonable limics)
on the number of dimensions or criteria used in the evaluation. The
formulation allows for the simultaneous maximization of several criteria
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(for example, security) and the minimization of others (for exampla, spot
price) thus allowing for a truly multi-objective analysis of performance.
In & broadsr context, Data Envelopment Analysis facilitates the monitoring
of the performance of an individual contract. This can be particularly
useful in tracking the performance over time of specific gas distributors,
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CHAPTER 7

OFTIMAL CONTRACT FORTFOLIO SELECTION METHODOLOGIES

The previcus two chapters examined the relative efficiency of
individual contracts. Supposing that a "best" contract eould be ldentified,
would an optimal supply portfolic comsist solely of that contract? The
answer 1s elearly no and this chapter deals with problems and issues that
arise when & distributer tries te diversify supply risk by purchasing a
mixture of supplies. The mixture would consist of contracts that are on or
near the frontier described in the previous chapter, Determiming the
proportions in which each contract would be held in an optimal portfolis iz
the subject of this chapter.

The opportunity now facing many distributers of being able to select
thelr own supply portfolios carries both rewards and risks, Conflicting
porctfolio eriteria and factors must be considered, including short-term and
long-term costs, price stability, supply rellability for sensitive core-
customers, and long-term gas availability. Portfolio decislonz are made in
the face of high uncertainty about future developments in the gas markst,

The purpose of this chapter is to provide an in-depth analysis of the
characteristice of today's gas supply optlons for an LDC in terms of
relevant supply planning criteria, and to propose two quantitaciwve
methodologles that can be used in establishing a supply portfolio.
Illustrated by numerical applications, these methodologles Invelwe the
application of (1) financial portfolio theory, and (2) multl-stage linear
programming under uncertainty.

A third quantitative method is embodied in a new, user friendly NREI
computer model called GASMIX. It is described in appendix [, the second
half of which is a user’'s manual for the model. The model is written in
FORTRAN for use on & mainframe computer, and it is available from the HRRI
as part of its model dissemination program. Either of the methods described
in this chapter could be used to screen a large number of potential
suppliers and to reduce the number of them down to the point where the
GASMIX model could be used for more detalled amalysis.
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Gag Supply Characteristics and Planning Criterja

LDCs have traditiomally bought most of thelir gas from interstate
pipelines under long-term contracts (10-20 years) that include both
commodity charges and minimum bills. The latter involve demand charges
applied to contract demand and, often, also commodity charges applied to
minimum takes. The contract demand is the peak daily deliversbilicy
purchased by a distributor from a pipeline, and the minimum take is
generally defined &8s & fraction of the contract demand. Im the past,
minimum take requirements prevented LDCs from taking full advantage of the
post-HGPA pas surplus and of attractively priced spot market opportunities,
Two decisions by the Federal Energy Regulatory Commission (FERC) modified
this situation. In 1984, FERC Order 380 removed variable costs from minimum
bills and eliminated minimum take obligations from most pilpeline-LDC
contracts., Substituting spot purchases for regular pipeline purchases
became in many instances economically feasible despite (lowered) minimu=m
bills. Then in 1985, as discussed in chapter 2, the FERC Order 436 provided
interstate pipelines the option to become contract carriers, and allowed LDC
ta convert contract demand te firm transportation, thus further allowing an
ILIe to purchase gas directly from both elose-by and far-away producers and
to transport that gas via the plpelines. These two decisions led to the
development of the natural gas spot market and te the direct purchase of gas
from producers (or brokers). In 1986 for the first time, plpeline companies
transported more gas than they sold (25 major pipelines surveyed transported
6.612 Tef in 1986, or 50.1 percent of total throughput, with sales dropping
from 9.382 Tef in 1985 to 6.57B Tef in 1986).1 -

In addition to contimuing existing contracts with traditional pipeline
suppliers, some LDGCs now have the option of establishing new contracts with
these and other pipelines, as well as with producers. More LOCs can be
expected to have such options in the future. The new contracts may display
significant wvariability in several ways:

! Inside FERC, Special Report, April 20, 1987.
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= contract duration: from one momth (typlcal spot) to one-to-thrae
years (direct purchases from producers) to 20 years (pipeline
purchases) ;

- gontract flexibility: presence or absence of minimum bills and
minimum takes {(on a dally, monthly, and/or annual basis), and market-
out (contract termination) clauses:

- contract costs: levels of commodity and demand (If any) charges and
price escalation and renegotiation (1f any) provislons;

= contract reliabilicy: is peak deliverabilicy guaranteed, or can
supply ba interrupted at any time?

- transportation availability for direct purchases from producers: firm
or interruptible transportation, and at what cost?

Clearly, 1DCs are currently taking strong advantage of availsble
cheaper supplies on the spot market, oftem at the urging of thelr state
regulatory commissions, which have stepped up audits of purchasing
practices. For instance, the East Chie Gas Company (EDGC), which serves
northeastern Ohio, has shifted from a pre-1980 supply pattern involving 920
percent of the purchases from two pipelines (75 percent from Consolidatad
Gas Company and 15 percent from Panhandle Pipeline Company) and 10 percent
from local Ohio gas producers, te a 1985-1986 pattern invelwing thes
following shares: Comsolidated {54 percent), Panhandle (B percent), local
Chio producers (23 percent), and spot purchases from Southwest producers (15
percent). The spot supplies enabled EOGC to achieve a 520 milliom savings
in purchase costs (EOGC's average cost of gas decreased from its 1983 peak
of $4.07 per Mcf to §3.86 per Mcf in 1985-19B6). EOGC has thres types of
supply contracts with intrastate producers: (1) life-of-well (all production
is sold to EOGC for the productive life of the well); (2) 3-year fixed term
{(similar to life-of-well, but the agreement can be terminated after three
vears); and (3) limited 90-day term. In all these purchase agreements, the
price is fixed for the term of the contract (for instance, on October 1,
1985 the price cffered was £3.00 per Mcf for the life-of-well and $2.75 per
Mcf for the 3-vear fixed price contracts). Contracts with other spot market
producers (or brokers) also are quite variable in terms of lemgth (from 1
month to 15 vears in duration), price adjustment procedures, contract
extension, and other factors. MHany of these contracts are on a best-effort
basis, and the possibility of supply interruption iz often included in the
agreemants.
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While these new supply opportunicies offer great savings potential for
LDCs, they also carry significane risks. Rellance on short-term agreementcs
may render the LDC sulnerable to both price shocks and gas shortages if, ac
some future time, the current "bubble" disappears and long-term arrangements
are difficult to obtain. Short-term savings may then be outwelghed by long-
cerm cost increases, and reliable supply te core customers (residential,
commercial, and small industrial who have no fuel switching capability) may
be compromised, On the other hand, too cautious an approach, relying omn
long-term pipeline suppliez only, may not be reasonable and can deny
ratepayers significanc opporcunicies for rate decreases, Thus, an LDC must
waeigh the costs, risks, and benefits of various possible gas supplies to
choose an appropriate portfolio. A fundamental aspect of this cholce 1s the
respective roles and shares of spot gas wversus pipeline supply. In
designing its supply portfolio, an LDC must consider curremt supply
opportunities, the wvarious possible developmants that may take place in the
future (for example, changes in the price of oil) and the implicatiomns for
future supply opportunities, the size of the present and likely futuras
markets, the sharing among core and noncore {switchable) customers, and the
conflicting goals of cost minimization, supply reliasbility, and price
stability.

Quantitative methods can help to design contract portfelios that
aceosunt for the above factors and trade-offs, In the following sections,
two design approaches are examined and numerical illustrations are given.
Each method has advantages as well as shortcomings, which are fully
discussed. One method may be more appropriate tham the octher in particular
circumstances. Heither solves the portfolio problem, but the discussion of
the two mathods should go a long way in helping commission staff membars to
understand the problems facing an LDC supply planner in delineating

appropriate optiona and strategles.

The Financial Portfolio Theory Approach

Some Insight inte how one can select a portfolle of gas contracts can
be gained by using a technique for selecting a portfolie of financial
securities. The financial portfolio choice problem is related to how to
distribute, in an optimal fashiom, a given budget among N securities thea
rates of return of which are uncertain. Harry Markowitz's seminal
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contribution?® te solving this problem was to find an efficient fromtiar
showing the minimum portfolio risk (measured as the variance of returm)
obtainable for a given level of return, This appreoach, most appropriate fer
risk-averse investors, provides an explicit rele for diversification. It
has been viewed as a major breakthrough in modern finance theory and has
spawned a considerable body of literaturs.?

The basic decision wariable of thea problem, %y is the holding share of
geourity 1, The rate of raturn r, on security 1 is a random variable with
mean and variance ”E‘
i The basic Markowitz model minimizes the variance of the tetal
return on all securities subject to a minimal expected return, B, and to a

The covarlance of the rates of return ri and rj is
denoted o

budget constraint (the securities shares must szum to unity):

H s N H
Min V= E axg + 2 E E Fijlixj (7=1}
i=1 i=1 j=i+l
subject to

M

E By = B (minimum expected return) (7-2)

i=1

N

L x = 1 i (budget constraint) (7-3)

i=-1

Buccessive solutions of this problem for various values of B establish
the mean-variance frontler, The problem is a standard gquadratie program for
which efficient computer codes are available. It iz genarally assumed that
the rates of return are jointly normally distributed, so that the total
raturn is also normally (and hence symmatrically) distributed. The wvariance
¥V iz a measure of the dispersion of the aggregate return for any one
portfolio, demoted by = = Exl, ceew Bypyoeee :H}.

The above model has been extended in several wayvs. 0One stream of
sctudies is related to the empirical estimation of the covariances. Indeed,

2 H. Markowitz, "Portfolic Selection," Journal of Finance, 12 {1952), 77-91.

3 See, for instance, H. Lewy and M. Sarnat,

Eortfolio and Investment
Selection: Theory and Practice (Emglewood CLiff, NJ: Prantiee-Hall, 1984).
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for large numbers of securities, this estimation is impractical (1000
sacurities would require the estimation of about 500,000 covariances). To
facilitate the application of the general model, Sharpe® has introduced
"index" models, which assume that the securities’ rates of return can be
expressed in terms of some market imdices or factors (leading to the
diagonalization of the covariance matrix.) The basic model has also bean
extended to include transaction cests. Indeed, most applications of
portfolio optimization invelve the revizion of anm existing portfolio as
expectations change and dividends have to be reinvested. These revisions
entaill both sales and purchase costs (brokerage commissions, taxes, ete.},
which should be sccounted for. An alternative approach is to sest an upper
limit to portfolio turnover.® Finally, another approach worth mentioning
involves the maximization of the expected return subject to a chance
constraint requiring that the actual return be greater than some lower bound
with a stipulated probability.®

Portfolio Models for Gas Supply Contracts Selection

Consider an LDC that may purchase gas from N different suppliers
(i=1-t), the first N-1 of which provide gas under firm contracts, and the
last ona, N, represents the spot market. Each contract is characterizaed by
a specific price scructure and flexibility (e.g., minimum take). WVariation
in contract duration, however, cannot be considered. That is. the financial
portfolico model canmot be adopted to a study of contract length. The model
discussed in the next section is suitsble for such matters. For the finan-
cial portfolio model of this section, it is assumed that sll contracts have
the same duration, covering a period of T years, and that the selascted
portfolio cannot be modified during this period. It is also assumed that
the total annual gas demand does not change during the pericd. On the other

" ¥. F. Sharpe, "A Simplified Model for Portfolio Analysis.” Management
Scilence, 9 (1963): 277-293, 1963,

5 A F., Parald, "Large-Scale Portfolio Optimizacion,™ Management Sclence,
30 (1984%: 1143-1160.

5 H. H. Agnew, R. A. Agnew, J. Hasmussen, and K. BE. Smith, "An Application
of Chance Constrained Programming to Portfolle Selection in a Casualty

Insurance Flrm,” Hapagement Sciepce, 15 (1969): B512-B320.
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hand, the commodity cost of gas under contraet 1 during wyear © may wvary,
depending upon the price of oil and othar factors at that and other times.
Agsuma that all the relevant possibilities for future developments can be

anumerated, and let Ei# ba the vector of gas commodity prices for contract i
under scenario si

Eil - Eclll" e ..Eist......ﬂi'r}l (7-4)
where Ciar is the estimated commodity price of gas under comtract f at
period t if scenarioc s turns out to be the actual "state of the world."
The evolution of price G_h: depends upon the price escalation and
renegotiation elauses included in the contract (e.g., gas prices may be
pegged to oil prices or other ecomomic indicators). Assuming unit sales,

the present value of the cotal commodity cost under contract L and scenario

s is:

T
T - B 1 G (7-5)
is ist
=1 :hﬂt

where © ls the discount rate.

A probabllicy p  can be assigned to each scenmario & and the cost Tyq is
then a random wvariable, with mean py and variance ﬂ'i estimated as follows:

a8
Py = ,El Pe Ty (7-8)
B 32 (7-7)
oy = E p - i)™ -
i il E i= i

Define Ei as the random variable that takes on values of 'I’Iﬂ according
to the probability distributison p.- As such, it 1s the commedity cost of
contract i--a random varisble with & mean and varisnce given by equations

(7-6) and (7-7). Thes costs Ci and Ej of two different contracts 1 and ] are
not Independent, and, in some cases, strong covariations may be present due
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to similar contract clauses regarding price escalations. Let Eij be the
covariance betcwesn Ci and ﬂj. We have:
5
#ij = E P! {Til =~ Hl.'} {Tj! - Pi} v ":.?_!}
g=1

The decision variable x, is the share of the total demand (assumed equal to
one) to be supplied by contract i. The expected wvalue, E{C), and wvariance,
V{C). of the total supply cost are chen:

"

E{C) = E p, % (7-9)
{1 171
B 3 2 b | H

ViE) - I oy X+ 23 E o, x; X - {7-10%
f=1 ful fe=lel i

An LDC may want to minimize economic rlsk as measured by V({C) subject to
not exceeding & maximum value, &, for ics expected supply coat, and thus to
solve the folloving problem:

Min WV(C) {7-11)
5.t E(0) 5C ({7-12)
N
I x, =1 : (7-13)
i=1

Alternatively, the LDC may want to minimize the expected supply cost

subject to not exceeding a maximum risk, ¥V, in terms of cost variations,
with:

Min E(C) (7-14)
g.t. WV(C) =V (7-15)
H
E x, = 1 . [(7-18})
i=1
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The numerical applications desceribed In the next subsection are based on
che above eguivalent formulations of cthe mean-variance frontier. Before
describing these examples, note that the above models can be easily expanded
to account for peak demanda and demand sontracts, minimum takes, and their
related costs. Let P be the peak daily demand of core customers, and let I
i be the
be the minimam take expressed as a

be the set of contracts that provide for a contract demand, Lat ¥
contract demand for contract i, and =
percentage of the maximum take. The following constraints can then be added

to the sbove models:

E Yi z fP (guaranteed peak dealiverability) (7-1T7})
lel
363 e Y, S % = 365 (the actual annual take under contract
i is bounded by maximum and minioum (7-18)
takesa, 1I.})

where f is a fraction selected by the analyst so as to guarantes 100 percent
reliability for that part of core customer peak demand.

Contract demand charges G? are associated with the contract demands,
¥;. These charges are random variables, in the same way as the commodity
charges ﬂi' The decision wariable wvector then includes both variables

11{1*H} and fi{ltlﬂ4 and the total cost T is:

N
T= E r:i X, + = E]E ‘Ii (7=13)
i=1 iel

Once thl nxpnc::d values, EEEDJ. and the covariances, GE?{E Gn} and
Eﬂv[ﬂ Ej}. are estimated, tha mean-variance models (7- 11} - {? =13) and (7-
14) - {?-15} can be extended in a straightforward manner to include demand
charges,

In summary, the above methodology accounts for both short-term and
long-term gas procurement costs, the economic risks invelved in potential
gas price swings, and the need to assure 8 reliable supply to core
customers. Contracts with different levels of flexibility (e.g.. minimum
take percentages) can be considered in this framework. A major drawback of
the approach is its imability to scecount for varving comtract lengths., &
multiperiod modeling methodology integrating this factor is presented in the
next section. These portfolio models are likely to provide a first
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approximation of appropriate strategiss that might ba further refinsd using
other models. The following subsection describes an application of the
portfolis model approach.

Applicacion

Consider an LD that can purchase gas from three sources: two sources
providing gas under firm contract (i=1,2), and & spot supplier (i=3). Omnly
commodity costs are considered in this application. Thelr means, standard
deviations, and variances are presented in cable 7-1.

In table 7-1, the spot suppller's mean price ls significantly lower
than the other two prices, but its high varlance (llustrates the well-known
volatilicy of spor prices. The two firm contracts are characterized by a
trade-off between mean price and dispersion (i.e., comtract 1 has a higher
mean price but a smaller price variance than contract 2). To complete the
formulation of the model, the price covarlances must be estimated., Let pij

be the correlation coefflelent becween EI and Ej, Then the covariance "ij
is:

Fij - ﬂij ay Pj ; {(7-20)

We assume cthat Pyp = 0.8, P13 = 0.6, and Pay = 0.7. It follows that
919 = 0.3, 019 = 0.45, and Fq = 0.7875. Denote the maximum expected supply
cost as §, and constrain each supplier’'s share not to exceed 75 percent, so
as to avold excessive rellance on any one supplier. The portfolio model
that minimizes cost varlance subject to not exceeding a maximum expected
cost 1z then written as follows:

2 2 Z
Min V = 0,25 Xy + 0.5625 Xy + 2.25 Xy + 0.6 Xy %q + 0.9 %y %q
+ L8575 x.n (7-21)
2 3
8.k,
3.5 ;1+312+2135ﬁ (7-22)
X * Xy b Xy = 1 (7-23)
% = 0.75 (7-24)
Xy = 0.73 (7=-25)
Xy = 0.73 (7-26)
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TABLE 7-1
CONTRACT COST CHARACTERISTICS

Suppliar Mean Standard Variance
My Deviation
2
(5/Mef) oy o
1 3.50 .50 0. 2500
2 3.00 0.75 0.5625
3 2,00 1.50 2.2500

Source: Authors' calculations.

wherse Hyo Eay and X, are the unlknown sharea of the three contracte. The

gbove model has been solved using the quadratic programming option eof the
computer package LINDOT available on an IEM 4341 computer. A parametric

sengitivity analysis has been performed over the maximum expected cost 0
The results are presented in table 7-2.

The results In table 7-2 clearly show the progressive shift of the
portfolioc from reliance on the firm comtract 1 to reliance on spot gas whem
the maximum expected cost decreases from $3.375 per Mef to 52.230 per Mef,
with a concomitant increase in the wvariance V. The optimal solution at £ -
3.375 remains the same for € > 3,375, and the same is true for the solution
at & = 2,250 and for € < 2.250. The trade-off between expected cost and
variance is 1llustrated in figure 7-1.

The curve AB In figure 7-1 represents the set of efficient trade-offs
between the mean and variance of the contract portfolio cost. HFo point
below the curve 1s attainable, and all the points above it represent
inferior selutions. The final portfolio choice along the curve AB will
obviously depend upon the relative weights placed by the LDC's supply
plammers on expected costs and cost variamce,

An alternative approach is to compute a measure of riskiness for esach
point aleng the frontier. Suppose we are interested in the level of cost of

" Linus Schrage, Lipear, Integer. and Quadratic Programsing with LINDO -
User's Manual (Palo Alto, CA: The Scientific Press, 1984).
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TABLE 7-2

SOLUTIONS OF THE CONTHACT FORTFOLIO QUADRATIC FROGRAM

Max i muim
Expected Standard
GCost C Contract Shares Variance Dewviation
[5/MeE) - = v i

1 2 |
31.375 0.750 0.250 0,000 0.2883 0.53649
3.250 0, B4l 0.290 0.0670 0. 3544 0.5864
3,000 3,335 0,496 0.168 0.5121 0.7156
2.750 0,031 0,703 0.266 0.7519 0.8671
2.500 0, Qo0 0. 500 0. 500 1.0969 1.0473
2.250 0. 000 0.250 0.750 1.5961 1.2634

Source: Authors' calculations.

each portfolie in the upper 5 percent of its probabillity distribution, a
worat-case type of analysis. Call this o percentile point of the
probabilicy disztribution U{a), where o = .05 if a 5 percent risk level is
acceptable, If total cost is normally distributed, then

Ula) = € + gaw}l-'"z. {7-27)

For ¢ = .03, L= 1.64, and U{a) has a minimum of 54.172 pear Mcf at for
C = 2.75. Accordingly, the portfolio in table 7-2 associated with & =~ 2.75

has the smallest risk, im the sense that it has the smallest extrems values
af east.

4 Two-Stage Linear Programming under Uncertainty Approach
The so-called two-stage linear program under uncertainty applies to
problems where the declsion-maker must select "here-and-now" walues for one

get of decision varlables, then observes the actual walues of some random
variables (the random event), and finally selects the values of the
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Fig. 7-1 Mean-variance efficient frontisr

remaining decision warisbles in such a way that cptimal corrective action is
taken. The approach has also been labeled stochastic programming with
recourse. The standard mathematical form of the problem is:®

min Z(x) = ex + E{min gy|x} (7-28)

x £ ¥

s.t. Ax="h (7-29)
Tx + My = £ (7-30)
%20 (7-31)
yao . (7-32)

® R. J. B. Wets, "Programming under Uncercainty: The Equivalenc Comvex
Program,”™ J. SIAM Appl. Math. 14 (1966): 89-105.
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The vector % represents first-stage wvariables while v 1z a vecror of second-
stage ones. The vector c represents costs associated with the first stage,
and g is the second stage cost vector, Once x = % is selected, a vector of
random events £ = ? is observed, and then y is selected to minimize gy while
respecting the constraint Hy = E =« TH. Clearly, the second-stage decisions
y are taken when no uncertainties are left in the problem, A feasible
solution to {(7-28) - (7-31} 1z a weeter x that satisfies the first-stage
constraints (7-29), as well as the second-stage constraints (7-30) for any
values assumed by the random wvarfiables £.

To simplify the above problem, consider the case of finite
distributions for the random variables E, and £_. The index s ranges from 1
to 5 and corresponds to a specific state of the world or scenariec s, which
ocours with probabilicy Pq (with v, = 1). Let ¥g be the values of the
second-scage variasblea 1if event s takes place. The model is then:

min L= ox 4 5%1 Py By ¥ {7-33)
s.t. Ax = h (7-34)
Tz + My, = &4 (7-35)
Tx + My, = £, (7-36)
Tx + My, = £, : (7-37)

The optimal values for the vectors ¥, Fepresent optimal decision rules
or gtrategies that imdicate the best choice of the second-stage varilables
for each possible outcomes of the upncertain event. The fact that one must
determine rules for future actions is what distinguishes this approach from
ordinary dynamic optimization where all future actions are determined
initially and are not open to modifications.

Tha typical objective functien for a problem of this sort is an
expected value (cost, benefic, and so on), but it ecould concelvably he
extended to Include the varlance of gy. Such an extenslon, however, would
destroy the linear structure of the model. Most applications of this model
involve only two stages, although multistage problems can also be formulated
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under this approach.? The number of possible sets of walues for the random
elements is likely to be very large, however, and the resultant linear
programming problem would be difficult to solve.

& Two-5tage Linear Model for Gas Contract Strategies

Consider a gas LDC that may contract for its supply with three
suppliers (or supplier groups): (1) & supplier providing gas under firm
contract that covera the initisl and next periods considered; (2} a supplier
providing gas under firm contract covering one peried; and (3) a spot
supplier. Contracting with supplier 1 fmplies that a contract demand ?1 is
selected that applies to both pericds, with corresponding minimum and
maximum take constraints. This is the basiec decision that must be taken now
and will constrain future decisions.

¥e assume that the contracts’' cost structures and gas demand levels are
known with certainty for the first pericd. The following are defined for
the first period:

Parameters
!}l = total annual gas demand
b, = tetal annual gas demand of core customars

Lie

Pln = peak daily gas demand of core customers
{Pln = chfjﬁﬂ Llcl

daily load factor of core customers

€;q = Bas commodity cost under contract i (= 1-3)
Ciy = gas demand cost under contract i (= 1-2)
{1 = minimum percentage cake under contract 1 (= 1+2}

(we assume chat this parameter is constant for contract 1
in both periods, and we denote it ty).

® H. M. Wagner, Principles of Operations Research, 2nd edition (London:
Prentice/Hall International, 1975), Chapter 16.
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Varfables
Yl = peak deliverability under contract 1 {(applies to both periods)
!21 = peak deliverabilicy under contract 2
T actual anmual take under contract 1.

The total supply cost during period 1 is:

3
]
s B G Ry 12 c]i'l ¥, 410 Y (7-38)

i=1

T

The demand balancing and supply coenstraints for perled 1 are then:

3

z X1 Dl (anmual gas demand) {7-39)
i=1
Yl 4 ?21 = Py (peak daliversbility to core customers) {7-40%

A635 l:.l '1’1 = 111 = 165 t'.l. {minimum and maximum takes
conetrainte for ecemtract 1) (7-41%

365 Eqq Yoy & X, = 365 Y (minimum and maximum takes
21 i1 <1 L constraints for contract 2} (7-42)

Ve next consider 5 (s=1-3) poszsible zcenarics or "statez of the world”
for the second period (stage), each characterized by a probability Fs' Each
scenario s is characterized by specific values of the demand {DE’ ) and

P
' Tlcs
cost {GLIS' E?Eu' tlElJ parameters. The second-stage decision wvariables are

then;

Tﬁza = peak deliverablllicy under contract 2 Lf scenarlo g iz the actual

outcoms, and

Xjog ™ actual annual take under contract i1 if scenario s is the actual
outcomea .

The expected cost for the second-stage decisions is:
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5 3
D D
B(T,) = ‘flps 11..:.‘1 Cigg Bygp + 12 Cyp, ¥y + 12 Cop_ ¥pp ] (7-43)

and the second-stage constraints are:

3
ifl Xigg = TEE {g=1+5) (annual gas demand) (7-544)
Yl + YEEB = Pics {5=1+5) (peak deliverabilitcy) (7-43)

165 t1¥1 = %1g = 55 Tl [a=]=5) (maximum and minimum takes
- far eontract 1) (7-46)

385 € Y =% = 165 ¥ {g=]l=8) (maximem and minimum
215 21s Zls 21s takes for contract 2} ({7-47)

The overall model involves finding the values of the decision variables

[111, “IEH' Tl' YEl‘ ?Eial that minimize the total sxpected cost

E(T) = T1 + E{TI}. (7-48)
subject to constraints (7-39) - (7-42) and (7-44) - (7-47), The following

section describes an application of this model,
Applicarion

Assume that the total annual demand and pesk demand of core customers
do mot change from the first te the second stage, whatever the scenarie.
This simplification enables us toe focus on the role of the cost parameters
in the determination and strueture of the declsion rules. We normalize the
apnual demand (that is, we ser it equal te 1) and assume that cors customars
make up 80 percent of the total anmual demand and have a load factor of 50
percent. The peak daily demand {?c} of the core customers is then squal to
0.00438, The values of the cost parameters are presented in table 7-3 in
the hypothetical case of three scenarics for the second stage.

Scenario 1 may be viewed as a continuation of the current gas surplus
situscion, with a decline in the spot market price, Scenarics 2 and 3
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represent tightening supply conditions, and therefore Increaging commodity
and demand charges. Scenario 3 represents the clghtest market, where spot
gas iz available only at prices above firm contract prices. Long-term
contract 1 is assumed to include price escalatlon clauses, hence lts varylng
commodity and demand charges. The minimum takes are equal to 60 percent
(relatively inflexible) for contract 1 and 30 percent (very flexible) for
contract 2, inm both pericds. Two sets of scenaric probabilitles have been

analyzed:
Caze A Py ~ 0.4 Py = 0.4 Py = 0.2
Case B: p; = 0.2 p, =03 py=0.3

The future suggested by Case A represents & continuation of present trends
or mild tightening of the supply situation. Case B, on the other hand,
sugpests an overall strong tightening of supply conditiona.

The model, whieh has 17 wvariables and 24 constralnts, has been =olved
for both Cases A and B, and the results are presented in table 7-4. The
total expected cost E(T) (see equation 7-48) is equal to 56.916 in Case A
and to 57.469 in Case B.

For the probabilities given in Case A, both firm contracts are used in
gimilar magnicudes te guarantee peak deliverabllicy. The annual purchase
shares are the same both Iin the first stage and under scenarios 1L and 2 in
the second stage (44 percent for contract 1, 26 percent for contract 2, and
30 percent for comtract 3). I1f scemario 3 materializes, howewer, spot
purchases are completely eliminated and replaced by additionmal purchases
under contract 1. In Case B, complete reliance is placed on contract 1,
which is not surprising in view of the strong likelihood of significant
price ineresses for contracte 2 and 3. Contract 2 ia mever chosen; instesad,
peak deliverability to core customers is wholly guaranteed by contract 1.
About & percent of the total annual gas demand is purchased from the spot
supplier [contract 3) In the first stage and under scenarios 1 and 2 In the
second stage. In all these three situations, 1t is clear (see table 7-3)
that spot supplies are cheaper than suppllies under contract 1, but the
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TABLE 7-3

COST PARAMETERS FOR THE TWO-STAGE CGAS CONTRACT LFP HODEL

Euppller Fir:n-sttgn Secaond-5
Contract Values Scenaric 1 Scenarie 2 Seenario 3

Commodity Cost (5/MCE)

1 3.0 1.0 3.5 4.5

2 3.0 3.5 4.5 L

3 2.0 1.5 3.0 6.5
Demand Cost (5/Maxisum dally Hef)

1 5.0 5.0 6.5 8.0
2 3.0 B.O 8.5 11.0Q
Minimum Take (%)

1 &0 60 &0 &0
2 30 an 30 30

Sourece: Authorz' Caleulatcions.

minimum take constraint of this contract is binding at the take level of
0.959, and it is therefore impossible te decrease takes under contract 1 in
order to increase those from the spot supplier. Under scenarioc 3, howavar,
this situation no longer holds becauss the spot price (56.5 per Mcf) is
higher than the contract 1 price (54.5 per Mcf), and thus contract 1
provides for the whole gas demand.

The sbove examples clearly illustrate the potential of the approach,
provided that the contracting problem can be structured as a sultistage
decision-making and information flow problem. Linear programs invelving
several thousands of variables and constraints can be solved routinely with
powerful algorithms and computer codes avallable on most malnframe
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TABLE T-4

OPTTMAL SOLUTIORS OF Thi TWO-STAGE LP MODEL

Arrual Purchases ﬂ%_- 4]

1 D66 04646 04646 0763 095 0959 0.959 1.1000

2 0.257 0,257 0,257 0257 0.000 0.000 0.000 0.000

3 0.297 0.297 0.297 0.000 0.041 0.0581 0,051 0,000
Duu!tlﬂuﬂ:tﬂ:{Pt-ﬂ.ﬂﬁﬂﬂi

1 0.00204 0.00204 0.00204 0.00204 0.00438 0.00638 O.00438 O, 00438

2 0.0003% 0.0023% 0.0023% 0.0023% 0.00000 0.00000 0,00000 O,00000

Soures;  Aurhors” caloulations

computers. Extending the model presented in this section to include many
more contracting options over more than two pericds should not presentc
special technical difficulties. It is more difficult to delineata all
feasible pultistage scenarios and forecast their characteristics {(gas
demands, prices, ete.).

Summary

Two quantitative methodologies, one based onm fimancial portfolio
analysis and the other on multistage linear programming, have been proposed
as ways to analyze and solve the complex supply planning problems currently
faced by gas LDCs. Thesea methodologies aceount for the uncertainty that
characterizes both future gas demands and future gas costs, and for the
trade-offa that exist batween short-term and long-term supply costs, supply
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reliabilicy for core customers, and price stability. They do mot aim to
replace the judgment of the decision-maker, but rather to inform it. Viewed
in this way they should be helpful te both LDC gas supply planners and to
the staffs of the state regulatory commissions, who audit LDC purchasing
practices to make sure they achieve the varlous goals and constralnts
described above. The methods discussed In this chapter account for furture
priece risk, a phenomenon that greatly complicates the planning of an optimal
supply portfolio, This chapter has dealt with some aspects of thea regulatad
firm in a rather simsplified way. Examples are the regulated cost allocation
process and the time profile of demand by customer groups. The NERT model
CGASMTY, described in appendix D, contains a more detailed representation of
the cost allocation process and the time profiles of demanmd, but does mot
deal explicitcly with the risk of future price changea. Interested
commission staff members may wish to use a combination of the three methods

to study the gas purchasing strategies of jurisdictional distributeors.
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CHAPTER 8
COMCLUSTONS

The material covered in this report is wide ranging and directed at a
variety of problems that are llkely to emerge in the new enviromment
surtounding state regulation of natural gaz distribution. GSome portions of
the report are intended for policy analysts, while others are examples of
quantitative and technical approaches that can help commission staff members
more fully assess and deal with the emerging lmportance of a distributor's
gas :uppiy contracts, The report has covered recent developments in the
federal transportation program for gas; the fundamental nature of a typical
gas supply contract; the practices and procedures used by state commissions
in oversesaing such contracts; the emerging relationship batween contract
price and spot price and the influence of contractual terms on the contract
price; the notiom of am efficient contract in comparison to others; and the
need to select an optimal portfolio of contracts.

At the federal lewvel, Order 500 requires producers to offer take-or-pay
credits co pipelines for gas a producer wishes to transport. Because of the
complicaced array of contracts, some regulated by the FERC, some not, the
Order is necessarily imperfect. The Order relieves Che cake-or-pay pressure
that otherwise tends to prevent a pipeline from accepting Order 436 status
and thereby becoming & wvoluntary, nondiscriminatery transporter of gas.
Because commission approval and rules are needed for transportation te cceour
in the first place, the Order does not constitute crass governmental
abrogation of contracts. There is a risk that the combined actions of
sevaral LDCs in conwverting their contract demand to firm transportation may
convwert much, possibly all, of a particular producer’s high-priced, take-or-
pay gas inte lower-priced gas. For this reason, the FERC might consider
Imposing & limit te the crediting rule.

The HERI survey of state commission practices and procedures shows that
mosSt commissions review a discributer’s gas supply contracrs as part of
their purchased gas adjustment process. Almost all states reserve the right
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to subject a distributer’s purchasing practices to a prudence review,
although few have actually conducted such an imvestigation. Hany states
have a requirement, sometimes mandated by statute, that a distributor must
purchase a least-cost portfolio of supplies, although the meaning of "least-
cost® is necessarily imprecise. Other than a prudence review or a least-
cost requirement, most states do not have any mechanisms to create an
incentive for a distributor to purchase pgas efficiently. An example of such
a mechanism, used by a few scates, would be a formula that would allow a
distributor to keep a portion of the savings achleved by a reduction in its
supply costs,

The HRRI sample of distributer-producer contracts sugpesats that in a
slack gas marker, as eurrently ewxists, contract prices for gas are likely to
be about 20 cents per Hof or about 9 percent higher than spot prices. That
differencial tends to be smaller at higher levels of contract and spot
prices. These chservations are consistent with the behavior of contract and
spot prices in other markers, Contractual terms appear to Influence a
contract’'s inicial price.

The MERI classifies the most important contractual clauses as affecting
either the difficulty of adjusting future prices or of adjusting future
quantities, The indices of price and quantity adjustment difficulcty have an
effect on the initial price in a contract because they represent types of
rigks borne by the buyer and seller as future clircumstances change. These
contractual risks vary for two reasons. A distributor may wish te have a
range of contracts with adjustment terms from easy to difficult te
correspond to the profile of risks associated with its demand conditions.

In addicion, rizk conditlons can differ between distributors, and for that
reason & distributer may adopt more rigld contract terms to compensate
partially for local-specific risk. These two reasons give conflicting
expectations about how quantity rigidity in a contract (for example) will
affect the initial contract price. The first reason suggests more rigid
quantity terms should be associated with a lower contract price, while the
second suggests rigid gquantity specifications in a contract can partially
offset local, high-tisk conditions that result in higher prices.
Consequently, ldentifying and estimating these separate effects require a
particularly rich data set. The sample collected by the BRERI consists of
only 2B long-term contracts and, not surprisingly, is only partially
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successful in unraveling the relation between contract price and contract
terms. Because of the geographical wvariation within the sample the
adjustment indices are mostly a proxy for supply securlty and therefore are
estimated to increase the contract price. A richer data set is needed to
dizentangle the relationships further,

Data Envelopment Analyasis is a promising technique for assessing the
relative afficiency of regulated entities or, in this case, gas supply
contracts, By using the DEA procedure & staff member canm find an efficiency
index for each entity (production unit or a contract} im his sample, based
upony the construction of a frontler that literally envelops the sample,
called the best practice fromtleyr, Cesparisons of individual entities with
the best practice frontier form the basis of the efficiency measurement.
This idea can be used to examine a set of contracts and to identify those
that appear to deserve additional scrutimy. In this way, a commisslon staff
member could concentrate discussions with a distributer's gas supply manager
on those contracts that are unusual in price or contractual terms.

Besldes assessing the merits of individual contracts, commissions musc
be concerned also with the overall gas purchasing strategy of an LOC and the
resulting portfolie of gas supplies. There are a number of quantitative
techniques that commission staff members might use to assess a distributer's
plan. Two promising techniques are the mean-variance analysis associated
with financial porctfeliec theory and a two-stage linear programming
formulation of the supply mix problem. Both techniques are amenable to
computer solution using mathematical programming software packages that are
commonly available,

Either of these types of modals could form the basis of a screening
process by which obviously inferior supply sources are identified and
eliminated. Following the screening process, a more detailed analysis of
the portfolio selection problem could be conducted using an KREI computer
model, GASMIX, described inm appendix D, The GASMIX model iz numerically
intensive and somevhat expensive te run, For this reason it is not suitablas
for analyzing more than 10 or so supply sources.

Bacause of the complex and changing nature of the natural gas industry,
it is mot possible to anticipate now the variety of problems likely to
confront state regulators in reviewlng and overseeing a distributor's gas
purchasing plan. This report has dealt with several important issues,
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ineluding the implications of the FERC Order 500, the relatiom between long-
term contract prices and spot prices and also between contract price and
other contractual terms, the efficiency of Individual contracts, and the
nature of an optimal portfolio of gas supply sources. Additional {ssues
will emerge &8s this industry sdjuscs te itz new configuracion of competitive

wellhead markets and regulated transportatleon services,
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APPENDIX A

QUESTIONS AND RESPONSES FROM
NERI SURVEY OF COMMISSION PROCEDURES

In order to develop current information on state utiliey commission
ovarsight of direct gas purchases, the NRRI surveyved 317 srate commisslions
during the summer of 1987. In the remaining 13 states, direct gas purchases
are either currently infeasible, unregulated, or otherwlise not an issue,

The results of the survey are discussed in chapter 4, This appendix

coptains the survey instrument and the responses of the 30 Commissions thac
replied.

The responses are presented in this appendix separately for sach
gquastion of the survey., The answers are arranged alphabetically by stata

for each question. Apart from some minor editing, each response reported
here is guoted directly from the survey form.
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THE NATIONAL REGULATORY RESEARCH INSTITUTE

Survey om
Commission Oversight of Direct Gas Purchases

June 1987

At the request of the HRRI Board, the MERI is gathering Informacion
about current and planned state commission procedures for oversight of
direet gas purchases by local distribution companies (IDCs) from producers.
Since the oversight of direet gas purchases 1s a relacively new activicty,
commissions may be interested in learning about what other commissions ara
doing. In addition to & deseription of current or planned methods, we would
also like to know what kinds of informatiom that your Commission does not
already receive but would find useful., Please include any Commission
orders, notices, rules or opinions that are relevant to the topic. These
might include a description of the Commission's method for adjusting rates

for changes in gas acquisitlion costs or any Commission least cost purchasing
rule,

The survey may be answered in one of two ways, at your option. Answers
can be writtem om the survey form itself and returned to us, or we can
telephone you and rely on our notes of the conversation. In amy case, we
will call in about two weeks to see which is convenient for you. If written
comments are provided, please return this survey by July 13, 1987 to:

J. Btephen Henderson

Senior Institute Economisc, WRRI
1080 Carmack Road

Columbus, OH &3210-1002

Fhome (61l&4) 292-9404

Hame of person £illing out this form:

Phone ;

Titlei
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QUESTION

1. What is the general nature of the process used by your Commission to
review direct gas purchase contraccs between a local distribution
company under your jurisdiction and a gas producer? Select as many of

the following as needed, by writing yes or mo to the laeft of tha
statament,

a, Such contracts are not reviewed by the Commission. If not, by
any other agency? Hame of Agency:

b. Such contracts are reviewed as & part of & purchased gas
adjustment proceeding. Fregquency (e.g. quarterly):

¢, Such contracts are reviewed as a part of a gemeral rate case.
Fragquency:

d, Such contracts are reviewed perloedically by commlssion staff
members., Frequepcy: :

2. Such contracts are reviewed pericdically by cutside auditors.
Frequency ! :

f. Such contracts ate approved in advance by the Commission. If so,
describe the approval process briefly,

E. Are your procedures different 1f the producer iz affiliated with
the distributor, and if so, how?

ANSWERS

Califorpia: Contracts are reviewed as part of a purchasad gas adjustment
proceeding. This review is dome semianmually although the
Commlssion is going to change to an annual review. Contracts are
reviewed occasionally by Commission staff members, as warranted.
Contracts are not reviewed by outside auditors.

Conmecticut: Contracts are reviewed monthly as part of a purchased gas
adjustment proceeding. Contracts are reviewed as part of a gemeral

rate case every two years. Contracts are reviewed by Commission staff
when entered i{nts,

Pelaware: Contracts are reviewed as part of a purchased gas adjustment
proceeding if the contracts change or the issue arises from other
reagsons., Contracts are reviewed as a part of a general rate case if the
contracts change or are about to change in the near future, Contracts
are not reviewed pericdically by Commission staff or outside auditors,
and are not approved {n advance by the Commission. Procedures do differ
if the producer is affiliated with thes distributer. This has scecurred

in one instance. Tha LDC iz pricing the gas at the midpoint between the
TEARSCO CD commodity rate and the sost recent spot gas purchase rate.
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Indiana: Contracts are not reviewed by the Commission or by any other
agency.

Iowg: Contracts are reviewed as part of a purchased gas adjustment
proceeding. Informatiom from the contracts is used in the

calculatiens of the PGAs whieh are filed with the Board whenever a
change of 0.5 cents per Ccf or therm occurs, but are not required more
frequently than every thirty days. The contracts themselves will bae
required concurrently with the anmusl PCA filing and with the annual
review of gas procurement [ARG) fillinge., Contracts have not yet been
reviewed as part of a general rate case. The Board Intends to review
contracts in the context of annual PGA and ARG filings, but that would
not preclude review during a subsequent general rate case. Contracts
are not reviewed periodically by Commission staff. The contracts have
not vet been received, for the most part. Contracts are not reviewed by
outaide auditors and are not approved in advance by the Board. Board
procedures do not differ if the producer is affiliated with the
distributer, The Board is not aware that any of its jurisdiectional
distributors are affiliated with any of their suppllers.

Eansgs: Contracts are reviewed as part of a purchased gas adjustment
proceeding. Contracts are also reviewed as part of a general rate case
as needed, and they are reviewed by Commisslion staff on intake.
Contracts are not reviewed by ocutside auditors and are not approved in
advance by the Commission., Commission procedures do not differ 1f the
producer is affiliated with the distributer.

Eentucky: Contracts are reviewed gquarrerly in purchased gas adjuscmentc
proceedings. Information s provided on request., Contracts are

teviewed, Iif necessary, as part of general rate cases as cases are
filed. Contracts are reviewed periodically by Commission staff as
contracts come in, It is a newly Instituted (198&) practice of the
Commission to require that contracts be filed by the LDCs with the
Commission. Contracts are not reviewed periodically by outside auditors
and are not approved in advance by the Commission. Procedures do differ
if the producer is affiliated with the distributer. In thosze cases,
contraccs are more carefully scrutinized, usually in a PGA cass. Data
requests are often used to monitor activities as closely as possible.

Louisiapa: Contracts are not reviewed by the Commission.

Michigan: Contracts are reviewed annually as part of a gas cost recovery
proceeding which has replaced the purchased gas adjustment. Contracts
are reviewed anmually by Commission staff. Contracts are not reviewed
as part of a general rate case. They are not reviewed by outside
auditors and are not approved in advance by the Commission. Commission
procedures do not differ if the producer is affiliated with the
distributor.
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Hipnesota: Contracts are reviewsed by the Departsent of Public Service amd
may be reviewed by the Commission. Contracts are reviewed annually as
part of a purchased gas adjustment proceeding. While the Commission has
not vet decided a8 case in which a utility made direct gas purchases,
contracts will be reviewed as part of & rate case vhenever a rate case
invelving direcr purchases iz filed, Contracts are mot reviewed
periodically by Commission staff or outside auditors and are not
approved in advance by the Commission.

Mississippl: Contracts are reviewed as part of a purchased gas adjustment
proceeding. ~Contracts are also reviewed as part of & general rate case
and anmually by Commission staff members. Contracts are not reviewed by
cutside auditors and are not approved in advance by the Commission.

Commission procedures do not differ if the producer ls affiliared with
the distributor.

Bevada: Contracts are reviewed anmually in purchased gas adjustment
procesdings. Contracts and invoices are reviewed to verify the prices
used. This is done annually but a PGA can be filled at any time.
Contracts are not reviewed in general rate cases, General rate cases
usually do not consider the purchased gas cost. Contracts are not
reviewed pericdically by Commission staff and are not approved in
advance by the Commizzion. Procedures do not differ if the producer i=
affiliated with the distributor.

Hew Jersev: GContracts are roviewed ammually in purchased gas adjustment
preceedings. Contracts are also reviewed every three years in general
rate cases, Contracts are reviewed by Commission staff (BPU auditors)

in three year Intervals., Contracts are also reviewed anmually by
outside auditors. Contracts are not approved in advance by the Board

and Board procedures do not differ {f cthe producer is affiliated with
the diseriburar,

Hew Mexico: Contracts are reviewed blanmially as part of a purchased gas
adjustment proceeding. Contracts are not reviewed as part of a general
rate case, are not reviewed by outside awditors;, and are mot approved-in
advance by the Commission. Procedures do differ if the producer is
affiliated with the distributor, WNotification of an affiliated
trapsactlion must be provided along with a copy of the contract,

How York: Contracts are roviewed as part of a purchased gpas adjustment
proceading. Gas adjustments are filed monthly and monitored by staff,
including contracts and purchases. There are no prescribed proceedings.
Contracts are reviewed as a part of a general rate case. All rate
filings require the submission of evidence on gas purchase practices,
and review by staff. All contracts for purchase of gas are required to
be filed with the Commission. Approval is mot required but all
contracts are subject to staff review and reporting to the Commission If
questioned, Contracts are not reviewed pericdically by outside auditors
and are not approved In advance by the Commlizslon, Procedures do not
differ {f che producer is affiliated with the distributer.
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Horth Carelipa: Contracts are reviewed semianmually as part of a purchased
gas adjustment proceeding. Contracts are not reviewed as part of a
general rate case. Contracts are reviewed perfodically by Commission
staff but not by outside suditors. Under some special circumstances it
may be desirable to have the Commission approve the contract in advance.
(A filing must be made.) Procedures do not differ If the producer is
affiliated with the distributor.

Ohils: Contracts are reviewed as part of a purchased gas adjustment
proceeding. This is done annually for companies with over 5,000
customers and biennially for smaller companies. Contracts are not
reviewed as part of a general rate case, Contracts are reviewed
periodically by Commission staff members, who may give preliminary
reviews of contracts at the reguest of the compamies. OContracts are
reviewed by outside auditors as part of the purchased gas adjustment
proceeding. Contracts are not approved in advance by the Commission and

procedures do not differ if the producer is affiliated with the
distributar,

Dklashoma: Contracts are reviewed as part of a purchased gas adjustment
proceeding and as part of general rate cases. Contracts are reviewed by
Commiszion staff every zix montha. Contracts are not raviewed by
outside suditors and are not approved in advance by the Commission.
Frocedures do differ if the producer iz affillated with the distribuceor.
The Commission procedure is to determine if the tramsaction was an "arm-
length* agreement. In performing this task the following issues must be
consldered, weighed, and evaluated,

A. Is the affiliated purchase price comparable to the "Falr Field
PFrice" paid to othar producers?

B. Ia the contrastc purchase requirement comparsble te other preducers
in the gas field?

Oregon; Contracts are reviewed annually in general rate cases.

Penpsylvania: Contracts are reviewed annuslly in purchased gas adjustment
proceedings. Contracts are also reviewed ss part of general rate cases
whenever general rate increases are filed. Contracts are reviewed by
Commission staff in the course of PGA and rate case proceedings.
Contracts are not reviewed by outside auditors and are not approved in
advance by the Commission. FProcedures do differ if the producer is
affiliated with the distributor. Gas purchased from affiliated
interests is subject to more intense scrutiny.

Ehode Islapd: Contracts are not reviewed by the Commission. Contracts might
possibly be reviewed in semiannual purchased ges adjustment proceedings
or in general rate cases. Contracts are not reviewed by Commission
staff or outside auditors and are not approved in advance by the

Commission. Procedures do not differ if the producer is affiliated with
the distributor.
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South Carolipa: Contracts are reviewed annually in purchased gas adjustment
proceedings. Contracts are reviewed in geoneral rate cases whenever such
cases are flled, Contracts are reviewed by Commission staff with
variable frequency. Contracte are nmot approved in advance by the
Commlssion and procedures do not differ 1if the producer is affiliated
with the distributor.

South Dakots: Contracts are not reviewed by the Commissiom.
Tennesses: Contracts are reviewed Iin general rate cases every 1B-30 months.

Utah: In some cases contracts may be made a part of a case record and are
reviewed by the Public Service Commisslion. Generally the Commission
directs the Divisien af Publie Utilities to review such contracts as
part of a general review In rate cases. The Division is not tha
Commission’s scaff but on occasions provides similar service.

¥Mirpinla: Contracts are reviewed monthly inm purchased gas adjustment
proceedings. The specific provisions of the contracts are not reviewed,
The spot prices paid and the transpertation arrangements for the
contracts are monitored on an ongoing basis. Contracts are not reviewed
as part of general rate cases and are not reviewed periedically by
Commigson staff or outside auditors. Contracts are not approved in
advance by the Commission and procedures do not differ if the producer
is affiliated with the distributor.

¥ashington: Gontracts are not reviewed in purchased gas adjustmant
proceadings or in general rate cases. Contracts ere not reviewed
periodically by Commission staff or outside auditors. The Commission
cannot, by statute, approve a contract. Procedures do differ if the
producer is affiliated with the distributer., Thie Lnwvolves the scatute
regulating affiliated transactions.

West Virginia: Contracts are reviewed in purchased gas adjusctment
proceedings annually if a rate increase is sought, The utilicy must
prove that dependable lower priced suppllies of natural gas are not
readily available from other sources, that contracts between the utilicy
and its suppliers are negotiated at arm's length and that such contracts
are not detrimental to the utility's customers or the utility itself.
Contracts are not reviewed as part of gemeral rate cases. Contracts are
reviewed pericdically by Commission staff usually in the context of the
purchased gas adjustment proceedings but sometimes in complaint
proceadings or affiliated transaction proceedings. Contracts are not
reviewed periodically by outside auditors and are mot, unless for am
affiliated transaccion, approved In advance by the Commizszion, The
approval process for affiliated transactions often entalls a hearing im
which the company must prove that the terms and conditions are
reasonable, neither party is given an undue advantage and the contracts
do not adversely affect the public.
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Wisconsin: Contracts are mot reviewed by the Commission., Contracts are not

reviewed in purchased gas adjustment proceedings or In general rate
cases, Contracts are not reviewed periedically by Commission staff or
by outside auditors. Contracts are noC approved in advance by the
Commizsion.

Wvoming: Contracts are reviewed periodically by Commission staff. See

response to question #3,

Question

What kind of information must a distributer provide the Commission as
part of the review process? Write yves or no to the left of the
statemant.

a, The contract lcself.

- b. Price and/or volume information for each contract.

e, Appregate price and/or volume information for all contracts.

d. Other. Describe briefly.

ANSWERS

California: The contract itself, price and/or volume informatiom for each

contract, and aggregate price and/or volume Informacion for all
contraccs must bhe provided, In addition, any records, internal memos,
and correspondence between parties must be furnished. The Commission
wants toe try to understand what the utility knew at the time,

Coppnecticut: The contract itself, price and/or volume information for each

contracc, and aggregate price andfor volume information for all
contracts must be provided.

Delaware: The contract itself, price and/or volume information for each

contract, and aggregate price and/or volume informatiom for all
contracts must be provided,

Indiana: H/A
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Iowa: The contract itself, price and/or volume information for each
contract, and aggregate price and/or volume information for all
contracts must be provided. Invoices must also be provided,

Esnsss: The contract itself, price and/or volume information for each
eontract, and aggregate priece and/or volume information for all
contracts must be provided. A utillicy suat also provide, under the
provisiona of the policy order, Docket No. 106, 830-U, a description of
other alternatives for obtaining fuel and the reasons for selecting the
alternative smbodied ln the contract, and a justification for each price
escalation invoked under the contract.

Esptuclky: The contract itself must ba provided., Beginning in September
1987, the Commission will implement a formal review process for class A
LDCs, More extensive Informacion will be required at that time.

Louisisns: Price and/or wvolume information for each contract, and sggregate
prlce and/or volume information for all contracts must be provided,

Michigan: The contract itself, or price and/or volume informatien for each
contract and aggregate price and/or volume information for all contracts
must be provided.

: Commission rules do not specify the information reguired to be
filed., In the most recent eutomatic adjustment reports, the ucilities
making direct gas purchases filed the contract provisions but did not
reveal the name of the producer.

Miggiseippi: The contract itself, price and /or volume Information for each
contract, and aggregate price and/or volume information for all
contracts must be provided.

Hevada: The contract itself, price and/or volume information for each
contract, and aggregate price and/or volume information for all
contracts must be provided,

Eew Jersey: The contract itself, price and/or wvolume informatien for sach
contract, and aggregace price and/or volume information for all
contracts must be provided.

How Mexico: The contract iteelf (sometimes), price and/or wolume information
for each contract, and aggregate price and/or volume information for all
contracts must be providad.
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Hew York: The contract itself, and price and/for volume Information for each
contract {(in monthly GAC filings) must be provided.

Borth Cerolips: The contract itself must be prowvidad,

Ohip: The contract itself, price and/or volume information for sach
contract, and aggregate price and/or volume information for all
contracts (used for calculating the GCR rate each quarter) must be
provided. Other kinds of information provided include independent
auditor and/or Commission staff review of the actual contraect
considering volume, price, and any cbligations such as minimum takes,
take or pay, price escalators, the cost of transporting the wvolumes,
reliability, etc.

Oklahoma: The contract itself, and price and/or volume informationm for esach
contract must be provided,

Oregon: Price and/or volume informatiom for each contract must be provided.

Pennsylvanis: Price and/or volume [nfermatlon for each contract must be
provided. The contract itself does not have to be provided, but it can
be obtained during the proceedings. Individual gas suppliers whose
volumes are less than 3 percent of the total system supply can be
reported collectively,

Ehode lslend: H/A.

South Carplina: The contract ltself, price and/or volume information for
each contract, and agegregate price and/or volume information for all
contracts must be provided.

South Dakota: N/A.

Tenpnessee: The contract itself, price and/or volume information for each
contract, and aggrepgate price and/or volums information for all
contracts must be provided,

Utah: There is no set requirement for contract informatien nor is there an
automatic review of all contracts in each case. The Commission and
Division determine the scope of Investigation in each case and request
the informacion necessary. GSometimes all contracts are reviewed,
sometimes a sample is taken, usually summaries only are raviewed.
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Virginia: Price and/or wvolume information for each contract, and aggregate

price and/or volume information for all contracts must be provided. The
contract icself doas not have to be provided.

Washington: N/A.

West Virginia: The contract iteelf must be submitted if it is subject to
FERC jurisdiction. If the supply contract is with a local producer,
only a list of relevant terms (name, quanticy, price, price escalator,
term, county of production and certaln producer information: producer
name, well name and pumber, API identification mumber, date drilling
commanced, HEPA classification, date NGPA determination receiwed,
contract date, contract expiration dace, priece adjustment, conCract
quantities, price in $/MMbtu and Mcf) must be submicted. I1If the supply
contract is affiliated, the contract must bs filed. Price and/or voluma
information for each contract and aggregate price and/or volume

Information for all contracts must be provided. Ocher information that
must be provided includes:

For Projected PGA Period (November ¥r. 1 - October ¥Yr. 2)

- estimated amount of total purchased gas coats
estimaced volume of gas purchased

estimated sales

egtimated total supply svallable

estimated excess unaccounted for gas

For Historic PGA Feriod (July Yr. 1 - Jume Yr. 2)

actual quantity and cost of purchased gas

actual quantlity and cost of all gas transferred to and withdrawn from
storage

actual net settlement cost of exchange pas
actual cost of gas shrinkage

- total gas sold in Mcf

list of offers te purchase gas issued by the utility including terms
offered, response and terms of resulting contracts

list of offers to sell gas received by utility, including terms,
response and terms of resulting contracts

list of sources imvestigated

indicacion of which contracts contain take-or-pay provisions,
indefinite price escalators and/or most favored nation clauses; if
these clauses exist, utility must show clauses do not require it te

buy more than a reasenable amount of gas at a greater than reasonable
rice

Etility must show it has let out bids for the purchase of a

substantial quantity of natural gas

Hisconsin: No formal review wet., 1In July 1987, the Commission was to start

generic purchasing, planning and prudence review investigation.
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Bvoming: The contract ftself, price and/or volume information for each
contract, and aggregate price and/or volume information for all
contracts must he provided,

CQUESTION

3. vhat procedures, if any, has your Commission adopted to proteet the
confidentiality of the contracts? Is the informaction om file at the
Commission? Subject to public disclosure? Under what conditions?

ANSVERS

California: No disclosure. Staff must sign a confidentiality agreement.
Coppecticut: Public informatiom.

Delawara: If a review of these type contracts is conducted by Commission
staff, the review takes place acr the utility. This procedure eliminates
the need for comfidentiality treatment since the contracts do mot leave
the utility offices. 5taff has, however, had to sign confidentiality
statements that would ensure the information would not be disclosed to
outside parcles,

indiana: M/A.

Iowa: The Board has not adopted any procedures to protect the
confidentiallty of contracts between distributors and thelr suppliers,
specifically. If, at the time of filing these contracts, the
discributor wishes to request that all or a portion of a contract or
contracts be held confidential, it may file a Request for
Confidentiality pursuant to Iowa Administrative Code 199--1.9.

Eapsas: In accord with Docket Humber 106, B50-U:
A, Contracts are deemed proprietary informacion;
B. Contracts are kept in secured files at the Commission; and,
¥ Contracts are pot subject to publie disclosure.

Eentucky: Contracts are kept on file here at the Commission. While only 1
LDC has requested confldentiality, we require that any outaide party
interested in reviewing contracts must come to the Commission's offices
toe do so. We do not send them ocut in the mail.
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Louisisna: Commission does mot review the contracts and, therefore, the
procection of the confidentiality of the contracts is not a problem.

Michigan: Information iz on flle,

Minnesota: The Commission has developed trade secret procedures. If a
utility so requests, and the Commission agrees, Information considered
"trade secret" is not subjeet te publie disclosure but is available to
state regulatory agencles and possibly other Intervenors.

Mississippi: Public recerd--unless the utility requests that the material be
treated as proprietary and/or confidential,

Havada: The review gensrally occurs during an on site audic. Individual
contracts usually are not ldentified in formal exhibits or testimomy.
Only prices and gquantities appear in exhibles.

Bew Jersey: Gontracts are supplied under protective agreement.
Hew Mexico: Nonme. All Iinformation filed i{s open to the publie.

Hew York: All comtracts are flled wicth the Commission as public documents
unless confidential protectlion is requested and specifically granted by
the Commission. To date, direct gas purchase contracts have been in the
short term spot market with no requested confidentiasl treatment.

Borth Carolipa: Contracts are mot avallable to the public, summary data only
in published documents.

Ohig: CGenarally, the contracts are not filed with the Commissien. Dus to
the sensitivity of price competition among utilities, not all
information regarding & contract is necessarily made public. In GCR
cases, this information may be subject to protective orders which limit
access to these documents. Tha Commission staff and 0ffice of
Consumers’ Counsel are permitted access,

Oklahomg: The review process of gas purchase contracts is usually conducted
in the field. The contracts with gas producers are confidencial and not
subject to disclosura. Bacause of confidentiality of gas purchasa
contracts, staff does not maintain gas purchase contract files.
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Dragon: We don't keep contracts on file, but we have accesa te the contracts
at the urility company. Generally speaking, company revenue and expense
data may be released to the public once It ia six months out of date.

: LDCs can request confidential treatment of contract
information required te be filed with the Commission. Tha
Administrative Law Judge assigned to the case will decide whether such a
request will be granted.

Ehode Islapd: N/A.

South Carplina: No procedurss have beem adopted by the Commission. The
contraces are not on flle with the Commission.

South Dakota: N/A,

Teppessee: Information is on file at the Commission subject to public
disclosure,

Utah: Where confidentiality is wital, an ocath of confidentiality is signsd
by the examiners and such information is not made part of the publie
racord,

: Homa. The Commission has not addressed this issue since the
filing of direct purchase contracts is not required at this time.

: Don't know, We have very broad access of the public to anything
at the Commission.

West Virginia: Only affiliated contracts sust be filed; however, as
indicated above, the relevant terms of all other contracts must be
lisced. This is all publiec record, If the urilicy desires a protective
order to protect sensitive information from disclosure it must seek such
an order with juscification for the issuance of such an order from the
Commission. The Commission follows the West Virginia Rules of Ciwvil
Procedure, Rule 26 governing discovery and the West Virginia Freedom of
Information Act.

Hisconsin: N/A.

Wvoming: The contracts are filed with the Commission. The Commission
accepts the contracts for filing only. Unless requested by the utility,
the contracts are avallable to the public during normal business hours,
The Commission acts individually on the confidentiality of contract
requests made by ucilicies,
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Quescion

4. 1s there any type of information regarding direct gas purchase contracts
that you do not now receive that you balisve would ba helpful to tha
Commissiom in its review? Describe briefly.

ADswers

California: Legal analysis of contracts that has been done by the utility.
(e.g. Interpretations of "best efforts," and "marketability.”)

Copnectieut: Survey-type information as a standard for evaluating LDC
action.

Ielsware: Reasons why LDCs have rejected bids from altermate sources.
Indiana: N/A.
Jows: Home that wa can think of.

Eapsas: Two types of information would be helpful;
l. Synopses of least-cost strategy methodologies, and

2, Statements regarding the contract as part of the overall supply
plan.

Eeptucky: Because osur formal review process has not yet been implemented, I
have no answer at this tima.

Llouisiana: He.
Michigan: Wo.

Minnesota: Copies of the contracts. Contracts offered to the utilicy but
not accepted by the utility and the reason for the rejection.

Hississippi: Ho.

Hevads: Ho. If additional information is required, the auditer would make a
formal request,
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Hew Jersey: HNo,
How Moxico: No.

NHew York: MNa.

Borth Carclina: HNe.

Ohio: If these were an external/independent measure of the reliability of

the supplies/supplier it would increase our ability to properly judge
these contracts.

Oklahoms: Fresently staff reviews the entire file and finds no additional
information is required at this time,

Dregon: Ho,

Fennaylvanis: No--we can get anything we want.
Bheds Island: H/A.

Sputh Carclipa: Ko.

South Dakota: H/A.

Teppesses: None known.

Ucsh: The Commizelion has been able to obtain the Informacien it desmed
NECBESSATrY.

Virginia: H/A.
Washipngton: Market that the LDC plans to serve with the supply.

West Virginia: Yes, particularly on offers or supply sources not accepted by
the utility. It would be helpful to know the proposed delivery point
inte the utility's system as well a=z other takes and capacity
restriceions at that point in order to determine the physical

constralints, if amy, on the utility's ability to actually accept that
gas throughout the year.

Wisconsin: N/A.
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¥voming: Mot applicabla.

QUESTION

5, Have any purchased gasz adjustment procedures used by yvour Commission
been modified because of the increasing importance of direct gas
contracts? Do you anticipate amy such change? Describe briefly.

ANSWERS
California: No.

Connecticur: Hao.

DPelaware: PGA requirements have not been modified by the Commission due to

direct gas contracts, We do not anticipate any changes in the near
future.

Indigna: Ko change anticipated.

Iowg: Yes. A rulemaking was commenced im October 1986 and the new rules are
now in effect.

Eansas: At present, the Commission is considering the benefits, costs, and
requirements of developing the contracts into a computer database.

Eentucky: In cases of affiliated encitlies, [ncreased scrutiny and
information requests concerning purchasing contracts have become the
tula. Otherwise, only increased interest in gas sources used.

Louisispg: No. No change is anticipated.
Michigsn: No.

Hinnesotg: Utilities making direct gas purchases have received variances
from existing purchased gas adjustment rules to pass through the cost of
such purchases through the PGA., In addition, the Commission has
initiated a rulemaking docket in which it will revise the existing rules
te Include procedures for direct gas purchases.
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Mississippi: None.
Hevada: Ne.
Hew Jersey: HNo.

Haw Mexico: Not at the present time, Take or pay issues may arise in the
future,

Hew York: No.
Borth Caroling: Froposals mow befores Commission.

fhio: Hot exactly. Our purchased gas management/performance audit 1s
expected to be enhanced next year by merging our long-term forecasting
review with 1t. This merger will enable us o look at the lomg-range
strategy of a company's purchasing and faclilicacte more prospective

guidance. However, this change is not solely dus to direct gas
concracts,

Oklahoma: The purchased gas adjustment clause is determined by actual fuel
cost purchased by the utllity less fuel level rolled in. As the utllity
companies purchase gas from new sources, the fuel cost recovery will be
adjusted by the incremental difference. Since the Commission approved
Purchased GCas Adjustment, clauses are adaptive teo current purchases.

There will be no reason to anticipate any rulemaking in regards te
direct gas contract purchases.

Oregon: We may po from semianmual PCA trackers to quarterly purchased gas
adjustment trackers dus te FERC proposal in RM 86-14 for interstate
pipelines.

Pennsylvania: Our current regulations became effective in 1985 and no
changes are anticipated at this time.

Bhode Island: Ne.

South Carolipa: The Commission recently issued Orders providing for anmual
hearings to address the Company’'s purchasing policles and procedures.

South Dakota: H/A.
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Tennesses: A proposed PGA modification would ensure that all gas costs are
recovered through a "Balance Account,®

Utah: There have been no recent modifications of precedures. A "pass-
through" procedure and the use of & "gas balancing account" were
foplemented earlier with the passing of the RGPA.

Virginia: Cercain case-by-case revisziens In PGA proviszions have been made to
eliminate lags inherent in the historic PGA mechamisms. These lags
prevented ratepayers from seeing the full impact of lower gas costs
attributable to spot purchases until twelve months after the purchase
took place. The Commission intends to conduct a generic proceeding to
develop policles governing gas purchasing practices and to address any
necessary modification te the PGA mechanism.

Washington: Ne.

Wast Virginia: Yes. Rule &3 reguiring the bid procedures and the detailed
contract and offer informatien ser forth in answer to ftem 2 above was
adopted in 1983 az an effort to induce local distribution utilitles to
enter into more lecal producer contracts as well as more spot gas
contracts. The Commission also recently enscted a rule requiring open
access transportation by local distributers and intrascate pipelines.
No additional changes are anticipated,

Wisconein: No modifications. However, PGAs are now being submicted on
almost a monthly basis. We will also investigate PGA process and policy
In the July 'B7 generiec investigation.

Wvoming: No.

QUESTION

6., Is there any requirement for a distributer te show that its direct gas
purchases or lack thereof are an effective part of an overall least-cost
gas purchasing policy? Describe briefly.

ANSWERS

Califorpia: Yes, in the PCA process, they must minimize cost subject to
constraints, i.e. take or pay, minimum take provisions, alternative
supply prices. These are the bases of a prudence review.

Commecticut: Implicitly in PGA monthly proceedings.
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Delaware: There is no formal requirement for an LDC to show that 1ts direct
gas purchases are an effective part of an overall least-cost gas
purchasing poliey. Owverall gas purchases are reviewed as part of the
utility’'s annual and semfannual fuel filing for rate changes.

Indigna: The Indiana Code, I.C. 8-1-2-42 (g)(3)(A), requires gas utilities
to make every reasonable effort to acquire long-term gas supplies to
provide service at the lowest gas cost reasonably possible.

Iowa: Yes. See Iowa Administrative Code 199--19.11 and other new rules
especially TAGLED9--19.11 (3}-(5).

Eansas: The Commisslon currently evaluates the lssuss of overall least-cost

gas purchasing policies in terms of rate case proceedings. Also, see
DPocket Humber 106,850-U, page 24.

Eentucky: In a rate case that could become an issue now when it hasn't in
the past. In our purchase review begimming this Fall, we will hbe
looking for least-cost purchases consistent with supply reliabilicy.

Louisians: No.

: Yem, State law (1982 Fﬁh_;ﬂ-h} requires that ucility gas cost plans
be reasonable and prudent.

HMinnesota: Utilities must file an anmual report. This report is reviewed at
a separate Commission meeting. The report is part of the Commission
rules. The part dealing with planning is 7825, 2800 which says "All
public utilities shall file annually on September 1 of each year the
procurement policies for selecting sources of fuel and energy purchased

. and a summary of actions takem to minimize ecosc,"

Migslggippl: Yes - mostly during rate hearings.
Hevada: Yes., New statute., The Commission has mot mada any regulations yet.
Heow Jersey: LDCs are encouraged to purchase whemever they can.

Hew Hexico: Yes. Ewvery two years a gas utility must justify its continuance
of purchased gas adjustments, and as such, must show that it is making a
reasonable attempt towards a least-cost gas purchasing policy.
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Hew York: Least cost reliable purchasing practices are required and
supporting evidence must be submitted with all major rate filings. This
would include direct gas purchases.

Horth Carolina: Mo, but the Publiec Secaff ecould raise the issus.

Ohio: Yes. As a part of the management/performance audit of gas
procurement, the volume and price of each supply source ls evaluated and
parties may challenge the company's purchases based on alternatives that
would have represented least cost, The Commission attempts te balance
the concept of least cost with an asssessment of supply reliability,
therefore the lowest cost gas s not always the optimal purchase.

Dklahoma: Currently cthere [sn't any requirement for a lesst-costc gas
purchasing policy. The Commission pecrforms fuel audics every six momths
and monitors their fusl procurement practices.

Oregon: No speciflec written requirement. However rates have always been set
based on using the lowest cost gas available,

Peppsylvapia: Yes. State law requires the Commission to examine whether a
least cost gas procurement policy iz being followed.

Bhode Island: No.
South Carolina: No.
South Dakota: N/A.
Iennesses: No.

Ucah: There 1z no specific requirement to justify the inclusiom or exclusion
of direct gas purchases as part of a "least-cost" purchasing policy.
The gas "mix" of each utility, especially the major gas company, la
reviewed in each case for its efficiency.

¥ireginis: Hot at this time, The generic procesding described above could
resule In such a requirement.

Washington: Yes, We have specifically required by rulemaking that LDCs

submit to the Commission on an annual basis thalr least cost acquisicion
plans.

137



Wegt Virginia: Yes. Seoe response to item 1b abowve. Howewer, in practice,
the Commission interprets least cest purchasing with many
qualifications; for example, considering take-or-pay and minimum bill
requirements, considering whether the wells from which the gas supply is
offered have in fact been drilled, atc.

Wiscopnsin: N/A.

Wyoming: Yes, the utility has the burden of proof of supporting any of icts
cost, The utilities are required to provide the most reliable "least™

cost of service te their consumers. This also includes gas contracts.

QUESTION

7. Are-prices or other terms of direct gas contracts subjeet to prudence or
prudance type review? If so, briefly describe the circumstances and
results of a recent review, if any.

ANSWERS

Califorpig: Yes. Some small contracts have been found imprudent, compared
to alternatives,

Compecticut: Yes, All to date have been in lieu of higher priced gas.

Pelaware: This Commission does not conduct prudence audits. If prudence
matters evolve, they are evaluated ag part of either a fuel or rate case
application.

Indisngs: To date, the Indiana Commission has only denied the recovery of ons
utility's non-pipeline gas coscs because the price of the gas including
transportation charges exceeded the utility’s average pipeline
supplier's rate. This was done through the gas cost adjustment
procedure. We didn't actually review any contracts.

Iowg: Yes. Same response as Wb,

Eangas: The Kansas Corporation Commission does pot undertaske formal prudency
review proceedings. Rather, the net effect of price strategies and the
impact of contract terms are considered In terms of rates as appropriate
to rate case hearings.
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Eentucky: Prices are reviewed in FGAs. Any unusually high prices are
subject to investigation.

Louisiana: No.

Michigan: State law (1982 PA 304) requires sach utility to file an annual
gas cost recovery plan which is subject to formal hearings to determine
if the plan iz reasonable and prudent.

Minnesora: 1. Gas coscs are subject to review in the annual automatic
adjustment reports review, The Commission could initiate an
investigation if it finds prudence of direct gas contracts to be an
issue, 2., Gas costs are subject te review in general rate cases. If
the Commission finds rate case gas costs to be imprudent, it could
disallow a portion of the costs.

To date, the Commission has not taken these steps,

Missiseippi: Yes, during rate hearings to determine the competitive price.

Mevada: Yes, as are any utilicy expenses. We do not know of any special
reviews,

Eew Jersey: Yes, as a part of rate case proceedings,

Hew Mexico: Yes,

Hew York: Brooklyn Union Gas - Commission issued show cause order to BUG teo
justify purchases from FRI (an affiliate)} at & higher unit rate than
other purchases, Order rescinded when contract renegotiated bringing
prices in line. MNational Fuel Gas--In rate proceeding contract for
purchases from Paragon was disallowad and contract disapproved when
price escalation clause in contract resulted in uneconomic rate.

Horth Carolina: Could be (see #6).

Ohio: Yes, as a part of (B) above. In one case last year, a company's
purchases from an affiliate producer were scrutinized. HNo finding of
imprudence was made since the cost was as low or lower than other

purchases and this source was curtailed firstc vhen oversupplies
sceurred,
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Oklahoma: Staff recently reviewed a non-recoupable take or pay settlement
which an Oklahoma utility company paid to a gas producer. In performing
this tesk, staff reviewed the following aresas:

A. Is the settlement agreement deollar amount less than what the
producer initially claimed as the take or pay amount?

B, Does the settlement require less purchase gquantity from the
producar?

C. Does the settlement agresment provide a lower price?

Staff concluded the settlement was prudent snd recoversble from
Tatepayers.

: These lssues are considered im gemeral rate case reviews. The
distributor may be left at risk for gas cost savings that he doesn't
achieve,

Pennsvlivania: Yes ... all sources of gas are examined for prudency and costs
can be disallowed if found to be imprudently incurred; that {s, not
recoverad from ratepayers.

Bhede Island: Heo.

South Cagolina: The Commission recently issued Orders providing for annual
hearings and the prudency issue will be addressed in the hearings.

South Dakota: N/A.
Iennesses: Yes, Subject to review but none have been made recently.

Ugah: Prudence is a major concern in gll reviews. Nothing noteworthy has
resulted from the most recent reviews,

Virginia: Not at this timas.
Hashington: MNo.

West Wivginia: Yes--to the extent the terms represent least cost purchasing;
if not, the Commission may impute & cheaper available priced supply.
The Commission exercises more control over affiliated transactions
because of the requirement for prior review. In a recent non-affillaced
transaction, the Commission refused to impute a cheaper priced supply
because of the FERC minimum bill rule and the fact that local wells had
not yvet been drilled. (Eguitable Cas Company, CGase Nos, B3-375-G-30C
and B4-499-G-30C). In a recent affilliacted case, the Commission repriced
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affiliaced purchases from §3.20/dth to §2.90/dth to reflect more market
etlenced prices (Mouncalneer Gas Company, Case Ne, B6-250-G-FG).

Wiscopsin: See #3 & #1,

Wyoming: Only if they becoms contested issues during a gemeral rate filing,
pass-on, balancing account adjustment or Commisslion ordared
investigation.

QUESTION

B, Does the Commission include im its review any assessment of the
riskiness of a distributor’'s contracts? This might take the form, for
example, of a comparisom of the riskiness of long-term contracts,
perkaps containing a requirement for a minisum volume te be purchased,

wversus that of shorter term contracts, such as those for spot market
gas,

ANSWERS

Califorpig: Yes. Especially pricing terms. Ex: 1) structured with prics
formula that tied price of gas to the rate of return on the producer’s
rate base (like publie utilicy regulation); Z) weighted average cost of
gas of all long-run gas supplies. (Note: The California Commission s

suspicious of those sorts of terms.) Supply security is not much of an
issua.

Connecticut: Gas companies use firm contracts for guaranteed supply. Direect
purchases are purcheses in lieu of firm supplies, .

Delasware: This issue has not occurred at this time.
Indiapa: Hot vet.

lowa: The only specific guidelines are those that can be interpreced from
the enclosed rules.

Eansas: Kot at the present time.
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Kentucky: Mot at this time. Risk will be a factor considered in upcoming
reviews,

Louisispa: MNo.

Michigan: Supply reliability is one of the factors considered by the
Commission.

Minnesotg: There are no specific provisions for the review,
Misgizsippi: Ho.

Bevada: No, there are no specific standards established.
ﬂﬁﬁ_igxgﬂxz Yas.

Hew Mexjco: Yes,

New York: Yes, in & general way, but there have been no written guidelines
or declsions on the iszsue.

Horth Carolipa: Yes.

Ohio: Yes, see Ohio's answer to question & above. The concern about risk
has to do with the company’'s ablllity to continue to provide firm
supplies to its captive markets. With the long-term interstate pipeline
contracts still im place, however, direct purchases currently function

as short term price optimizers, This is expected to change as the
industry stabilizes.

Oklghomps: Staff reviews the utility companies' fuel supply meodels for fuel
supply purchase requirements, projected fuel coat, and supplier mix.
Upon review of the utilities’ fuel supply models, staff has noticed that
their contractual purchase requirememts hawve frustrated their efforts to
purchase spot market gas,

Oragon: No.
Pennsvylvania: Risk, or service relliability, hasz not been a factor as yet.

Bhode Island: N/A.
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South Caroling: The Commission recently issued Orders providing for annual
hearings and this issue will be addressed in the hearings.

South Dakota: N/A.
Ienneggee: No.

Utah: Risk of long-term contracts with "take or pay" requirements versus
spot market purchases is an important part of the review of gas "mix.=

Virginis: Wot at this time.
Washington: Ho.

West Virginia: Yes, The Commission considered the riskiness of local
producer contracts versus interstate pipeline supply in Equitable Gas
Company's 1983 and 1984 purchased gas proceedings. The Commission alse
considers long-term versus short-term contract riskiness, but no minimum
or optimum requirements have been required by tho Commission. One local

distributor purchased 62 percent of its supply in the spot market in the
1986-1967 purchased gas period,

Hiscomsin: N/A.

Eyvoming: Ho.

QUESTION

9. Does the purchased gas adjustment procedure used by the Commission
contain any specific features intendad to ereate an incentive for

efficient gas purchasing and supply planning? Describe briefly any
feature that creates such an incentive or disincentiwve, in your opiniom.

ANSWERS

: Hot really. Under restructuring, part of the utilicy's profit
will be based on throughput:

1} Core--traditional utility service

2) HNon-Core--customer responsaible for arranging transportation and must
find a supply (can opt for utility to find gas). No prudence

review., 1 % percent return om equity (10 percent of profit) Is at
risk under this plan (for the utility).

143



Connecticut: Possible disallowance of imprudently Incurred ecoscs.
Delaware: No, the PGA clause does not contain this type of feature.

Indiapa: In order for the utility to recover its purchased gas costs it must
show that it has met the requirements of Indlana Code B-1-2-42

(e (33(A).

Iowa: The ARG rules (IAC 199--19,11) require that the Board "disallew any
purchased gas costs in excess of costs incurred under responsible and
prudent policles and practices.” IAC 199--19.11(3).

Eangsas: Under Docket Bumber 106, B50-U, the Commission may dizallow pass
through of the costs of gas incurred from a contract deemed lmprudent.

EsnRucly: Fo.
Louisiana: He,
Michigan: Yes. See answer 7,

Hinnesota: There are no speclfic provisions In the current rule,

Hississippi: No.
Hevada: No.
Hew Mexlieco: Ho.

Hew Jersey: Yes. All over-recoveries are subject to Interest at the LDC's
overall rate of return.

Hew York: Mo prescribed features. Incentive is possible penalcy for
inefficient purchesing after review,

Horth Carolina: Mot at this time.

Dhio: NWo specific incentives are part of the procedura. However, the
company has the burden of proof to demonatrate its purchases provided
least cost consletent with reliability of supply. The Commission has
the ability to deny recovery of costs which have been judged imprudent.

144



Oklahopa: The Commission has approved tariffs with the provisions of a 75%-
25% split of transportation margins with stockholders, and 90%-10% splic
off system gas sales. The Commission has approved these cariffs as an
incentive to market their expensive gas supplies off system. As a
result of the tariffs the utility company's cost of fuel has lowered and
their exposure to take or pay claim lawsuits is substantially reduced,

Orepon: We have a tariff mechanism that puts the distributor at risk for 20%
of the loss or gain between general rate cases in cost of gas for
serving the Interruptible market.

Pepnsvlvanig: Yes ... the incentive to follow & least cost gas procurement
poliey is that otherwise the LDC won't be allowed to recover thea cost
from ratepayers.

Ehode Island: Yes. Margins from the sale of gas to interruptible customera
are "shared" with the company after a "target level® of =sales is
reached., The target level would be set in a general rate proceeding.
The sharing i{s 75% to firm customers and 25% to the company. This
tariff is in effect for only 1 of 4 regulated gas distriburien

compenies.
South Carolina: No.
South Dakota: Ho.
Tennesses: No.

Utah: There is no particular feature that creates incentives or
disincentives to efficient planning. The existence of a review
procedure is an incentive for efficient planninmg in itself.

Virginia: Ho. Wirginla's purchased gas adjustment presently assures full
recovery of all gas costs through deferred accounting. One incentive to
promote efflelent gas purchasing may be to partially eliminate deferred
accounting for certaln gas costs (l.e, the demand cost of gas}),

Waghingten: HNo.

Fest Virginia: The requirements for a bidding procedure and for
investigacion of all possible supply sources should create an incentiwve
for efficient gas purchasing and supply planning. However,
implementation of these requirements by this Commission has weakened the
effectiveness of the rule, For example;, the requirement to purchase the
cheapest readily available source of supply has been weakened by the
Commission’'s apparent requirement that wells be actually drilled to
constitute "readily available" supply for repricing purposes.
Addicionally, the requirement that the proof of least cost purchasing be
submitted only in cases where rates are increasing has weakened the
effectivenass of the rule in a period such as the current time where
excess supply exists and prices are declining.
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Wisconsin: N/A.

Wyoming: Yes, Wyoming State Starutes allow gas distributors up to a 10%
incentive on reduction in gas costs.

QUESTION

10. Do you have any Insights sbout regulatory review of direct gas purchase
contracts that you would like to share with other Commizsions? A
poelicy or procedure that has worked well, for instance.

ANSWERS

Califorpla: PUC in the past gave prior approval to contracts. Comment:
Utilicies do not share all infoa., Ucllities should reveal all facts and
s0 on. (e.g. Buyout presentation seemed blased.) Idea is that
utilities tell PUC enough to get preapproval and later use that approval
as evidence of prudence. But, in reality, not all the facts or issuss
are presented.

Comnecticut: Ho.

Delawsre: We currently do not have a spacific policy or procedurs that deals
with direct gas purchase contracts, However, we would be interested in

receiving informacion from other Commissions to see how they have
handled this situation.

Indiana: Ho.

Jowa: None that we can think of. As i{ndicated in the cover letter, lowa
distributors have not been involved in non-traditional gas purchases
long enough for a complete, representative review process te occur. The
distributors began making non-traditiomal purchases, for the most part,
last fall, and the 19387 ARG's will be due August 1, so we anticipate the

review of the majority of non-traditional contracts to take place during
the 1987 proceedings,

Kansas: N/A.

Kentucky: Not at this time. Perhaps after our review has been in place for
4 Year or CwWo,

146



Louisiapa: No.
Michigan: Neo.

Mionesota: Mo; wa are still reviewing possibla procedures for regulatory
review for the revision of existing rules and therefore are locking for
additional informarion and procedures that have worked well in other
jurisdictions.

Hississippi: Fo.
Bevada: N/A.

Hew Jersey: HN/A.
Hew Mexico: MN/A.
Hew York: No.
Horth Caroling: No.
Ohio: Fe.

Oklahoma: Staff’s procedure for regulatory review of gas purchase contracts
is to generically determine what the company's fuel procurement practice
is. Onece this scep is performed, review of the key contractual

provisions of gas purchass contracts for confirming the utility's poli
is done. i

Oregon: Nothing specific., Our utilities have generally acted Iin good faith

to keep gas costs as low as possible in order to retain their
interruptible industrial load.

Feopsvlvanig: The review of gas purchase contracts with affilisted producers
has revealed some surprising results, It ls especlally important te
encourage non-affiliated producers to participate in the proceedings teo
uncover instances whare potential gas supplies have not been utilized.

Rhode Island: H/A.
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South Cagolipa: Mo,

South Dekotg: The Commission has not yet specified any policy with regard to
direct purchase contracts, but the matter has been a topic for
discussion and further attention.

lenngsgee: No.

Utah: Utah's major gas distributor and to a lesser extent its other
distributor enjoy an accessibility to a variety of gas sources Iincluding
some utility owned sources. Procedures that work well in Utah might not
work as well in other states.

Virginia: N/A.

Hashington: Wo. 1 do not belleve that Commissions should be [nvolved in
that phase of utility management. In the State of Washingtom we have
broad statutory language governing the ability of the Commission to set
rates., If the utilicy is not providing service at rates that are fair,
just, and reasonsble, the Commission may investigate. I believe this
applies to the review of gas purchase contracts. Finally I do strongly
believe that the interstate pipeline is best equipped to assure an

adequate long term rveliable supply at least cost to the customer base
that has the least alternatives.

West Virginia: Although the West Virginia Commission's least cost gas
purchasing policy has been somewhat weakened through implementation on a
case-by-case basis, the fact that the policy exiastas and can be used
against utilities in rate cases has a political impact {n that uciliries
feel that they must show good faith compliance. As a result, local
production has increased and the local utilities have consequently

lowerad thelr gas costs by obtaining cheaper sources of supply in their
supply mix. ’

Wisconsin: Mot yet.

Wyoming: N/A.
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APPENDIX B

SURVEY OF DIRECT GAS FURCHASE CONTRACTS

The KRRI collected a sample of direet gas purchase contracts batween
loeal distributors and producers. The semple forms the basis of the
discussion and description of contracts In chapter 3 and the quantitative
analysis of the contract prices and terms in chapters 5 and 6. The survey
form and the data set are described in this appendix. A copy of the survey
Is presented so the reader can undersatand more fully the information used to
bufld the data =zec, A copy of the data set with explanations sbout the

varfouse contract variables is presented also.

The Survey

The MERI sent a survey to state commissions in June 1987 to collect
information on direct gas purchase contracts. The survey requested
information on prices, price adjustment mechanisms, transportation
arrangements, gas gquality and quantity, contract duratiom, terms of
termination, and overall contract flexibilicty. A copy of the survey is
Included at the end of this appendix. In all, information on about 100
contracts was obtalned, In most cases the contract ltself was made
available te the NRRI, Some commissions chose to reply on the survey form.

IThe Data Set

The data set contains informatiom on long-term contracts only, that is,
contracts longer than one month. There are 28 such contracts, each contract
constituting one observation Iin the data set, This Is the largest sample
that could be fashioned for which all Information was availshle, including a
corresponding spot price and &ll contract terms. The contracts are
described by tha following fourteen wvariables: astate, contract datas,
contract price, spot price, fixed price adjustor, altermate fusl price

adjustor, market index price adjuster, time batween renegotiatioms,
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negotiation sequence, market-out clause, take-or-pay clause, sinimwm-take
clause, price difficulry index, and quanticy diffieulty index. A copy of
the data zet iz lisced in table B-1.

The wariable "state® refers toe the location of the buyer. The data set
contains contract Information from Kentucky, Ohle, Michigam, and
Mississippl. The contract date {s when the contract became effeccive. The
contracts cover the peried from February 19853 to June 1987 with nine
contracts becoming effective in 1985, ten becoming effective in 1986, and
nine becoming effective in 19B7.

The contract price and spot price are delivered prices per Hef, thac
is, they include transportation costs. Contract prices averaged 52.45 par
Mef, ranging from §1.85 to §3.26 per Mcf. Spot prices averaged $2.25 per
Mef, ranging from §1.62 to $3.20 per Mcf. The average difference between
contract and spot prices is 20 cents per Mcf.

The variables indicarcing the presence or absence of a fixed price
escalator clause, an alternate fuel price escalator clause, and an escalator
based on some other gae price identify wvarious mechanisms used to reset
price chroughout a contract's lifa, The wvarlable is coded as 1 1f the
pricing mechanism is used, @ otherwise. A contract has a fized price
escalator if the price is fixed from inception or if it has an escalator
clavse specified as & fixed percentage, If price is direcely tied to an
alternative fuel price, the contraet is recorded as having an alternate fuel
price escalator. When a price paid for another source of matursl gas is
used to adjust price, them the contract is recorded as having a gas price
escalator. In the sample, seventeen contracts do not specify how prices
are reset but simply state that prices are rensgotiated at periedic
intervals, Sevan contracts usa two or all three pricing mechanisms to
adjust delivered prices throughour che contract's life.

The take-or-pay clause and minimum-take clause variables deascribe
volume conditions placed in contracts. Both variables are fractions from O
te 1. A wvalue of 0 means that a contract has a 0 percent take-or-pay or
minimum-take level, whereas a value of 1 implies a 100 percent take-or-pay
or minimum-take clause, Seven contracts have a take-or-pay clause, and
fourteen contracts have a minipum-take clause. All contracts having a take-
or-pay clause have a minimum-take elause.
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The variables "cime-between-renegotiations", "negotiation sequence”,
and "market-out clause" reflect the ability of the buyer and seller to
adjust price when future market conditions change. The time between
renegotiations is recorded in menths. Thirteen of the twenty-eight
contracts remegotiated or readjusted price at least once every six months.
The variable "negotiation sequence® has three values depending on which
party initiates the process. The value -1 appears 1f it is che buyer, che
value 1 appears if it is the seller, and the wvalues 0 appears Lf both parties
initiate the process or if a preagreed pricing mechanism is employed. In
twalve contracts the buver initiates the price redetermination process, in
fifteen contracts both parties initiate the procesa, and in one the sealler
initiates the negotliating process. The variable “"market-out clause® has tha
value 1 if the buyer can refuse unmarketable gas and the value 0 If
atherwise, The market-out clause appears In thirteen contracts.

Two variables are used to measure the difficulty of changing price and
volumes taken throughout the life of the contract. The values assigned to
these varisbles are based upon contractual terms that affect future
flexibility of prices and volumes. The index measuring price adjustment
difficulcy depends on the time between renegotiations, the negortiation
sequence, and the various pricing mechanisms. The quantity adjustment
difficulty index depends on the take-or-pay clause, the minimum-take clause,
and the market-out clause, Both indices take on values between 1 and & with
the value 1 lmplving little difficulty in adjusting price or volumes taken,
and the value & implying great difficulty in making adjustments. Twenty-one
contracts have a price difficulty index between 1 and 2.5 whereas sixteen
contracts have a quantity diffieulry index in this range. There are
thirteen contracts having both indices below 2.5 indicating relative ease of
adjusting both price and volumes taken.
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DATA SET OF DIRECT GAS PURCHASE COMTRACTS

TABLE B-1
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THE NATIOMAL REGULATORY RESEARCH INSTITUTE
DATA REQUEST FOR

DIRECT GAS FURCHASE CONTRACTS AND PRICES

The WBERI is collecting a sample of direct gas purchase contracts
between local gas distributors and producers that were enterad into batween
July 1985 and June 1987, and the prices (possibly month to month) that have
prevailed since each contract's inceptiom. The data will be used in a
quantitative analysiz to determine whether and to what extent the gas market
assigns a price premium for various comtractual provisions,

We recognize that the contracts may be proprietary in some state
jurisdictions and may be part of the public record in others. Our sample
shall be proprietary, in any case, and will not be shared with others
without permissicon. In additien, we do not need the supplier's nams, but

only hid general locatien. Anonymity can be assured for any contract by
omitting the supplier’s name.

We would like to have, for each jurisdictiomal distributor that has
such contracts,

)

b)

We request

a)

ar b

Five or more representative spot market contracts and the

associated price history {as available) from July 1985 to June
1987, and

Five or more representative longer-term contracts and the

assoclated price history (as availabla) from July 1985 to June
1987,

the data be provided in one of two ways, at your option:

You could send a copy of the actual contract, (possibly with the
supplier's name omitted and other, more gemeral locatiom
Information substituted, such as the state or country of the gas
well) and inelude a separate price history sheer attached to each
contract. A worksheet to record the prices f{s included, Please
copy this worksheet as needed.

You could £ill ocut the enclosed comtract descriptiom form that
can be used to describe the general nature and specific
provisions of a single contract, and Include a separate price
hiztory sheet attached to the description of each contract.
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PRICE HISTORY WORKSHEET

(Data Request for Direct Gas Purchase Contracts)

Hame of local distribution company:

Identification of contract:

Unic in which price iz expressed;
(Mef, dth, MMBtu, ete.)

Commodity Price;

1985: July Aug Sept
Oct Row Dec

1986 Jan Feh March
April Hay_____ Juna
July Aug Sapt,
Get How Bec

1987 : Jan, Fab Mar
April May Juna

Describe any contractual payments other than the commodity price, which
might take the form, for example, of a fixed fee paild teo a producer for his
maximum dally delivery rate:
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CONTRACT DESCRIFTION FURM

{Data Request For Direct Gas Purchase Contracts)

(Flease use the following codes, if nesded: N.A. Not applicable; N.K.

known by respondent; H.Av., Kot available; N.5.P. Ho such provisionm in
concract. )

A. FKame of local distribution company:
Mame of perseon for further contact:

Identification of concrace:

Location of supplier (county, state):
Date ocontract was effective:
Duration of contract (including any provision for extemsion):

Delivery Point:

B. Transportation.

1., Arranged by Buver? Yes Mo

2, Arranged by Seller? Yes Ma

3., Transportation fee up to delivery point:

a, Hone

b, Included in commodity price? Yes Mo

c. Buyer/Seller pays a separate fee of
per Mci/MMBtu/dch,

133
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Transportation (cont.)
4, Interconnection lines up to dalivery point:
Owned by seller or buyer or third party?
5. Third party transportation is used? Yes Ha
a. Transportation fee Is (Lif avallable)

b, Volumess can be eurtailed due te & shortage of
transportation capacity? Yes Ho

6. Seller retains processing rights after delivery te buyer?
Tes____ No

C. Quality of gas.

1. Hinimum Bty eoncentc:

2. Pressure specifications:

3. Temperature specifications:

G, Mexisum Sulphur:

5. HMaximim water vapor:

6. Maximum carbon dioxide:

7. BSpecific Gravity:

8. Other (specify):
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D. Gas quanticty or volume.

1, EReserves are dedicated? Yes Ko
or, "all gas for life of well"? Yes Ma
2. Hinimum cakes are specified? Yes Mo

1f so, these are expressed as (give the amount);

Minimum Honthly Volume?

A parcentage of the

Average Volume?
Maximum daily voluma?

A mindimum number of days during
which gas is to be taken?

Ocher?

3, HMaximum takes are specified? Yes Ho

If so, these are expressed as (give the amount):

Maximum daily quanticy?

Some multiple of the average taka?

Dther?

4. Bupply is interruptible? Yes Ho

1f so, required notice is

Hotice is given by:

Seller Eicher

£

Buyer
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Cas guantity {(cont.)

5. Volumes are adjusted within contract perlod? Yes Fo

If so, allowable frequency is

The process for determining the next period's

wolume can be deseribed as:

Buyer gives motice,

seller accepts or rejects?

Seller gives notice,

buyar accepte or Tejects?
Buyer and seller confer simultaneously?
All volumes are on & "bast afforts" basia?

E. Price of gas

(Please show actual prices on the price history workshest. This
section describes contractual features governing the price.}

1. Price is fixed for duratiom of contracc? Yes Ma

2. 1f the price is adjusted within the contract period, it is
governed by

a. An escalation elause? Yes Hao

If so, the index s

b. A renmegotiation clause? Yes Ha

If so, the frequency (e.g. monthly) is
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Price of Gas {cont.)

c. A cost recovery clausa? Yes Ho
If 8o, which of the producer's cost components are
ineluded?
d. Othesr?

3. The process for redetermining the price can be described as:

a, Buyer gives notice of new price, seller
can accept or reject? Yes Ho

b. Seller gives notice of new price, buyer

can accept of reject? Yes Na
¢, Buyer and seller negotiate bilatersally? Yes Ho
d. Other

e. The notliece procedurs used by buyer or sesller

applies to;
This eontract enly? Yes He
All interested parties? Yes Ho
Other?
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F. Contract termination features.

1. Contract conctains a force majeurs clause? Yes Fo

2. Contract contains a so-called "economic" force majeure clause which
is iovoked under adverse market conditlons? Yes Ho

3. Contract contains a "market out™ clause? TYes Ko

4, Contract can be terminsted with {days, months})

notice given by buyer , saller , or either party e

5. Other?
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APPERDIX C

A TECHNICAL INTHODUCTION TO
DATA ENVELOFPMENT ANALYETS

There are a variety of techniques that can be used to gauge the
performance of production units. Hany of these, including total factor
productivicy indices, cost function esstimation, and subjeerive techniques
like the analytiecal hierarchy process, have been examined snd reported om in
prior HERI publications.! This appendix presents a technical outline of a
method for measuring efficiency that belongs to a different class from those
heretofore presented inm WRRI reports. The general idea in this class, as
mentioned in chapter &, is to estimate an efficiency frontier. Such an
approach is likely to have multiple applications in public utility
regulation, and for this reason thie appendix is intended to provide a

rigorous introduction for those state commission sctaff members who may wish
to sxplore the method further.

Background

Data Envelopment Analysis emerged from economics and operations research
in an attempt to bridge the gap between the theoretical notion of a
production funetion and its empirical estimation. For any process that has
outputs or outcomes resulting from some inputs, the production function
defines the optimal relatienship between these inputs and the outputs or
outcomes. Efficiency or effectiveness of a particular process ls measured

L Bga, for example, L. Anselin and J. 5. Henderson, ecis UDPPOY

{Columbus, OH: Hatiomal Regulatory
Reseaarch Imstitute, 84-15, April 1985).
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in cerms of its distance from this productien funetisn. A variety of
efficiency measures exists. The most basie iz technical efficiency. A
process is said to be techmically efflclent If it produces the maximal
output as determimed by the production functlom for ics glven set of inputs.
When the prices of the inputs are known then a technically efficient process
iz said to exhibit allocative efficlepcy 1If it produces a given output at
least cost. A processz exhibics gcale efficlency if its scale or size of
operation is eptimal in the sense that reducing or increasing itz size makes
the process less efficienc.

Ve limit the discussion to cthe measurement of technical efficiency in
what fellows. A simplified graphical deseriptien is used to clarify
concapts.

Consider a number of units with the same process producing one output
from two inputs. The shaded area im figure C-1 represents the scatter of
these units in & two dimensional representation where input per unit of
gutput is measured alomg the axes., There are a number of functional forms
{Cobb-Douglas, CES, trans-log) that can be used to approximate the input-
output process, Their parameters can be estimated by fitting the function

INPUT 2
OUTPUT

INPUT [/OUTPUT

Fig. C-1 Hypothetical imput-output data
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to the data in the scatter diagram, The usual appreach is to obtain the
"best fit" to the data by minimizing the sum of the szquared error {ordimary
least squares) of the data points from the fitted curve. Such a procedurs
yields a line through the data cloud similar to LL., This line is cbtained
under the assumption that the deviations of the data points from the curve
result from random error; hence, points are on both sides of the curve,

Such a function cannot be readily used for cbtalning measures of efficiency
since some of the data, on one side of the line or the other, exhibit super-
gfficiency. Since sach point represents output per unit of Input, the
efflefent unlts are those that are elesest to the bottem left hand corner in
figure 1.

To overcome the problem of super-efficient points, DEA identifies a
production-possibility fromtier. This fromtier is obtained by identifying
all the extreme points closest to the axes jolning them.

Point B In figure C-2 iz more efflcient than D by wirtue of the fact
that {c requires less of both input 1 and Iinput 2 to produce unie sutput
than does D. It is not clear, however, whether C is more efficient than A.
DEA solves this problem by defining all the extreme points closest to the
axes as efficient. The efficient frontier, then, is cbtained by comnecting
all the extreme points. Thus, QABCY' forms the production fromtier.
Efficiency is measured in terms of distance from this frontier. Farrell
provided this analysis three decades ago.® An index of efficiency can be
based on distance along a ray from the origin., That is, the efficiency of D
can be expressed as the ratle of the distance of the frontier from the
origin te the distance of the point D along a ray from the origin. The
efficiency of D, then, is

ant

on
where 00 denotas the distance from the origin te the point D, It
immadiataly follows that any point on the frontier has an efficlency score
of unity. Farrell's measure of efficiency, therefors, ranges from almest

¥ Farrall, M. J., "The Measurement of Productive Efficiency,” Journal of the
Royal Statistical Society, A 120, part 3, (1957): 253-281,
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INPUT 2
ouUTPUT
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Fig. C-2 An input-output efficiency frontier

fero ©o unity, where unity denotes efficienc performance.

The piecewise linear representation of the production frontier, QABCD',
together with its mathematical programming formulation was first proposed by
Charnes, Cooper, and Bhodes.?® Wa pressnt next a mors formal formulation of
the DEA problem.

Mathematical Programming Formulacion

Several variants of linear programming formulations exist for measuring
Farrell's index of efficiency. The following lmplementation from Schinnar
for the single-output mulciple input production process corresponds te the
graphical description in figure C-2.* The linear program for estimating the

3 Charnes, A., V. W. Cooper, and E. Rhodes, "Mesasuring the Efficiency of

Deeision Making Units,” Eurpesn Journal of Operational Research, B4 (August
1976): 655-676.

* Schinnar, A. P., "An Algorithm of Measuring Relative Efficiency,” Fels
Discussion Paper No. 144, Universicy of Permsylvania {(August 1980).
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relative efficiency, p, of a productive unit a given a set of units Bpaeaes
a . which includes a is

minimize P (c-1)
guch that: hp + pa =0 (C-2)
o -1 (C-33)
g =0, p untestricted (C-4)
where

A 18 & mun matrix with columns corresponding to n production units and
rows corresponding to m inputs. The columns of A form the peoints in the
input space. A typical element aij denotes the amount of factor input i
{or “11} per unit of output of unit j {or yJ} or Iij - %X, P

a_ is a mxl column of A corresponding to a production unit whose efficliency
we seek Co measurs;

# 1is a mxl vector defined by the unit simplex e = 1, p = 0 where
e = (1,1,...,1); and

A i1 & scalar called "Farrell's index of efflciency.” p iz unresericted

but assumed positive.
Solution

The DEA Index of efficlency can be obtained graphically whem the process
under consideration has a single output and two imputs or when there are two
putputs and a single input.

We use the data in table C-1 for illustrative purposes. Figure C-2
represents a scatter plot of the data and QABCO" I1s the best practice
froncier. The polints A, B, and C are efficient. The efficiency of D 1=
OD*0D. D is the point (3,3). Some simple coordinate geometry will show
that D' is the point (2.5, 2.5) and that the efficiency score for D is 0.83,

A similar analysis in the output space yields figure C-3 where the axes
represent output per unlt of Input. The measure of efficiency is the
reciprocal of that in the input space. Hence, the efficiency score for § is
D5/05", MNote that this analysis in the output space corresponds to the
examples provided in chapter &,
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Fig. C-3 An output-input efficiency frontier
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Figures C-2 and C-3 are useful only when the inputs and cutputs can be
represented in a two dimensional plane, A more general formulation, whiech
gimultaneously accommodates multiple Inputs and multiple outputs, may be

writctcen as

minimize Z [C-5)
such that: YA +xy, = 0 (C-6)
XA =% (C=-7)
Az0 {C-8)
where

Y i= a r ¥ n matrix with ecolumns corresponding to m production units and
rows corresponding to r outputs;
X iz a m x n matrix with columns corresponding te n production units and

rows correasponding to m inputs;

¥ s a r x 1 veetor of ourputs for the unit being evaluated;
X, I= amx 1 veeror of {npurs for the unit being evaluated;
A Iz an x 1 vector of posicive scalars;

£ is the reciprocal of Farrell's index of efficlency.

& computer algorithm is needed to calculate the efficiency indices when
there are many production units. The basic task s to solve the
mathematical program (G-53) - (C-8), once for each unit to be evaluated.
Efficient algorithms that exploit the geometry of the data space have been
developed. These do not necessarily require solving as many mathematical
programs as there are data points.

Some of the essential features and capabilities of Data Envelopment
Analysis are briefly summarized, below. The context of the following
summary is that of public services being provided through a number of
centers that are to be compared.

Best practice or fromtier analveis - Estimates of performance (efficiency or
effectiveness) are based on an extremal principle of converting input
resources into cutcome indicacors., FPerformance i{s determined relative to
the best pattern of service delivery or contract characteristics found in
practice rather than based on a theoretical construet.
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Comparison - Performance appraisal is a relative concepr baszed on comparison
of the operatioms of comparable contracts or centers, Specifically, for
each center, the index of efficiency is a measure of cthe service output
lewvel that a center can attain with its given resources.

Effectiveness - The performance appraisal measurement distinguishes between
effectiveness, efficiency, and productivity. Effectivensss Is a reference
to outcomes achieved relative to a set of standards which are usually taken
to reflect minimal levels of practice. The DEA approach defines goals as
the combination of best outcomes shown to be practically attalmable, and

measures program effectiveness of each center relative to the best practice
of performance,

Efficiency and Productivity - are two reclprocal concepts: input eafficlency
shows what reduction in resources or Inputs could still provide the =zame
level of service outcomes, while cutput productivity measures the potential
Improvement of outeomes (or output Indicators) that has been shown to be
practically actalinable with no more resources that are presently Iin use.

Multiple outputs and sult{ple inputs - The DEA method uses information on
program ocutcomes [outputs) achieved and program resources (inpurs) used, and
allows for simultaneous incorporation of a multipliecity of such measures,
The number of input and output measures is limited only by the number of
observations used in the comparative analysis. FPractical experience

suggests that the ratio of measures (varlables) to observations should not
exceed 1 te 10, :

Controls - Using preduction or contract characreristics as contrels in the
analysis, it is possible to identify the portion of inefficiency
attributable to the sconomic conditioms and the portion attributable to
managerial Inefficiency. In this mammer, {mprovements in performance under
the contrel of pregram managers can be distingulsed from those that are not
at their discretion.

168



Copparison groups and case studiss - The DEA methodology uses tha technology
as it is reflected in the mix of inputs used and the combination of outputs
achieved, in order to partition the entire set of observations (centcers)
into comparison groups. A comparison group thus consists of a subset of
centers or contracts having similar characteristics (technology) and
outputs. The centers or contracts within each comparison group are divided
Into efficient and inefficlent units te guide follow-up evaluations of non-
measurable faccers that might help understand or improve the service
qualicy.

Contract specific analvsis and structural analysis - An important feature of
the method is that, in addition to data being center-specific or concract-
specific, the results of the analysis are also provided in terms of each
specific cemter. Unlike statistcical (e.g., sconpometric) technigues where
the analysis is based on the means and variance of the complete data base
and the results reflect the aggregate features of the sample, the DEA method
vwields a wealth of information pertinemt to sach observation (center) as

well as structural (aggregate) results on the performance of the entire
program,

Longitudinal monitoring of performance improvement - The methodology is well
sulcted for processing lomgitudinal information about a contract's
performance in order to monitor progress in performance improvement. The
use of longitudinal information enables continuous monitoring of the effects
of various remedial policies on the performance of service centers, thereby

providing immediate feedback that Iz invaluable for improving the management
of service delivery.

Coptract models and chofce of wariasbles - The methodology does not pose any
restriction on the cholce of wvarfiables, which Is left to the analyst. It
gshould be noted, however, that any subset of Inpur and output Indicaters
also constitutes & model or deseripticn of contracc performance. It is
advizable, therefore, that alternative representations of the process be
explored in an analysis of performance, as it is possible that the
evaluation of a contract may depend on the set of variables used.
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Upits of snalysis and observations - In assembling the nesded data for
analysis we distipnguish between unlits of measurement and units of analysis,
A unit of messurement 1= an "ohservaclion" In the data-collectiosn efferc. It
1z largely decermined by the availablilicy, reliabilicy and level of
aggregation in which data are found. A unit of analysis is a service
delivery unit or a gas distributor whose performance [s to be measured. The
distinction between a unit of analysis and an observation gives the analysis
addad flexibilicy. Mulciple cbservarions on the contract from a single
distributer allows performanced to be tracked over time, for axample.

Commensurgte dimensions of measures - Unlike benefit-cost analysls, outcome
and {nputs dimensions need not be the same im DEA. Data need not be
converted into "monetary terms; instead, DEA can accommodate & variety of
different guancicies (hours, tons, frequencles, as well as dollars). Tha
measurement is performed in a multi-dimensional space of Inputs and cutputs
used in their disaggregace form. Aggregation can be done after the analysis

has been completed and the tradecff rates between the variables are
avallable .,

Other Methodg - Table C-2 provides a brief comparisen of regression,
benefit-cost, and the data envelopment analyvsis techniques., The intent is
not te portray these methods as competitors; in fact, they are complementary
in several ways, The "best practice” approach, because of its formulation
based on "frontlier analysis," is most suitable for comparative performance
appraisal. Benefit-cost is especially suitable for in-depth studies of few
competing alternative new services, while the regression technique and its
related methods is useful for hypothesis testing and selection of variables.
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TABLE C-2

COMPARTISON OF THREE METHODS USED FOR PERFOBMANCE APPRAISAL
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b=mlilcs mel coacs aekdition of rew resnoTes il efficiecy as wll ma
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APPENDIX D

GASMIX: A GAS DISTRIBUTION MODEL OF OPTIMAL SUPPLY MIX,
SERVICE RELTIABILITY, AND INTERRUPTIBLE RATE DESIGN

This appendix describes the CGASMIX computer model. The description
consists of two parcts., The first part, which has been reproduced with minor
modifications from a previous NERI report, presemts the theoretical
background and methodology for the model.! The second part presents the
operating procedure for implementing the model., It alse Ineludes the

results of a sample run. A case study using the model Is In the report
ciced in footnote 1.

Theorerical Background and Methedology

The rapidly changing energy scene and the competitive pressures from
alvernative fuel supplies are likely to produce a growing market for
interruptible service to customers with multiple fuel-burning capabilicy.
Attracting and recalning such customers may lead to improved cost recovery
for the distribuclion utility as well as to improved service relisbilicy for
firm customers. However, there is much wvarisbility in the structure of
currently applied interruptible rates, and the theoretical and
methodological issues relating to the approprlate cest allecation among fira
and interrupcible customers are still unresolwved. The purpose of this
appendix 1= to present a modeling methodology for selecting an optimal gas
supply porcfolle chat includes firm and interruptible rates at the
distribution level, with a partlcular emphasis on (1) alternmative cost

1 J. Stephen Henderson, Jean-Michel Guldmann, Ross C. Hemphill and Kyubang
Lee, Hatural Gas Rate Design and Trapsportation Polley under Deregulacion
&nd Uncertainty, (Columbus, Ohic: The Hatiomal Begulatory Hessarch
Inseivute, 1986, pp. 85-106).

173



allocation procedures, and (2) the role of weather randomness in the optimal
determination of the supply mix and the rellabllity of service to firm
customers. The proposed model iz cast as a partial equilibrium pricing
model, involving the optimizationm of supply mix, the Monte-Carlo simulacion
of gas purchases and usage by firm and interruptible customers, and a
financial and pricing amalysis that computes new rates in order to meet the
revernue requirement. This sequence of calculations is repeated until
equilibrium rates are achisved under the selected policies.

An overview of this model is presented first. Its detailed structure
is deseribed next. The description ineludes the principal features of a gas

demand, & supply cost minimization, & Monte-Carle dispatching simulation and
a rate design submodal.

rrerview of the Model

The GASHMIX model can be used to analyze the sffects of alternative
reliability and cost allocation policies on firm and interruptible retail
rates, The model finds an equilibrium rate for each end-use sector which
iz, in effecc, the intersection of that sector's demand and the
corresponding regulated supply curve, The resulting regulated rates are
functions of the quanritiss demanded, the service reliability, and the coest
allocation procedure selected. A general flow diagram of the model is
presented in figure D-1,

Exogenous data, assumptions, and policies are the basic Inpucts to the
model and Include (1) parameters (e.g., elasticities) that characterize the
structure of the firm and interruptible gas demand curves; (2} paranataré
that characterize the set of potential suppliers of gas to the distributiom
utility (e.g., demand t:h.argun. commodity rates, and minimuwm bills}); (3)
parameters that specify the utility’'s operations, economics, and finances
(e.g.., rate base, allowed rate of return, mon-supply operating costs); and
(&) paramaters that decermine the selected reliability and cost allocation
policles (e.g., acceptable curtaillment rate for firm customers, share of
filxed costs allocated to interruptible customers.)

Initial end-use rates are selected arbitrarily and are inputs to the
formulation of the firm and interruptible gas demand curves, which then
depend only upon the random degree-day varlables, These random demand
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EXOGENQUS DATA, ASSUMPTIONS, AND POLICIES
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Figura D-1. General Flow Diagram of GASMIX
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functions are next used In the formulation of a chance constrained, supply-
mix cost minimization submodel, which explicitly incnrpnratéﬂ the selected
service reliabhility for firm customers. Given a set of potential suppliers,
each with its rates and other supply conditions, the submodel selects the
leagst-cost gubget of these suppliers, sccounting for demsnd charges, and
commodity charges as well as for anmy penalties related to minimm bill
condltions, subject to satisfying the gas demand of firm customers with a
glven probabllity (i.e, rellabilicy}, The outputs of thils cest minimization
submodel are essentlally the demand contracts with each selected supplier.
These contracts, which specify the maximum dally amount of gas that may be
purchased from each supplier, are inputs te the Monte-Carle simulacion
submodel, where the process of gas purchasing asnd dispatching to customers
is sisulated over a large number of years. The weather component of monthly
demands iz selected randomly from a set of numbers that are diseributed
normally with a specified mesan and variamce. The outputs of this simulatien
including the expected (that is, average) values of the purchases from each
supplier and of the corresponding costs, are inputs to the cost analysis
submodel, where all costs are allocated among the various end-use sectors
according te the preselected cost allocation pelicy. The end product of
this analysis is a set of new firm and interruptible rates that would
recovar the expected revenue requirement. These new rates are then inputs
to the next cycle of calculations, starting with the formulation of new
demand curves. This cycle of calculations stops when eguilibrium rates are
obtained, that is, when rates do mot change from ome iteration to the next,

Structure of the Interruptible Rate Design Model

This section contains a technical description of the rate design model,

It ia divided into four subsectlons that correspond te the four modules
shown in figure D-1,

End-Use Gas Demand Structure

Gag end-users can be divided into two broad groups--firm and
interruptible customers. Firm customers require continuous gas provision

and may be curtailed only under exceptional circumstances, for example, a
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pipelipne breakdown or extremely cold weather. They are customarily grouped
into three more and less homogeneous sectors--residential, commercial, and
induscrial. Interruptible customers are generally large industrial or
commercial concerns with dual fuel-burning capabllicy. The subseript s is
an index, from 1 to 5, of the firm customer sectors, whereas I Iz a
subscript denoting the interruptible customer sector. The year is
subdivided into M homogeneous subperiods denoting by the index m, The gas
demand of each sector during each subperiod is a funcetien of that sseter's
slze (8.g., number of customars), the prices of gas and alternative
competing fuels, and weather conditions whiech have a random component. The
heating degree-day variable best expresses the effect of weather on gas

demand, The general formulation of the demand functions for pericd m Is
asgumed to be:

B B Hl} s=1=5 , (D-1})

sm am am am

v Ry R)
om' “m' m

nh - D ':le‘ P (D-2%

Im

where:

Dn- = gaa demand by firm sector s during period m,

DIn = gas demand by the interruptible sector during period m,
P

S price of gas to sector s during period m,

=)
I

Im price of gas te interruptible cuscemers during peciod m,

Fadl
]

om = Price of the alternative fusl (e.g.. oil) during period m,

ES
|

number of heating degree-days during pericd m, and

B = supply rellability (or interruptiblility)} to interruptible
customers during peried m,

Chance-Constrained Cost Minimization of Supply Mix

The supply mix problem is basically that of optimally selecting the gas
suppliers and the corresponding demand contracts in such a way as to provide
gas to all customers at least cost, where cost Includes all commodity and
demand charges and any penalties dus to minimum bills. If gas demands were
known in advance and were stable from year to year, the supply mix problem
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would be reduced to a simple linear program very easy to solve. However,
demands are stochastie, and the determination of the optimal contracts as
vell as purchasing patterns has te be made under uncertainty conditions,
leading to the formulacion of a chance-conastraimed programming model. The
determination of the least-cost purchase mix 1z further complicated by the
possibility of gas storage, which the distributor may operate directly or
rent from other companies. Gas can be injected Iinto storage during off-peak
summer months and withdrawn during winter, enabling the utility to contract
for & lesser maximum delivery rate, and hence to reduce demand charges.
Storage is part of the least-cost supply mix if its cost is smaller than the
decrease in demand charges.

In the following discussion, it is first assumed that end-use demands
are konown with certainty, from which is cbtained a deterministic versiom of

the optimal supply mix model. Demand randomness s next introduced, leading
to the formulation of a chance-conscralned programming model.

The Determiniscic Model

It is assumed that the uclilicy can purchase gas from N suppliers
danoted by the index i. For purposes of deseribing the model, these
suppliers are called pipelines since the following sat of parameters are
generally positive numbers when the supply source is an interstate pipeline.
Other sources, however, such as a spot market or a distributor's owm
preduction, can be Incorporated inte the model by speclfying some parameters

to be zero, for example.

The wvariables and their definitions are:
Elm = gas purchases from pipeline i during pericd m,
Di = maxisum daily deliveries from pipeline i (demand eontract), and

Tim = maximum of the actual purchase and of the minimum take from
pipeline { during pericd m.

The parameters are:
HE = number of days in period m,

ti = minimum percent take from pipeline i,
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Dl = maximum demand contract with pipeline 1,
Gi = commodity rate of pipeline i, and
GE = demand rate of pipeline i.
The total Filrm demand during peried m is definad by:
e o (D-3)
I

Let the storage flows be defined as follows:
SIu = gtorage injection during peried m, and
SU- = storage withdrawal during period m.

Periodic storage injections and withdrawals, together with storage capacity,
can be viewed as decision variables.? Im the present model, however, these
are treated as exogenous parameters, that is, the existing scorage capacitcy
cannot be expended and the injection-withdrawal schedule is predetermined
and is to be adhered to, whatever the pattern of gas demands.

The constraints of the determinisctic model are related to the maximum
periodic purchases, te the endogenous determination of the variables Tiu.
and te the balance between supply and demand (while accounting for sterage
flows), with

5, -~ HD <0 fmll, w1l , (D-8)
S {1, mel-¥ ,

(D-5}
T, —CND >0 f=l+N, mele¥
N
ifl S, = rr: +SI_ -0 . (D-6)

The total cost of gas purchases 1az then

* Sea, for instance, J.M. Guldmann, "Supply, Storage and Service
Belliability Decizions by Gas Distribution Utilities: A Chance-Constrained
Approach,” Management Science, August 29, 1983, pp. BB4-906.
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=1 el
The determinisctic model is the linear program consisting of the
objective function (D-7) and constraints (D-4) to (D-6). This model selects
the walues of the wvariables Dl' Elm' {and Ti-j that minimize the total
purchase cost © subject to the constraints.

The Chance-Constrained Modal

The linear program presented in the previous section is essentially an
ex-post optimization model, where the end-use gas demands are assumed to be
known. In actualicy, however, gas demand depends upon weather, which is mot
known in advance. Despite this uncertalnty, declsions must be made during
each perlod sbout levels of gas purchases from the different suppliers and
allocations among the various end-use sectors, including the need for
emergency curtallmenc, In addicion, the demand contracts must be fixed
before the annual cycle of operations starts. The basic problem is then to
decermine the demand contraccs and to devise operating rules, which
recognize the random character of gas requirements and which are, in some
economle sense, optimal .

One approach is to solve the deterministic model for a large number of
randomly generated gas patterns and to infer some rules and principles from
tha results., Chance-constrained programming (CCP) is an alternative, less
cusbersome approach.? One major advantage of CCP is the possibility of
introducing reliability constraints explicitly. Another is that optimal
decision and management rules can be derived in some cases. The
deterministic model just presented can be transformed into a chance-
constrained one as follows.

The price of gas and the price of the alternative fuel are exogemous to

the optimal supply mix model. Consequently, the aggregate firm demand Hi

A See, for instance, A, Charnes, and W.W. Cooper, "Deterministic
Equivalents for Optimizing and Satisfying Under Chance Constraints,”
Operacions Besearch, 11, 1963, pp. 18-39,
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only depends upon the random degree-day variable Km, as does the aggregate
gas supply E:, with

, - F

5 = lfl S, =D (X)+SI_~-8si , ({D-8)
(v} iy

T T

8L -8 R Y (D-9)

Givan Hm, and hence 5:. the individual purchases ElmFin be determined
if the optimal wvalues of the contracts Dl are knowvn, along with the minimum
required purchases Hmtlnl' The optimal values of Eim' than, are the natural
outputs of an economic dispateh analysls. The least-cost dispatching of gas
purchases {s similar to that in traditional electriclty dispatching with the
exception of the treatment of minimum purchase obligations., With this
constraint, the least-cost sequence 13 to take gas Iin the order of most
expensive gas first until minimum purchasze requirements are fulfilled and
then in the order of least expensive gas firsc, afterwards. Because of tche
minimum purchase requirement constralats the sequencing, the dispatch rule
is optimal enly in a second-best sense. In a general form then

T g =
8, =F. (5, b &5 By, (D=10)

where D, £°, © are the vectors of the variables Dy, and the parameters G; and
I:1+ Ag the latter are taken as given, it follows that

"I' =
80 = Fym (50 f) = Ry (x,. ). (D=11)

The wariable Sim depends upon the random wariable R-, and hence is a
random function of D, and has a probability density funetion Pim{ﬂil}- Let
F:iﬂ be the probability that the supply 51- takes on & value less than or
equal to the minimum take Hltini, with

- 1%
Pin = Py (%) dv. (D-12)
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The total expected cost of supply is the sum of (1) the demand charge,
(2) the penalcy assoclated with purchases below the specified mipimum, and
(3} the usual commodity charge for purchases above the minisum, eor

N o F H

in
E(C) - T12¢. D, + B X €N t, D, P
b e e T e M e
o (D-13)
LI S f
+ 2 % € 8, P(5, ) 45, .
o T | 1Hmt1“1 im im im

Minimizing the expected cost is the usual eriterion when dealing with
cost minimizacion under uncertainty, Fundamentally, the expected cost
{(D-13) is a function of the demand contract varisbles D. These may have
upper bounds related to the physical and other characteristics of the
pipelines, and the optimization problem can be reformulated as

minimize E[C(D)] (D-14)
subject to: D < e (D-15)

However, the above problem cannot be solved as such because the supply

functions Flm and the probability functions P cannot be represented In

im
closed form. As an alternative, the Functions Fiﬂ can be approximated as

linear functions of the necessary aggregate supplies ﬁi, with
S ™ By 3 ¢ (D-16)

The coefficients a,, are decision variables to be determined endogenously to
the model, with of course the constraint that

N

oA, =1, (b=-17}
fml im

Equation (D-16) is a first-order approximation of the true function Fim

which can be interpreted as a Taylor series expansion truncated at the
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flrst-order level, In a nonscochascie framework, the maximum supply
constraint for each suppller and pericd would require that

Tenwp, . (D-18)

EE is & random variable, however, and hence constraint (D-18) is likely to
ba violated under at least some circumstances. The Erequency of such
constraint violations may be explicitly incorporated into the model by
transforming {(D-1B8) into the chance constraint

mSE ~8D, 20) 2 1la, (D-19)

PFria
where @y Lz the probability measure of the extent to which comatraint
violations are permitted. As such, the Oy is the relisbility level for
pipeline service i in month m which is & parameter to be selected as an
input to the everall modeling analysis.

In practice, a chance constraint sust be transformed inteo a
nonstochastic equivalent ome. In the above case, consider the random
variable

T

Va3 —=HD . (D-20)

Its expected valus and scandard deviation are
E(V) = nqu{H:] = Hmni , and ({D-21)
I
g(V) = o diﬂml ' (D-22%

The wariable V is normally distributed, as is demonstrated later. Let z
im
ba the walue of the standardized normal wariable z so that

Pr{z<z } o= 1l i (D=23)
[+ § im
im

As z=(V-E{V)) o(V), it can be shown that constraint (D-1%) is
equivalent to the deterministic constraint
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a, [E(SD) + %, o(s1)] ~ N D, <0 . (D-243
m

Constraint (D-24) is linesr, with unknowns Bym and Dl' As the storage flows
Slm and Eﬂﬁ are deterministic parameters, we have
T F _ I
E{Em} - E(D-] + EI- EH- . {D-25)
T F
n[ﬂm} - u[Dm] I {D-26)
In addition to the above constraints related to the violations of
Individual demand contracts, It is necessary to consider the aggregate
supply capaclity constraint

N
T
Pr(s_ <N ZED,)z1-8_ ., (D-27)

=1
vhere ﬁm is a parameter representing cthe monthly, overall system supply
reliability level for firm customers., The deterministic equiwvalent of (D-
27) is

N T T
ﬂﬂ hi = E[E-j + I# 0{5.} . (D=-28)
{=1 =
ar
N g D E(DF) + z, o(DF) + ST_ - 5w (D-29)
m 12 m :ﬂm m m m 2
i=1

Chance constraint (D-27) is redundant and superseded by chance constraints
(D-19%, if, and only if,

]

121 (==, ) 2 (18) . (D-30)

This possible redundance thus depends upon the selection of the policy

paramecers o, and ﬂﬂ,
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Further approximstions to the basic model (D-14) - (D-15) must yet be
made to render it computationally tractable. Indeed, the commodity charge
and minimam bill penalty components of the expected cost E{C) in equation
{D-13) cannot be used a3 such, Instead, they must be replaced by the
expected commodity cost computed over the whole supply range and a penalty

asgocisted with the difference between the minimim purchase and the average
supply. The expected commodity cost is

L
E{C,}) = E E € /sm B(S; JdS,
i=1 m=l
B {D‘31:|
N oM H oM
T

- T B OC ES Y= E Z G s, E(5))

e S A

In order to introduce the penalty component inte the cbjecclive
functien, {t i{s first necessary to add the following constraints:

== E - ¥ ol - - -
um;ini uimE{SE} im  Xim for i=1-+H, m=l1-H, {D-32)

+
*im =0

Xim = a
where xI- and :im are nonnagative wariables to be chosen in the
cptimization. Any expected penalty is associated with the excess varilable
+ T
Xym only (that is, whenever ai“Eﬂsm} < Hmtiﬂi} and iz defined n{

R M 5k
Pow £ F Coo% (D-33)
B ol * 18

The expected supply cost is finally approximated as

N B N M - T +
E(C) - ¥ MC, D, + © E €] [a,_ E(S_ +x__] . {D-34)
=1 L L s iy + AW m im

E(C) is linear in the unknowns Di' Ay and :In. The CCP is chus reduced to
a4 linear program with the cbjective function (D-34) and the constraintcs
(D-24), (D-29), (D-32), (D-13) and (D-17).
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In the CCP supply mix analysis, optimal demand contracts have been
determined while approximating the exact dispatch functions {Fim} and the
penaltles associated with minimum purchase obligations. The purposes of the
Monte-Carle simulation submodel are (1) to account for the implications of
the true dispatehing and penalties, and (2) to introduce the role of
Interruptible customers into the analysis, One very important conseguence
of the latter is to reduce or eliminate the minimum purchase penalties that
are more likely to occcur if a distributor has only firm customers. Second,
interruptible customers may pay for some fixed costs (the demand charges are
axamples), the burden of which would otherwise be seolely borme by firm
customers. The interruptible customer class share of fixed costs is a
policy parameter in thiz model.

The Monte-Carlo simulation approach is appropriate because of the
random character of gas demands. The monthly simulation is repeated over
several years, and key policy outputs are them averaged to find expected
values, A sequence of computer-geperated random nusbers is used bo compute
& sequence of random heating degree-day varisbles I-, from which thea firm
supplies and interruptible demands, nsm and DI-' may be found. WNext, total
firm supplies are computed according to equation (D-8). The other inputas to
the simulacion are the demand contraccs Di, the suppliers’ commodity rates,
and minimum purchase percentages. The following steps describe the
remaining analysis for each momth of the simulation perioed:

Step 1. The total firm supplies ST are compared to the aggregate uf
the maximum and minimum purnhuu Il-'“‘ and D#in which are

defined as:
N
n;‘lf"‘- = PR (D-33)
(] {=1 i'm
N
in
D '= E DN E, . (D-36)
Tm jmp @i
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I£ E: - ﬂl:f the available supplies are insufficient and

eurtailments are necessary. In this case, step 2 is next.

If 5: L D;:n,fitn customers are unable to use the minimumaggregate
purchase requirement, amd if the slack cannot be used by
interruptible customers, minimum bill pemalties must be paid.
Inthis case, step 3 is nmext. If D;;nt 5: < D;:I. no penalties
areassessed, and there is still gas avalilable for interruptible
cugtomers, Go to step & for this allocation.

Etep 2. Customers are curtailed up to their demands {D’m} in the
following order: industrial, commercial, and residential. Let
{D:_j be the actual gas provided to sector s during pericd m, For
descriptive purposes later, the amount and rate of the
curtailments can be computed as

a

E“f:n - D’- == D:n . {D-37)

Pcut" - Gurﬂmfﬂtm - {D-3B)

In this situation, no gas is available for interrupctible

customers, and D;m = 0, Gas purchases §yq can be subdivided Into
four components which are

= amount of gas purchased for firm customers below the
minimum taks {tiﬂmni},

= amount of gas purchased for firm customers above the
minimum take and below the maximum take (N D),

im = amount of gas purchased for interruptible customers
below the minimum take, and

im = amount &f gas purchased for interruptible customers
above the minfimum take and below the maximum one.

It must be trus that

1 2 3 &
st“ - si_ + 51- 4 Ein + sin : (D=-39)

In the present case, theses components are
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1

Syp = t4N.Dy f=1-N ’ (D-40%
2

Sy ™ {1-ti}Nmn£ i=1+H . (D-41)
3 Logb

iy ™ Sig = 0 {=1-N : (D-42)

Bupply costs are computed next In step 3.

Step 3. All firm customers are provided their requirements, Suppliers
are ranked in decreasing commodity rate {Ei} order, Assume that
the minimum purchase requirements of the firsc N, suppliers are
necessary to provide firm customers’ needs. Then

E1

o = E N D 1-1+8,-1 (D-43)

N, -1
ST - 5T — é e N D 1=H (D-44)

im m i3 i

-1

B =0 1>N (D-45)
in 1
and

sim -0 {=1-H | (D-46)

Hext, interruptible demand, DIn' is fulfilled up to the minimum
purchase requirements in the same order, For instance, if

1
nlﬂ > tIH-Di = Si- for 1—31 , then
53 = E,H D, — 51 i=H (D=-&T)
im I'mi im i

and the remaining interruptible demand is satisfied up te the
minimum purchase requirements of the remaining suppliers. Thus

3
51. = tiHIDi iz Hl - (D-48)

If all minimum purchase requirements are fulfilled, (i.e.,

Eiﬂ - EIHIDi’ i Hlj, then the remaining interruptible demand is
satisfied with available gas supplies above the minimum and below

188



the maximum purchases. This allocatiom, however, iz in
increasing commodity rate order. Assume that the flrsc NE
suppliers are to be used. Then

[
siu - {L—ti}ﬂ_ni 1-1431—1 . (D-40)
4 i |
sil - DIn - ?fl tl—-tj}nmﬂJ i-ﬂz . ({D-50)
i
sil = 0 i “: ; ({D-51%

Supply costs are computed pext in scep 5.

Step 4. All firm customers are previded thelr requirementa. All

minimum requirememts are purchased for firm customers, hence

I

Sim - :1Hlni {=1-H ; (D-32)

8 =0 1=1-N {D-53)
im .

The remaining firm requirements are allocated next to suppliers
in increasing commodity price order. When all firm requirements
are allecated, interruptible demand is allocated te any unused

supplies in the same priority order. Supply costs are computed
next in step 5.

Step 3. Compute the commodity charges, aszszoclated with the actual

k
im

supplies 5 as
]
. c? st (D-54)
i=-1 -

The actual penalties, if any, for violating any minimum purchase
requirements are

N
= I Ct Max (O, t

cpen
i=1 i

1 3
: MD, =85 —S; ) . (D-55)
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After the abhove steps are repeated for the M perleds of the
current year and for the NY years of the simulation, wvarious
average values are computed. The average curtailment wvolumes and
rates are policy evaluation criteria that are used after a price
equilibrium iz achieved, The average purchsase costs and actual

gas dispateching are used in the rate design submodel described in
the next section.

Firm and Interpuptible Gas Rates Design

The rate design submodel replicates; in a very simplified fashion, the
calculations that are performed prior to rate case proceedings when the
utility requests a change in its retail prices in order to achieve an
appropriate rate of return on the net value of its plant in service (or
ratehase) .

Most costs belong to one of two categories: peak-related (PR) and men-
peak-ralated (KPR) costs. PR costs include operatimg and plant costs
related Co storage, transmission, and distribution in part, as well as the
corresponding depreciation costs, Demand charges are also part of PR costcs,
NPR costs include (1) operating costs related to customer accounts, customer
services, sales, and distribution in part, (2} plant eosts related to
discribution, and (3) depreciation costs. Commodity charges, including any
minimum bill payments, are Included in this category. A third cost category
includes costs related to administrative activities, to taxes, and to the
general plant. This is a hybrid category, the allocatiom of which depends
upon the allocation of FR and NPR costs.

The first step In the cost allocation process is to compute the costs
to be charged to interruptible customers, which include

{1} tﬂ: commodicy cost of actual purchases by interruptible customers,

a

(2} a share, called ShI. of all other costs of service (CO8), including
all demand charges, but excluding the commodity cost of purchases
by firm customers. The total amount of cost allocated to
interruptible eustomers is

Hoa o
CTy = I (E_ + C)) + shy (cos) , (D-56)
m=1
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where & bar over a variable denotes its average value from the Monte-Carlo

simulation. The total average annual gas sales to interruptible customers
are

"

a =a
Do, = ED._ . (D=57)
IT p 1m
The ex-post average price that recovers ETI is then
a
Qs s b

Hote that the interruptible rate is constant across all M pericds., The
interruptible customers’ share of fixed costs (CO5) ls a basic poliecy
pacameter., If thiz share is zero, then interruptible customsrs pay only the

commodity cost of the gas specifically purchased for them;, and none of the
remalning fixed and variabhle costs.

Once GTi has been determined, the remaining costs must be allocated
emong the firm customers, PR and WPR allocation factors are computed as

follows, Lec p be the peak period for aggregate firm sales. Then the peak-
related alleocation factors are

g
FP, = D!P,l’ O s=1-5 . (D-59)

s=1 *P
The non-peak related allecatlon factors, based on average annual sales, are

M 5 M
= B &
.=t E D Y2 B K g=1-+5 . (D=&0%
- m=1 . gw] me] -

Lec Cﬁlh be the costs allocated to firm sector = by applying the allocatlion
factors FP_ and FYE to PR and NPR costs, respectively. The allocatiom
factors for the hybrid cost category are then

5
FH = CAL /{ E CAL ) s=]1-+5 , (D-61)
8 -} 5
s=1
The factors are used to allocate hybrid costs. The total costs allocated to

sector 5 is denoted EﬁLE. The ex-post average prices guarantesing cost
recovery are then
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I H a
P! - GA.Ll jtnfl ﬁ!l} s=1-+5 (D-62)

Hoce that, as for interruptible ractes, prices paid by firm customsrs

are constant across the M periods, The end-use rates P’ and Po are pext

compared to the same rates as cbtalned at the end of the pra?iéuu cyele of
caleculations, If the absalute value of sach of the differences is le=zs than
some pre-determined threshold ¢, price equilibrium iz considered to be
achleved, and the calculations are terminacted. Otherwise, these prices are
used to begln a next cycle of calculations, starting with the formulatiom of
new gas demand curves,

In essence, the NERI model determines the least-cost supply mix and
dispatching order of these supplies for a natural gas distributor under
conditions of demand uncertainty and reliability constraints. The
optimizacion technique emploved is chance-constrained programming. The
novel feature of the model 1s the equilibrium decermination of average
supply costs Iin a Monte-Carle simulation that includes minimum purchase

requirements and the associated dispatching to meet random realizations of
demand .

Operating Procedure

GASHIX has besn developed and tested on the IBM 3081 computer system at
The Ohio State University. CASMIX consists of a single Fortran Source
Program, an input data file, an output data file, and an assoclated set of

JCL (Job Control Language) scatements. The operation of GASMIX requires the
following steps.

gtep 1. Frepare an input data set.
Step 3., Store the data in a computer compatible format on a disk file.
Step 3. Bun the program.

Each step in the above procedure is discussed in more detail below.
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Prepare an Input Data Set

Tha data required to run GASMIX can be classified inte following
Eroups;

Utility Data

Suppliers’' Data

Market Demand Data

Storage Data

Computational and Other Parameters

a o o 49

The data may be collected frem distributers, suppliers and state
commissions. Annual reports submitted by utilities te state commissions and
FERC also serve as excellent sources of data. Individual items of data are
diseussed in the next section,

Scers the Data in a Computar-Compatibla
Fermat on a Disk File

Once data collection is completed, it must be converted to a format
consistent with Fortran data entry requirements. The follewing is a general
descriptien of the input data file used by GASMIX. The general format for
the file is shown in cable DB-1.

The first ten lines are reserved for descriptive information that
ldentifies the file. The information may include the name of the utility,
the study peried, the scenario being tested, ete. It is recommendad that
the first and the last lines among these ten bae kept blank for ease of
reading. These ten linea are ignored by the program and have bsen provided
te ald the user.

After the first ten lines, the data are arranged in five blocks, each
block representing one group of data (e.g., market demand data). Within
each bleck, the first three lines are reserved for identifying the data

group, The firat and the third of these lines are kept blank for ease of
reading.
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TABLE D-1

GENERAL FORMAT FOR INPUT DATA FILE OF GASMIX

oo aoo G (o N e NN

0

Ch O30

blank linm

8 lines of descriptive information on the utility, study year,
ecenario, ate.

blank lina

blank lina

identifying information on first block of data <{e.g., utility data)
blank lina

descriptive identifiers for data items (a.g., storage D&M, trans O&M,
ate,

blank line

numerlc data for the above data {itcema

-

blank line
dascriprive idantifiers for data items
blank line
numarie data for the above data ltemsz

continue until all data items in the first block (group) of data is
axhausted

repeat for the remaining blecks of data

Source: Authors' analysis.
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Hext, there is a similar group of three lines containing descriptive
identifiers for one or mora data items. This is follewed by actual numeric
data, These may be more than one line of such numeric data, This set of
data i{s continued until all the items on the descriptive data {dencifier
line are exhausted. This is again followed by the next set of data
ldentifiers and corresponding numeric data. This format continues until tha
next block of data is reached. Each block of data has the sams general
format as the preceding block. The bottom of the data file is reached when
all the items in all the bloecks of data have been entarad,

Tha format for all floating point numerie data is 4F15.4 and for all
integer numeric data 1s 4I3, This allows for a maximum of 4 items of data
to be entered on each data line. All data anterad betwesn successive
comment lines constitutes one row of data, One row may contain more than
one line of data. Explanation of data {tems (elemsnta) on each row follows.

Row 1 Element 1 Interruptibles share of cost of service (fraction)
Elemant 2 Customar share of distribution cests (fraction)
Element 1 The rate of return for tha distribution utility
(fraction)
Raw 2 Elemant 1 Operations and maintenance costs for storage
{dollars)
Element 2 Operations and maintenance costs for tranamission
{doellars)
Element 3 Operations and maintenance coata for distribution
{dollara)

Row 3  Elsment 1 Customer accounts expenses (dollars)
Element 2 Customer service and information expenses (dollars)
Element 3 Sales Expenses (dollara)

Row 4  Element 1 Administrative and general expenses (dollars)
Elemant 2 Depreciation expenses (dollara)

Row 5 Element 1 Storage plant in service (dollars)
Element 2 Transmission plant in service (dellars)
Element 3 Distributien plant in service (dellara)

Row 6§ Elemant 1 General plant (dellara)
Elament 2 Ratio of net/gross plant in service (fraction)
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Row

Row

Row

Row
Row

Bow

Row

Row

Row

Haw

Row

Bow

How

Row

Row

Row

Row
Row

7

8

9

10
11

12

13

14

15

16

17

18

12

20

21

Fir's

23
24

Elamant 1
Elamant 2
Element 1
Elamant 2

Elamants

Elamoncs

Elements
Elements
Elamantca
Elaments
Elements
Elaments
Elamencsa
Elaments

Elamenta

Elamént 1

Elements

Elamant 1

Elament 1
Elemencs

1-N

1-N,
1-H
B

1-N,
1-N_
1-4
1-4
1-4
1-4

lrﬂm
1-N_

1-N_

l-Hr

Income taxes (dollars)

Other taxes (dollara)

Humber of suppliers, N.

Humber of periods, N . in a year. Usually ene period
is a menth although periods of other duration can be
chosaen,

Commodity chargea for each of the N, suppliers
(dollars/MMcf). MMcf stands for million cublc feet.
Damand charges for sach supplier (dollars/MMcf)
Take-or-pay share of the demand contract for aach
supplisr (fraction)

Haximum contractible demand from sach aupplier (MMef)
Number of days in each period for N periods

Bage load coafficient (MMcf) for each customer class.
The four classes of customers are residential,
commeréial, induserial, and interruptibla,

Heating load ceefficient for each customer class
(MMef/deg. day)

Refarence level average prices for each customer
class (dollara/HMcf)

Demand elasticlty for each customer class
Dagrea-daya in each period for L parieds

standard deviation of degree-days in each period for
N periods

Total annual delivery to or withdrawal from sterage
(MMcf). Deliveriss are considared pu.iti#. and
withdravals are considered negative.

Delivery or withdrawal during each peried for N,
pariods (MMef)

Convergance cricarion, e, {(dollars/MMcf}, This ia
compared to tha gas prices of different classes of
customers (i.e., residential, commercial, and
industrial) at the end of sach iveratien.

Numbera of reliability levels, Hr {(integar)
Reliability valuss fer sach of the N, levels
(fraction).
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TABLE D=2
STANDARD NORMAL DISTRIBUTION FUNCTIONS
(Z-VALUES) FOR SELECTED RELIABILITY VALUES

Raliabilicy Z-Valua
0. 80 0.8B41R
0. 81 0.8778
0.82 0.9154
0.83 0,9542
0,84 0.9946
0,85 1.0365
0,86 1.0805
0.87 1.1264
0.88 1.1750
0.89 1.2263
0.90 1.2817
0.91 1.3406
0.92 1.4053
0.93 1.4757
0.94 1.5550
0,95 1.6450
0,96 1.7511
0.97 1.8814
0.98 2.0540
0.99 2.3267
1.00 3.9000

Seurce: Authors’ caleulatiens.

Row 25 Elements 1-H, Z-values for each of the reliabilicty values. A
Z-value is a standard normal distribution function
corresponding te a rellability. See table D-2 for
more information,

Row 26 Elements 1-N, GSelected system reliability for each of the N

periods.
Row 27 Elements 1- Selected reliability for sach of the N suppliers
NmH. during each of the Hm perioda, Tha first “m values

are for the first supplier. The next N values are
for the second supplier. This is repeated until all
the suppliers are exhausted.

197



Row 28 Element 1 Maximum number of iterations in search of equilibrium

Elament 2 Numbar of Monte-Carle asimulation yaars,
Elamentc 3 Saad for the random numbar gnnlrntnr,' It should ba a
number between 1 and 9999,
Row 29 Elemant 1 Run eptien as follows:

1: print input but de not run the program
2: print imput and run the program
3: do not print input but run the program
Elament 2 Dutput option as follows:
1: print tha selution on princer bur do not etore
any output on a disk file

2: print the solution on printer and stors output
on a disk fils

Run the Program

A series of Job Control Language (JCL) statements is needed te execute
the program, an example of which is listed in table D-3, It should ba neted
that (after the user prefix T53026) GAS.FORT is the Fortran source program,
INFUT . DATA is the input data file, and OUTFL,DATA ia the cucput file. Thesea
file names are optional and can be changed for different runs. In additien,
tha output file (OUTFL.DATA in this example) ghould be deleted if its name
is being roused for a run. The precedure FORTVCG on the IBM 3081 computer
syatem at The Ohic State University stands for compile and execute using the
FORTRAN-77 compilar. A similar or identical procedurse should be available
at other mainframe computer inscallations.

When the program is executad, the input data and the final selutien
are printed, In addicien, the solutions at each iteration and intermediate
results on cost minimization and dispatching simulation are alsc stored on
the output flle which can be examined later. The user can optionally

suppress the printing of input data and part of cutput results with a
spacification on the input data file as explained earlier.
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TABLE D-3
JCL FOR CASMIX

// JOB

// REGION=1024K,TIME=(0, 50)

/*JOBPARM LINES=6000

//GASMIX EXEC FORTVCG,TIME.GO=(0,50), PARM=‘NOSOURCE , NOMAP'
//FORT.SYSIN DD DSN=TS3026.GAS.FORT,DISP=SHR

//G0.SYSIN DD #*

//GO,FT10F001 DD DSN=T53026,INPUT.DATA,DISP=SHR
//GO.FT12F001 DD DSN=TS3026.0UTFL,DATA,DISP=(NEW, CATLG),
// UNIT=USERBO,SPACE={TRK, (5,1)},

// DCB=(RECFM=FB, LRECL=132 BLKSIZE=6600)

//

Bourca! Authors' analysis,

Sample Run

A sample run of the program follows. The input data uged for the run
are shown in table D-4 and resides on a disk file named INPUT.DATA. The
output congists of two parts. Part of the output iz printed on a printer
and another is atored on a disk file named OUTFL.DATA. The printer output
congiaste of input data and the final selution. The disk file steres the
solution at each iteratien as well as significant intermediate resulta,
Most of the input data have been explained in pravious sectieons. A few of
the input data items may require further explanation, which follows,

Hotas on Spscific Input Data Items

In the following sampla run, the demand functions n’m and BIﬂ {aaa

equation D-1) have been assumed to have the following forms,
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EL
Dym = (A, + BDD) (2 /Py Ely (p-63)
D, = (A, + B_DD ) (P,/P_.) Flg (D-64)
Im p il | I"El

where A : Base load coefficient (MMef) for customer sector s (Rew 14,
alemanta 1-3)

B_: Heating lead coefficlent (MMcf)/deg-day) for customer sector =
{(Row 14, aleaments 1-3)

DD : Degree-days in pericd m (Row 18)
P_ ! Price of gas (dellars/MMef) for customer sector s (caleculated)

: Reference lavel price (dollars/MMcf) for customer sectoyr &
(Row 16, alamance 1-3)

hIﬂ: Base load coefficlent (MMef) for interruptible eustemers (Row 14,
alement 4)

By ¢ Heating load coefficlent (MMef/deg-day) for interruptible
customers (Row l4, element 4). The interruptible demand is
assumed to be independent of weather and thereforae By 1s set
aqual te zere,

P ¢ Frice of gas (dollars/MMcf) for interruptible customers
(ealeulated)

F.yi Reference level price (dellars/MMef) for interruptible customers
(Row 16, slesmant 4)

EL_: Damand elasticity for customer seceer s

EL;: Demand elasticity for interruptible customers
A sample printout of the program follows. In this run, output

optien 1 has been chosen (table D-4, rew 29) which prints the solutien on
the printer but dees not stors any output on a disk file.
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TABLE D-4&

INPUT DATA FILE FOR GASMIX

Er GHHD DD | GEHYRE  RR R GAR R SN N NN LA R AREERE o AR
E AEC CAS COFFRRY

f }Efgrugﬁﬂrltrr Cosk

{c_::n;mn'-ia»mt-t-l PRRORRRE b R RGNS SN e R AR R SO D E o s o
E

(=m== mmee sow= ssss sseal:TIL]TY [ATA=== ==== csee scceo= ccew
1 INTERET SHF [F €0%, CLYTER SHE LF TISTE CSTy EATF TF FETLED
a.!.j Cul (i adh Celdl2d

E STORMGE O 210 My TFARS & AND B, CIETE f1 AMD M

EE 17000000 LLIL00 ALC00OCC.T

( CUSTMF ACC EXFRE, CLSTHR SERV ARD JKED EXFNS, SPIFT FYPNS
Ea £00000C0 .0 FC0CLLn.0 ACOCO0C-C

( ADMIN AND CEN EXPRE, CEFFECIATION EXPNE

{4 490D0COC.0 °  IZz0QCCC00.0

é STOFAGE PLART INSy TRANS PLANT INS, CISTP PLART JMf

55 E40000C0 .0 1250000000 LECCCO0CC.D

{ GENERAL FLAFTs FATIL CF FETACFL S FLAKT Tp €%

%ﬁ TEQDCOOC .G Cab0

( INCOCME TAXE®s LTHER TAXES

%? 4500000C G a6CUC000.0

((==== =m== ss== s=== ==S|FPLIEFRL? [LTh== ==== cces =e== ====
E RUMEFER [F TUPPLILES, KRLFEEF CF FEFICISCMCRTHE) 1M » YEAR

EE 3 12

¢ COMMODITY CHARCES FCR *LPPLIERS

Eﬂ 1980 .( ZECC.D 3C00.C

( DEMARD CHAFCES FOF fLFFLIERS

&ﬂ 1500 «( 2E00+0 €0

E TAKE=[R=PAY tHEFE [F THE DEMALD CORTEACT FOF SUPPI TFFS

51 0«40 .50 CsL

{ MAXIMUM CCMIRACTIELE CEMAND FECFK SUPFLIEFE

EZ 12C0.0 12C0.0 1C0=C

201



TABLE D-4 (centinued)

IKPUT DATA FILE FOR GASMIX

¢
E WUMEER OF DAYS IN EACH PERIODD (REAL NUMBER)

13 3518 Hﬂlg 30.0 30.8
0. 20« 30«0 A2
3“-5 35-5 35-a Bglﬂ

C
Ecr--. R weEES EREm h.“HﬁHHET DEH‘HD EAT*‘L_ e EE W .
E BLEE LDaAD CDEFFECIEWTS

éﬁ 2534.41 BEBT.09 A2B3:.80 £520.0

€ WEATING LOAD COEFFECIENTS

it 17463 7.038 3,829 0.6
REFERENCE LEVEL AVERAGE PRICES

o 5410.94 4577 .54 4520.18 429040
DEMAND ELASTICITIES

ET =0:22 =032 =0 b4 =1.5

C DEGREE DAYS IN EACH PERIDD

R 1 B ¢ S T

1wiite 136953 1046+ 8G3.5

{ STANDARD DEVIATION OF DEGREE DAYS IN EACH PERIOD

T I T B

; 145,58 129.5 115.3 12544
(Cm=== === === m=o= -o-STORAGE [ATAS== ==== === —=o= —oo-

E TOTAL ANNUAL DELIVERY/WITHDRAWAL (MMCF)

3o 62000.0

E STORAGE FLOW DURING EACH PER1DD

Bogger et Wi
-12400.0 -17836.0 -$330.0 588

| =

EONYERGEWCE CRITERION

c
EC“—'- s=== ===({0OMPUTATIDNAL AND DTHER PARAMETERE== ==== ====
iz 10.0
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TABLE D-4 {concinuad)

IKFUT DATA FILE FOR GASMIX

MUMEER OF RELIABILITY LEVELS
&

P LIAEILITY VALUVES

f.0 M &
8s G RE 297 C:96

Z=VALUES

i;z&? - * .
f gzl 2.054 1.8E14 1.7511

§ EETEG SYSTEM RELIABILITY LEVELS
b1
E SELECTED SUPPLIER RELIABILTY LEVELS

) |

I~

Ln

% Parsrey Mffwwwnrw\

g NO OF ITERATIONS, NO OF SIMUL YEARS, SEED FOR RANDOM NO GEKERATOR
E! “3 B00 lo0b

E RUN OPTIOW, OUTPUT DPTION

29 Z 1

Spurce: Authors' analysis.

203



ddddindendassdessss [ NP U T

FEEEEEAernEw

UTILITY DATA

EEEEEEE S R

INTERRUPTIBLES SHARE OF CosT

RAT

OPER AND MAINT STORAGE COSTS

QFER AND MAINT TRANSMISSION CDSTS
GOPER AND MAINT DISTRIBUTION COSTS
CUSTOMER ACCOUNTS EXPENSES
CUSTOMER SERV AND INFO EXPENSES
SALLES EXPENSES

ADMINISTRATIVE AND GEWERAL EXPENSES
CEFRECIATION EXPENSES

STORAGE PLANT IN SERVICE
TRANSMISEION PLANT IN SERVICE
BISTRIBUTION PLART IN SERVICE
GENERAL PLANT IN SERVICE

QF SERVYICE

CUSTOMER SHARE OF DISTRIBUTIDN COSTS

E OF RETURN
(MILLION %}
{HILLION 5}
(MILLION %)
[MILLION %)
tMiLLioN =)
iMILLION %)
fHILLION %)
(MILLIGN %)
tMILLION %)
fHILLION %)
(HILLION %)
{MILLION %)

RATIO OF NET/GROSS PLANT IN SERVICE

INCOME TAXES
OTHER TAXES

{HILLION %)
{HILLION =)

204

b AT A #dddsssssssstbnnans

F.B8goon
LR RF i)
B.123480
12.008000
i.pe0000
A5 . Fxgpen
A8 BEEoEE
}.EBRERE
1.008880
i, .mpEmEn
2. ODENBE
bl JODEEE
129, 000@EDN
4B0.FOEOOD
b FOEBRE
7.6EEEH
if,.FopemEn
SE.ramaon



FEENESNEEFEERER

SUPPLIER DATA

R R R W

3333333333333 NO OF SUPPLIERS = 3
53333333> WO OF PERIODS IN & YEAR = 12

SUPPLIER COMMODITY CHARGE (E£/MMCF?} DEHMAND EHEEEE_LE{EEE!E
i 960,00 1687, 78
F Jnee, ra isoE. B0
3 jfer.o8 a.80

SUPPLIER TAKE OR PAY SHARE OF THE DEMAND CONTRACT

EEEmE - NN o e =

i B.amgey
2 . EEnE
3 g BEpe

SUPPLIER HWAMIHUM CONTRACTIELE DEMAND (MMCF)

- - T T T T T R R R R R R R R R - ..

1 1260 .08
s 1ZE@ .88
1 g, 0@

FERIOD HUMBER OF DAYS

= o

0.8
.8
ag. B
8.8

ig. @
if.F

ig.g
ig.x
IE.F
iE.m
ag.m
3.

= @ =~ | o\ e R R e

- em e
o= B
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CUSTOMER CLASE

RESIDENTIAL
COMMERCIAL
IKDUSTRIAL
IHNTERRUPTIBLE

CUSTOMER CLASS

.

RESIDENTIAL
COMMERC [ AL
INDUSTRIAL
INTERRUPTIBLE

(AR LR NN RO

MARKET DCMAND DATA

AN ENFRERAR RS

BASE LOAD COEFFICIENT !HHEFi

cB34. 4100

nay.ooam
d283. 02008
LhOy, ooy

REFERENCE AVIRAGE PRICE (S/MMCF)

- - - e -

4977,
« 54
4520,

4977

id

18

igge . pQ

FERIOD

M OO < | 5 e R e

M- =

DEGREE-DAYE

_____ - -

GG . GEFY
248.2080

EE.Loaw

11,0888

la.a@8y
128.5088
371 .cHeg
F12.neeg
1&7) . 6088
1287 .7 008
1Fde. J@en
§92.5008

STD OF DEG= DAYS

K. SHEE
B8 . 3008
20,0008

B, ANEE
14.1008
42.1088
91, 1 FxE
06 . ey
145. 8090
129.6060
116, 3500
125, 4880

HEATING LOAD COEFFICIENT (MMCF/DEG-DAY)

174638
f.@3gg
1.8398
. R

DEHAND TLASTICITY

-g.2288
=&,3200
=i . GAEH
=1 .Gy



Ama IR EREEE

STORAGE DATA

rEEEEsEREEEE

¥3TOTAL ANNUAL DELIVERY/WITHDRAWAL (MMCF) = GIENE . DEO8

PERIQD DELIVERY{+ ) /YITHDRAWAL (=1 (MMCF}

______ =

1 8556 . 0000
879 .0008
9424, HOBE
DANE . PEEE
92368 .0000
6742, 0088
o4l FODE

=] | 036. 0008

= 2400 . BOBE

=] 7856 . FOEE
~9300 . FOFT

=11408, 0008

B o & -~ &6 & = Wb M

— e e
L

LR E E R R R R E R N RN R RS R R R AR R R AR R

COMPUTATIONAL AND OTHER PARAWMETERS

2223332 3CONVERGERCE CRITERION = 17,88 S/MMCF
322N0 OF RELIABILITY LEVELS = B

LEVEL RELITARILITY I=valLUt

[ 3 F 2.3267

2 g.9088 2.8040
3 g7 1.0014
4 ¥ 9588 1.7511
5 #.9508 1.6458
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1 1
2 i
1 |
i i
3 1
[3 1
7 1
8 |
9 i
18 1
Gl i i
12 |
SURFLIIR SELECTED RELIARILITY LEVELE FOR If fInidos
1 1 1 i | S | 1 1 i | ! 1 1
2 O T G U O S O
3 1 1 1 1 1 1 1 1 1 I 1 1

333555 %3 505 0HAY HO OF [TERATIONS = ir
3333333335N0 OF SIMULATION YEARS =  G&F
3»3»»SEED FOR RANDOM NO GENERATOR = |OBF

32333JRUN = 2 1 PRINT INPUT AND RUN FROGRAM

22322d0UT = 1 1 QUTPUT IE!ULTE ON FRINTER OHLY
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sihsbibbanhadnibddisssdtd OUTPUT RESULTSrdsdddd 443235243325 58524

ITERATION NUMBER i

LR R LR R R R R R R R R R R Y R L]

AGGREGATE PERIODIC LDADS

I E AR RSN AR RN AR RN RRNY ]

ol 4OAR. LHRER) b Rl Al
1 © 2E522.945 2822,304
2 13327.911 2461 BE7
i 7810.686 882,703
4 6709.706 261.993
B 6929.942 392,999
& 8761.7810 1173.39¢6
7 16768.272 2839.187
i 26264.504 2385.813
9 270,426 . 4P63.686

1y AFECT, FAT Jeg9.378
11 35565.271 3217.014
12 31278.614 3495, 185
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.'-'-'ﬂl“l'II'-I-l--lllIIIiiii----

ﬂPTlHAL SOLUTION CHARACTLRISTICS

*--‘-“"'i.'l"l'.IIIIIIIF'"“-‘--'..-

————— EEEES R, -

SUPPLIER SHARES IN 12 PER1ODZ
i F.41373 F.20964 9F.33588 ,.36125
W.36772 ©8,31266 O.3AB0P9 O§.37474
#.38519 @,33055 &#,39267 O.3010%
F3 E.GO@43 B, G635 D.58737 F.54619
J.548858 B.GB4E18 @,.G9FGN P_87427
#.B2479 B.E7143 P.5184)1 O.6E1BI
| B.BOENd B, )04F] O0.165705 @,@92EE
B. 18143 B,14128 @,1813]1 B.04GEH
d.898F: B.F9082 D.PBB93 O.1@713
DEHAND CONTRACTS
SUFFLIEH DEMAND CONTRACT lHHEF!DA?i
1 481,943
. EEZ.963
2 188,888
HINIMUM COST ANALYSIS
#22220BJECTIVE FUNCTION [TOTAL COET) = SEX.BI1799 MILLION 3
SUPPLIER DEMAND CHARGE (MILLIDN %) COMMODITY CHARGE (MILLION %)
1 B.GTE339 34B. 945214
2 2d.ifédzn E26.0B5804
) J.BEERERR 7E. 706233
SUPPLIER DEMAND CHARGE [(PERCENT) COMMODITY CHARSE [PERCENT)
1 2.48 87,66
2 i, 48 95 .88
7.08 \BR. B8
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SUPPLILR

SUPPLIER

-

SUPPLIER

1

z

1

SUPPLIER

e

£
-

L R R R T T T IR |

HONTE CARLD SIMULATION RESULTS

B L L T I L]

'---h————'I-lH-——Illll————T-l-LL _____

DIFFERENT CATEGORIES OF GAS PURCHASES

e e TN LT pe—

MINIMUM REQUIREMENT PURCHASES BY FIRM CUSTOMERS
FOR 12 PORIODS (MMET )

TEEE RS  ——— RS S - - RS -

E7dd, E7id. BTl ., E784. B784. 57084,
6784, 784, 874, §704, G784, G7Hd,
B744, B¥a4, B7dd, B744. 744, 074,
Brad, nFez. 67319, BFEE, B744, 654,
a, . i, #, g g,
8. g. . i, a8, g,

PURCHASES IR EXCESS OF MINIMUME BY FIRM CUSTOMERS
FOR 12 PERIDDE (HHCF)

EERESES S R -

2778, o8, 8. g 8. 8.

281, 8. B45. o4, 1200, 78.
B578. 6528, 196, 8. g, 1183,
E333. 216, 67489, 46RB. EERE 2416,
3088, 2991. 2837, 1818. 1671, 2884,
29497, 1676, 2925, ZB23. £998. 2533,

PURCHA BY INTERRUPTIBLE CUSTOMERS
A, FOR ?%sFEllﬂﬂﬁ {HMCF )

'- Il Bi ’1 Hl ’l
#'I Hi l' L] #T lEl

- l- F. ll #I
5: sif. g. 39, @, 84.
2, 8. g, g, g, 8.
2. E, 8. & g, g,

FURCHAEEE 1IN EXCESS OF MI

HIHUMS BY INTERRUPTIBLE
CUSTOMERS FER 12 PE EF )

oXx

DS (HHM
i, . . F. g J,
E;#I. E‘E. 1138, (] 1788, 2983.
1. . 34, 1316, 1469, s662.
I:l?. EAEE. ? Bz. 1939. 7K, 2863 .
" 9. 463, 14BZ. 1329, 136,
g. 12d@, : . 132 -4 d63.
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PERIOD COSTS OF FOUR CATEGORIES HEHEEEEE:EEE if!t&l?f-fl
1 56.073927 52.570287 §.EPE0EE 1@ .G2GB3E
2 E6.873927  30.3822080 0.POEBEE 1B .7F9B37
3 56, 073027 i, 953828 §.BEERDE  IF.261108
i EG.B73927 4,653236 # oEEnE B,446136
b 56.073327 5.013604 T 9.56B90)
i 86.873927 12.702048 ¢.EPEROE  1B.621168
7 EG.B7I927 32,329587 B.oo0Re8 18764798
8 £3.593327 i, B4B278 2. 244218 7 A09667
) 56.052496  13.170492 BL.E21431 1B.ETGEL4
1 £8.923720 b, 703292 #.148792 18, 470716
11 66, E7I927 42, 2432H85 F.EEORES  18.72466)
12 55,738708 10,907588 F.336649 1F.048418
e ORISR B
1 o BERERE
2 #.FEganE
3 g.2ee808
4 B EEFERE
n T
3 . BBORED
7 B.EooERR
B F.236308
1 0. BEEEEE
Vi F.B81487
11 g.epR0RE
12 F.EEGAOE
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e

GAS SUPPLY CURTAILMENTS

EEEEI SRR R

CUSTOMER CLASS GAS SUPPLY CURTAILMENTE (FRACTION) FOR 12 PERICDS
RESIDENT1AL g.ggng @ .@EEE O.DDBE P.DODF Q.DDBEF . BEEE
g.0008 QO.00P8 Q0.0008 0. BOOF & . DEEF 0.0000
COMMERT 1AL 8.q0080 @.90088 F.FEEE P.DEDE O .BENE O, BBBE
#.BE0F @.BPA@ D.PRPF Q.0008 @.09000 O.9PE@
IHOUSTR 1AL #,.0018 @.008F 0. .PPRF P GOBE 0. 0008 0,.0088
g.0p0F . 00PF ©.PEREF P.00R28 O0.0088 Q0. .0000
CUSTOMER CLAZSS GAS SUPPLY CURTAILMEWTE (MMCF) FOR 12 PERIODS
RESINENTIAL o.a ¥.8 #.08 H.5
Bl' FIH L L
[ B.8 g.g g.g
COMMERCTAL . g.0 a.8 g.8
g.5 B.8 F.g v.y
B.E g, i . ¥,
IHDUETRIAL 17.2 .8 #.0 g.5
x.8 a.8 g.a 0.0
g.8 B8 g.2 a.g

LA LBt Py g i L

ALLOCATION OF COSTS

3333>TOTAL DEMAND CHARGE= 33.,159768 HILLICON ¥

CUSTOMER CLASS COMMODITY COST (MILLION %)
TOTAL FIRM 941.273366
INTERRUPTIBLE 123.968¢11
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PEAK-RELATED

17.562264
IRERETL 000
7.400822

!

COST I1TEW PIAK=RELATED HON

PLANT COST (MILLION %) JI4,191672

0 & M CLOST (MILLION %) 14, EEROEE

DEPRECIATION (MILLION E} id.534478

CUSTOMER CLASS TOTAL SALES IN 12 PERIODS (MMCEF

RESIPENTIAL l12a@,.1 e089.7 J2439.3 2784.6
ZBB9.8 4642.4 9F13.2 14978.8

21272.3 236j0.8 28822.2 1BE16.8

COMMERC 1AL 438@.1 2573.5 1219.F 958.2
1883.3 189]1.3 Jag%. & GFif.d
B219.4 9148.5 BI42.B 7H19.5

IHDUSTRIAL AFAE & J869,2 3J1V0.1 Jg4).F
3F6B.] 3419.1 4294.5 G4E7.7
G7EH.F 7219.9 G659.7 61317.7

INTERRUPTIBLE ?696.9 2794.B 2797.9 2797.9
2797.3 3INMY.% EFST-l 2797.9
2704,7 279B.4 2782.4 2797.7

CUSTOMER GLAGS AMNUAL SALES VOLUME (MMCFE}

RESIDENTIAL 139815.6

COMMERC TAL £3311.9

INDUSTR 1AL L7REE. &

INTERRUPTIBLE 194082
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2323TOTAL FIRM ANNUAL SALES (MMCF) =

F2RIANNNIDIIIISANNUAL PEAK {HMHCF) =

CUSTOMER CLASS

_________ [ ———

RESIDENTIAL
COMHERC I AL
IHDUSTRIAL

*2COST ALLOCATED TO INTERRUPTIELE CUSTOMERS =

¥3CAF COST ALLOC TO FIRM CUSTOMERS

CUSTOMER CLAS

____________ -

RESIDENTIAL
COMMERC AL
INDUSTRIAL

CUSTOMER CLAEES

RESIDENTIAL
COMMERCIAL
IHDUSTR 1AL

COST ALLOCATION FACTOR 0

g.857
B.212
F.231

258992 .8

19970, 9

-
s
P
ma
a
=

ANNUAL

ALLOCATED COST INCL ENERGY COST (MILLION %)

64Z.454617

£48.36]1849
ZGB. 4450887

mEmEEEE S e ———

ALLOC COST INCL TAX, ADMN & GEN EXPNS (MILLION £}

—————— R R ENEREN RO
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TEF.B24372
ZBE.4438EK
381.718922



CUSTOMER CLAZS

REZIDENTIAL
COMMERC AL
INDUSTRIAL
INTERRUPTIBLE

CUSTOMER CLAES

RESTDENRTIAL
COMMERC AL

INDUSTR JAL
IHTERRUPTIEBLE

Z2.45
2.4d
2.69
e

PRICE AT CURRENT ITERATION [ZT/MMCF)

5364.38
f3a7z.98
§21d4.19
718,48
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