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EXECUTIVE SUMMARY 

The effects of marginal cost pricing on the demand for natural gas and 
on changes in the capital and operating costs of gas distribution utilities 
are important issues in the Public Utility Regulatory Policies Act of 1978. 
However, the analysis of these effects has been, up to now, considerably 
inhibited because of lack of relevant data and methods on which to base the 
calculation of these marginal costs, in particular the marginal capacity 
costs& It is the purpose of this study to provide data and methods for the 
calculation of these costs and for the evaluation of the impacts of 
marginal cost pricing policies@ These methods combine the use of 
econometric techniques and optimization/simulation algorithms. 

Econometric models of distribution plant costs have been developed 
using community-level data for four UeS. gas distribution utilities: Long 
Island Lighting Company, Columbia Gas of Ohio, Inc@~ Pacific Gas and 
Electric Company, and National Fuel Gas Distribution Corporation.. These 
cost models can be used for predicting future costs as well as for 
calculating marginal distribution capacity costs.. Some major commonalities 
emerge from the comparison of the different models.. Probably the most 
important one is the nonseparability of the distribution plant costs 
incurred to serve the different sectoral markets of the utilitY0 Such a 
result is not surprising in view of the complex and nonseparable linkages 
that exist among the different customers served by the same pipeline 
network.. The second most important commonality is related to the economies 
of scale achieved with respect to both residential and nonresidential gas 
salese The two previous results imply that the sectoral sales marginal 
costs are (1) decreasing with the sector's size, and (2) depending upon the 
size of the other sectorCs)$ Third, the population density variable turns 
out to be generally significant$ Finally, the Pacific Gas and Electric 
Company analysis has demonstrated the usefulness of accounting for weather 
parameters when the utilityi s service territory is climatologically 
heterogeneous .. 

The exact calculation of the marginal supply, storage, and 
transmission costs implies the development of a complex gas network 
optimization model& In view of the problems involved in solving a complete 
network model, a simplified, aggregate, and nonspatialized model has been 
developed to calculate these marginal costs. This model, cast into a 
linear programming format, yields time-linked (monthly) marginal costs" In 
addition, it has been embedded into a larger simulation model designed to 
evaluate all the implications of marginal cost pricing under alternative 
assumptions (maximum supplies, demand elasticities, etc@).. This general 
model has been applied to the East Ohio Gas Company.. The major results of 
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the optimization/simulation analysis are that (1) marginal costs highly 
depend upon supply conditions (maximum availability, charges, contracts, 
etc,) and upon various technological constraints; (2) peak-shifting 
problems are very likely to occur if distribution capacity marginal costs 
are wholly assigned to the peak period (month); (3) the excess revenue 
problem does not necessarily always occur, and its occurrence depends upon 
supply conditions, costs, technological constraints, financial parameters, 
and the price elasticities of the monthly demands. Although it would be 
highly premature to draw final conclusions from this partial analysis, it 
should be noted that the results do not clearly point out the superiority 
of a marginal cost pricing policy. 
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CHAPTER 1 

INTRODUCTION 

The theory and application of marginal cost pricing to electric 

utilities have been the subjects of much research and discussion during 

recent years, and following a tradition solidly established in Europe, 

various electricity marginal cost pricing experiments have been conducted 

in the U.s. There has been less discussion about applying marginal cost 

pricing principles to natural gas utilities, and such discussions have 

nearly always identified the relevant marginal cost as the commodity 

marginal cost;l that is, whenever an existing or new gas source is called 

upon to help fill the demand in a given system, the price for all gas 

sold in that system is set at the cost of this marginal supply. The 

marginal transmission and distribution capacity costs have often been 

dismissed as irrelevant because of an alleged excess capacity in those 

networks. 

Nevertheless, it seems that marginal cost pricing for gas distribution 

utilities is slowly coming of age. For instance, the New York Public 

Service Commission issued on September 17, 1979~ an opinion
2 

stating 

that the marginal cost of gas is a relevant consideration in gas rate cases 

and requested explanations of calculations and estimates for the commodity 

and capacity marginal costs at different times, recognizing the effects of con­

tract provisions with suppliers, storage costs, and plans for transmission, 

lR.A. Tybout, iYMarginal Cost versus Rolled-in Pricing for Natural 
Gas," Public Utilities Fortnightly, March 31, 1977. 

20pinion No. 79-19 - State of New York Public Service Commission. 
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distribution, and storage. The commissioners also stated their awareness 

of the possibility that marginal cost based rates might provide excess 

revenues to the utility, and of the need to deal with this issue should it 

arise. 

The effect of marginal cost pricing on the demand for natural gas 

and on changes in the capital and operating costs of gas distribution 

utilities is an important issue in the National Energy Act of 1978 

(see PURPA: Section 306 - Gas Utility Rate Design Proposals). However, 

the analysis of these effects has been, up to now, considerably inhibited 

because of lack of relevant data on which to base the calculation of these 

marginal costs, in particular the marginal capacity costs. It is the 

purpose of this study to provide data and methods for the calculation of 

gas marginal costs, with a particular emphasis on capacity costs, and for 

the evaluation of the impacts of marginal cost pricing policies. The 

proposed methods are illustrated with data obtained from actual gas 

distribution utilities in the U.S. They combine the use of statistical/ 

econometric techniques and of optimization/simulation algorithms. 

The remainder of the report is organized as follows: c..hapter 2 

presents general considerations for the estimation of gas distribution 

utilities' marginal costs and outlines the approach selected in this study; 

chapter 3 describes the rationale for the econometric modeling of the 

distribution plant costs and the results obtained for four different 

distribution utilities; chapter 4 presents an optimization/simulation 

model designed to compute monthly marginal costs and to analyze the 

impacts of marginal cost rates in terms of economic efficiency, energy 

conservation, and utility revenue requirements. The applicability of this 

model is illustrated with data from the East Ohio Gas Company; chapter 5 

concludes the study and outlines areas for further research. 
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CHAPTER 2 

NATURAL GAS DISTRIBUTION UTILITIES COSTS AND PRICING: 
GENERAL CONSIDERATIONS 

The purpose of this chapter is to analyze, in a general way, the 

problems involved in natural gas pricing at the distribution level, and to 

present the rationale for the methodology adopted in this study. In the 

first section, the theoretical underpinnings of marginal or peak-load 

pricing for public utilities are summarily presented. The next section 

reviews the principles of marginal cost pricing application to gas 

distribution. The third section describes the conceptually optimal 

approach to marginal costs calculation and the problems involved in its 

actual implementation. The final section outlines the practical methodology 

selected in this study. 

The Theoretical Rationale for Utility Marginal Cost Pricing 

The theory of marginal cost pricing and its application to public 

utility pricing have been discussed in numerous recent books and articles.
3 

Public utilities, in particular gas and electric distribution utilities, 

supply a commodity the demand for which is periodic and that is only 

partially, if at all, storable. What should then be the price charged to 

the users of this commodity? 

To simplify the analysis, consider a commodity with two distinct 

demand periods: an off-peak period Tl and a peak period T
2

, of durations 

3 
See, for instance, the "Symposium on Peak Load Pricing!!~ The Bell 

Journal of Economics 7,1 (Spring 1976). 
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1'1 and 1'2' respectively. Define the corresponding demands per unit of time 

for the commodity as Ql and Q2' These demands are charged at prices PI and 

P2 , and the demand function P1(Ql) and P
2

(Q2) are assumed to be known. The 

operating costs for the utility per unit of commodity produced are C
l 

and 

C2 , and the unit capacity cost is noted as b
2

. The utility's capacity 

must be able to provide the peak demand Q2' and under the assumption that 

no reserve margins are necessary, this capacity is taken exactly equal to 

Q2' The total cost for the utility of producing (Q1,Q2) is 

(2.1) 

The net revenue for the utility - or the producer1s surplus (PS) - is eatial 
to the difference between gross sales revenue and costs, with 

(2.2) 

The net consumers' surplus (CS) is equal to the difference between their gross 

surplus and the cost of obtaining the commodity, with 

CS 

The total welfare function (W) for both the utility and its custQ~ers is 

the sum of the above defined producer's and consumers' surpluses, with 

The above welfare W is a function of the commodity quantities Ql and Q2 
produced and consumed 

(2.5) 

The optimal production/consumption situation is reached when W is 

maximized, i.e., when the partial derivatives of W with respect to Q
1 

and 

Q2 are equal to zero. Such conditions are restated as 
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o (2.6) 

o (2.7) 

or, after simplification 

(2.8) 

(2.9) 

The interpretation of equations (2.8) and (2.9) is that 

(1) the off-peak price should be set equal to the off-peak unit 

operating cost, which is also the marginal off-peak operating cost, 

(2) the peak price should be set equal to the sum of the marginal 

peak operating cost and of the marginal capacity cost. 

In the above example, linear cost functions have been used for the sake of 

simplicity, and therefore average and marginal costs are equal. However, 

if nonlinear cost functions are used, then the results are valid only with 

the marginal costs, hence the "marginal cost pricing" term. 

The above theoretical framework will be useful for understanding the 

optimization/ simulation approach presented in c'hapter 4. However, it 

clearly fails to account for various important real-world features of 

public utilities. First, it is clear that no public utility is character­

ized by a homogeneous production capacity. Electricity can be produced by 

different types of generators (coal, nuclear, oil, gas) with different 

operating and capacity costs. A gas distribution utility can purchase its 

gas from many different suppliers with widely different prices and 

contractual requirements, as well as extract gas from the ground or 

manufacture it (propane plant). Also, storage may be technologically 

feasible. Second, the demand for such commodities as gas or electricity 

varies daily, weekly, and seasonally, and therefore the number of relevant 

demand periods is considerably larger than in the above example. Third, 
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this demand, even in a given period, is uncertain (it varies with weather 

and other random factors), and so is the supply because of equipment failures; 

therefore, the interactions between pricing and curtailment or rationing 

costs must be accounted for. Finally, it must be noted that in the above 

example, it was implicitly assumed that even with marginal cost pricing, 

the second period T2 would remain the peak one. However, it is quite 

possible that the consumers, reacting to the new peak and off-peak prices, would 

shift their demand from the peak to the off-peak period, making the latter 

the new peak period. Then, the original prices would no longer be equal to 

the marginal costs corresponding to the new demand pattern e Of course, the 

magnitude of this shifting depends upon the OWD- and cross-price 

elasticity of the demands of the different periods. The analysis in chapter 

4 will clearly demonstrate the importance of this shifting peak problem. 

The above remarks do not negate the usefulness of marginal cost 

pricing principles but simply point out that their application is much more 

complicated than the simple prescriptions based on simple models. The 

purpose of the next section is to further the analysis of the applicability 

of marginal cost pricing principles in the case of gas distribution 

utilities. 

Marginal Cost Pricing at the Gas Distribution Level: 
Introductory Considerations 

The gas industry is made up of three major components: production, 

transmission, and distribution. Distributors may produce some of the gas 

they use, but generally they receive most of their gas from one or more 

interstate pipeline companies that in turn may purchase it from various 

producers or import it (Canada, Mexico, LNG). The relevant commodity 

costs, in the absence of any vertical integration of the gas industry, are, 

for the distributors, those they pay their suppliers. These costs are 

generally characterized by two-part rates: a commodity rate, related to 

the amount of gas actually purchased, and a demand rate, related to the 

contract demand, that is, the maximum daily deliveries that the supplier 

commits itself to deliver to the distributor. The demand rate provides for 
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payment of the capacity (pipeline, compressors, storage, etc.) that the 

supplier has to install to offer the required quality of service. Also, 

most of the long-term contracts between distributors and interstate pipe­

line companies involve take-or-pay clauses, that is, the distributor commits 

itself to purchase a minimum quantity of gas at the specified commodity 

rate or to pay for this minimum quantity if it has not been actually 

taken. 

The importance of the above features is obviously related to the 

variability of gas requirements that highly depend upon weather~ Gas 

requirements peak in the winter season (generally January) and are at a 

low point in the summer season (generally July and August). Of course, 

the magnitude of the seasonal swing depends upon the market mix of the 

distributor, i.e., the number and characteristics of its space-heating 

customers. One way to attenuate the impact of the requirements variability 

on the supply variability is for the distributor to install and operate a 

storage (generally underground) system or to rent the storage pools of 

other companies (very often its own suppliers), and to use peak-shaving SNG 

(synthetic natural gas) plants or other short-term peak supplies. 

In addition to an eventual storage system, the gas distribution 

system is made of transmission and distribution lines that deliver gas to 

the ultimate users. Transmission lines, of larger diameters, convey gas 

at higher pressure from the takeoff points, where gas is purchased from 

the suppliers, to the load centers, generally communities and metropolitan 

areas, where gas is then injected into the local distribution networks. 

The capacity of the distribution system must be such that the firm 

requirements corresponding to the coldest weather experienced in the 

service territory (or peak-day requirements) can be met. This capacity 

is therefore going to be underutilized most of the time, and under 

marginal cost pricing principles, the marginal capacity costs should then 

be paid by those consumers responsible for the peak requirements. Of 

course, note that the required marginal capacity also depends upon the 

existing excess capacity of the system. 

7 



The previous discussion of supply, storage, and distribution capacity 

costs clearly indicates that marginal variations in gas requirements at 

different periods have highly different impacts on these costs, and 

therefore marginal cost time-variable rates are clearly justified. Also, 

it appears that supply, storage, and distribution capacity decisions are 

highly interrelated. For instance, the economic feasibility of storage 

depends upon the costs of storage and the demand charge of the supplier. 

If the latter is very high, then storage may become an attractive alterna­

tive for reducing demand costs. Thus, the relevant marginal costs are 

those corresponding to the least-cost trade-off among supply, storage, 

and distribution decisions. They also depend upon additional supplies 

availability as well as upon such constraints as maximum incremental 

storage capacity, SNG production capacity, etc., and upon the possibility 

for the distributor to renegotiate long-term contracts with particular 

suppliers. 

In addition to their temporal variability, gas distribution marginal 
4 

costs are also characterized by a spatial variability. Indeed, a gas 

distribution system is a spatialized system with complex technological 

interactions, and therefore increases in demands at different points of 

the network have different impacts in terms of the necessary additional 

capacity of the different pipeline links, storage pools, compressors, etc. 

To trace the impacts of increased gas requirements clearly implies the use 

of detailed gas distribution network models where the various flows are 

simulated and that account for the trade-offs between compressors size 

and pipeline diameters. The use of such models is discussed in the next 

section. 

From the above discussion, it is clear that the approach envisioned 

here would encompass both short-term and long-term marginal costs. In 

4 
The use of Iocational variations in rate design by distribution 

utilities has been minimal. However, the analysis in chapter 3 will 
demonstrate the importance of these locational variations. 
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other words, the capacity costs of distribution are not assumed to be 

sunk. A dynamic growing market is assumed to exist and to require capac­

ity replacement and expansion. 

Finally, it is necessary to conform revenues under marginal cost 

rates with the revenue requirements determined through the traditional 

rate base regulation. It has often been argued that setting prices 

equal to marginal costs would provide the utility revenues in excess 

of the authorized, regulated revenues. However, such a proposition 

has never been formally proven, and in fact, depends upon the specific 

characteristics of the utility, its suppliers, and its customers. These 

revenue considerations will be fully analyzed in chapter 4. 

Calculating Gas Distribution Marginal Costs: A Conceptual Approach 

Consider a hypothetical gas distribution utility as diagrammatically 

represented in figure 2.1. 

Legend 

load center 

supply takeeff point 

• transmission valve 

seasonal storage field 

transmission pipe link 

compressor 

Figure 2.1 A Hypothetical Cas Distribution System 
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The system presented in figure 2.1 represents both existing and potential 

(i.e., which may eventually be added) components. The end-use customers 

are grouped into load centers (communities, urban areas, etc.) in which 

the distribution lines (and the related equipment such as regulators, gas 

holders) are located. The pipeline links on figure 2.1 are therefore 

only the transmission ones that convey gas from the supply takeo£f 

points to the seasonal storage fields and to the load centers. Assume 

that there are L load centers (~=l~) and that the year can be subdivided 

into T periods (t=l-+T), each characterized by given levels of gas 

requirements. The gas requirements of load center ~ during period tare 

then noted D~t. The problem facing the utility planner is to determine 

the least-'cost pattern of supply, operation, and capacity expansion 

decisions subject to various physical, technological, and other constraints, 

and to satisfying the gas requirements D~t' 

There are a large number of decision variables controlled by the 

uti ..L..ty planner, such as the following 

the amounts of gas purchased from each supplier at each takeoff 

point during each period t 

the maximum daily deliverability from each supplier 

the amounts of gas conveyed in each selected pipe link during 

,each per iod 

the diameters of these pipes 

the location and power of the compressors 

the storage fields v capacity and the corresponding periodic 

inflows and outflows, etc. 

There are, of course, constraints bearing on the above variables, such 

as the following 

maximum available supplies 

maximum pipe and compressor capacities 

maximum storage capacities and deliverability, etc. 

Assume that there are K decision variables (k=l-+K) noted X and that the 
K 

total cost associated with a given vector X = {Xk } is denoted C(X). The 

constraints set is partitioned into two subsets: 
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Ml physical, technological, and resource availability constraints 

(m=l-+M
l

) 

M2 (=LxT) constraints expressing the satisfaction of the require­

ments D Q,t 

The planning problem can then be expressed as 

minimize C (X) (2.10) 

subject to the following constraints 

(2.11) 

(2.12) 

The above model is a mathematical program that would turn out to be a 

linear program if the objective function C(X) and the constraints were 

expressed linearly. In such a case, the marginal cost associated with a 

marginal variation of the requirements DQ,t is exactly equal to the shadow 

price, or dual value, of the corresponding constraint (2.12). These 

shadow prices are a natural part of the solution of any linear program. 

Such an approach to the calculation of space-time marginal costs has been 
5 

applied by Scherer in the case of electricity generation and distri-

bution systems. When th~ system cannot be reduced to a linear format, a 

possible approach to the calculation of the marginal cost MC(D tt ) is to 

solve the above program while increasing the demand Dn by an increment 
x,t 

6DQ,t and to compute the cost increment 6C. The marginal cost is then 

approximated by 

(2.13) 

5 
C •. R. Scherer, "Estimating Peak and Off-Peak Marginal Costs for an 

Electric Power System: An Ex Ante Approach," The Bell Journal of 
Economics 7, 2 (1976): 575-601. 
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Obviously, the above marginal cost would encompass supply, storage, and 

transmission marginal costs. However, providing for the increment ~D£t 

implies also additional distribution capacity costs within load center ~. 

Conceptually, then, the internal structure of each load center should also 

be formalized as a network serving all the individual customers (residen­

tial, commercial, industrial), and the marginal distribution cost 

corresponding to the marginal variation of the demand of any customer 

should be computed through a procedure similar to the one discussed for 

the larger network. Through such a hierarchical analysis, the total 

marginal cost corresponding to any marginal variation in demand could be 

calculated. 

What are the practical prospects for the previous approach? Various 

planning models have been developed for gas utilities, mostly at the 
6 7 

interstate transmission level, but also at the distribution level. 

The transmission models are all expressed as optimization models, whereas 

the distribution ones are cast into a simulation format. However, no 

model could be found that analyzes, comprehensively, the design and 

operation of a gas distribution network in an urban area (i.e., a load 

center). The review of the available literature shows that the design 

of a supply/storage/transmission optimization model is feasible, but that 

developing efficient solution algorithms may be quite difficult because 

of the highly nonlinear character of the model and the necessary inclusion 

6 
See, for instance: J.C. Heideman, "Optimal Development of a Natural 

Gas Transmission System," Society of Petroleum Engineers, SPE Preprint 
3980, 1972; H.B. Martcn and N.J. McCall, "Optimization of the Design and 
Operation of Natural Gas Pipeline Systems," SPE Preprint 4006, 1972; 
O. Flanigan, iiConstrained Derivatives in Natural Gas Pipeline System 
Optimization," Journal of Petroleum Technology 24~ 5 (1972); 
D.J. Fenton and J.R. Wilson, "Extending a Gas Pipeline Network," Journal 
of the Operational Research Society 29, 9 (1978). 

7 
See, for instance: A.E. Yingling, D.L. Raphael, and G.E. Slater; 

"A Dynamic Linear Flow Model of a Gas Distribution System,H SPE Preprint 
4714, 1973; G.E. Slater, J.C. Erdle, D.L. Raphael, ¥lSimulating the 
Operation of a Natural Gas Distribution System with Linear Flow Models,H 
Journal of Canadian Petroleum Technology 16, 4 (1978). 
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of integer variables. The development of such models at the level of 

urban areas appears to be an even more difficult endeavor. The approach 

adopted in this study has been, therefore, to develop simplified models 

dealing with (a) supply, storage, and transmission costs on one side, and 

(b) distribution costs on the other side. The outline of this approach 

is presented in the next section. 

Calculating Gas Distribution Marginal Costs: A Practical Approach 

In view of the problems involved in calculating community-level 

distribution costs through a comprehensive network modeling approach, a 

statistical approach has been selected, wherein the actual distribution 

capacity costs of the various communities (or part of them) included in 

the utility's service territory are related to the size of their various 

submarkets, their population density, and their climatic characteristics, 

provided that the service territory is climatologically heterogeneous • 

. The resulting econometric cost models can then be used to determine the 

marginal distribution plant costs incurred by a marginal increment of 

residential, commercial, or industrial demand (expressed in. gas volume or 

number of customers). Clearly,these marginal costs represent average 

values for the whole community, encompassing higher or lower marginal 

costs for individual customers. This econometric approach is presented 

in chapter 3 and illustrated with the data provided by different gas 

distribution utilities in the u.s. 

In view of the problems involved in solving a complete network model, 

a simplified, aggregate, and nonspatialized model has been developed to 

calculate the marginal supply, storage, and transmission costs. This 

model, cast into a linear programming format, yields time-linked marginal 

costs. In addition, it has been embedded into a larger simulation model 

designed to evaluate the implications of marginal cost pricing under 

alternative maximum supplies and demand elasticities assumptions. This 

general model- the Gas Utility Marginal Cost Pricing Model (GUMCPM) - has 

been applied to the East Ohio Gas Company, and the results of this appli­

cation as well as the structure of the model are presented in chapter 4. 
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In order to establish a correspondence with the marginal capacity, 

energy, and customer costs customarily computed for electric utilities, the 

marginal costs computed in the above-mentioned approaches can be characterized 

as follows: 

(1) The marginal distribution plant costs computed with the 
econometric models include both distribution and customer 
capacity costs 

(2) The marginal costs computed by the cost-minimization model 
include (a) energy (supply) costs, (b) capacity (production, 
storage, and transmission costs, and (c) operating (production 
and storage) costs, closely related to the energy costs. These 
marginal costs are complemented, in the simulation model, by 
the distribution capacity marginal costs and by the other oper­
ating marginal costs (transmission, distribution, customer, 
and administration) 

The optimization/simulation approach demonstrates that the various marginal 

costs cannot be easily separated because of multiple and complex cost 

trade-offs taking place in a gas distribution system. The econometric 

approach emphasizes the impacts of market size and mix, and urban structure 

on local distribution marginal costs. These impacts are not considered 

in the current optimization/simulation approach because of its aggregated, 

nonspatialized character but could be so in an extended model. 

1.4 



CHAPTER 3 

ECONOMETRIC MODELING OF DISTRIBUTION PLANT COSTS 

The purpose of this chapter is to present the principles and results 

of an econometric analysis of distribution plant costs, based on community­

level data obtained from different distribution utilities. The resulting 

distribution plant cost functions can then be used to predict future costs 

as well as used for the calculation of marginal costs. In the first section, 

the general characteristics of the distribution plant, a review of the 

available data, and the general structure of the econometric models are 

presented. The next section deals with an analysis of the results obtained 

for four particular companies: Long Island Lighting Company, Columbia Gas of 

Ohio, Inc., Pacific Gas and Electric Company, and National Fuel Gas Distribution 

Corporation. The last section consists of a comparative analysis and synthesis 

of the results and outlines possible extensions of the approach, 

General Considerations 

Gas Distribution Utilities Plant Structure 

The capital equipment of gas distribution utilities is generally 

classified according to the following categories: 

(1) the intangible plant, generally very small, and including such 
items as Horganization" and franchises and consents 

(2) the production plant, including both manufactured gas production 
plant and natural gas production and gathering plant 

(3) the natural gas storage plant, including both underground storage 
plant and other storage equipments, such as holders 

(4) the transmission plant, made up essentially of mains and 
compressor station equipment 

(5) the distribution plant, the major components of which are the 
mains, services, and meters 
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(6) the general plant, including transportation equipment, tools) 
shop and garage equipment, laboratory equipment, etc. 

The distribution plant includes some or all of the following items: 

land and land rights 

structures and improvements 

mains 

compressor station equipment 

measuring and regulating station equipment 

services 

meters 

meter installations 

house regulators 

house regulating installations 

industrial measuring and regulating station equipment 

other property on customers premises 

other equipment 

Mains, services, meters, and regulating equipment constitute most of the 

distribution plant. The mains comprise between 50% to 70% of the distri­

bution plant value.. They convey the gas taken from the transmission 

system to the final users and can be made of steel, cast iron, or plastic. 

Services comprise between 20% to 35% of the distribution plant. A gas 

service is the pipe between a distribution main and the customer's meter Q 

Usually, it supplies a single building housing one or more customers. Both 

steel and plastic pipes are used for gas services. Meters are, of course, 

used to measure actual gas consumption by customers.. Regulating equipment 

is used to control gas distribution pressures in both high-pressure and 

low-pressure systems. A gas pressure regulator automatically varies the 
8 rate of gas flow through a pipeline to maintain a preset outlet pressure. 

8For more technical details about the various components of the 
distribution network, see the Gas Engineers Handbook, sec. 9 (New York: 
Industrial Press, 1966). 
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Estimating Gas Distribution Plant Costs 

The original (or historical) cost balances of the different components 

of a utility's plant in service, at the beginning and end of each year, are 

generally available in the annual reports that the utility submits to the 

regulatory authorities. The end-of-year value is equal to the beginning­

of-year value plus the value of the additions made during the year minus 

the original cost value of the plant retired during the same year@ It is 

on the basis of these data that average plant costs per customer or per 

thousand cubic feet 01CF) delivered are estimated. Obviously, such an approach 

is ill fitted to deal with such considerations as joint, nonseparable costs, 

economies of scale, and population and land-use densities, inasmuch as they 

have an effect on plant costs. 

The effects of market mix and density have been partially analyzed by 
9 

some authors in the case of electrical distribution costs. In the case 

of gas distribution, the available data are even scarcer o One study 

reporting some relationships between gas distribution capital costs and 

density has been carried out by Real Estate Research Corporation for the 

Council on Environmental Quality and other government agencies, with the 

broader goal of assessing the environmental and economic costs of alternate 

housing types and development patterns at the urban fringe. 10 Six neighbor­

hood prototypes differing in housing type and density were analyzed. They 

are described in table 3.1. 

9 
See, for instance: F. J. Wells, "The Effects of Customer 

Density on Electrical Distribution Costs," in P. B. Downing, ed., Local 
Service Pricing Policies and Their Effect on Urban Spatial Structure 
(Yancouver, University of British Columbia Press, 1977); M. L. Baughman 
and De Je Bottaro, Electric Power Transmission and Distribution Systems: 
Costs and Their Allocation, National Science Foundation PB-247l89 
(Springfield, VA: National Technical Information Service, 1975). 

10 
Real Estate Research Corporation, The Costs of Sprawl: Detailed Cost 

Analysis (Washington, D.C.: U. S. Government Printing Office, 1974) 
Stock Number 4111-00023. 
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TABLE 3 .. 1 

NEIGHBORHOOD PROTOTYPES CHARACTERISTICS 

Neighborhood Prototype 

A. Single Fami ly 
Conventional 

B. Single Family 
Clustered 

Co Townhouse Clustered 

D. Walk Up Apartments 

E. High Rise Apartments 

F. Housing Mix 
20% of A,B,C,D,E 

Population 
(Per 100 Acres) 

3,520 

3,520 

3,330 

3,330 

2,825 

3,300 

Residential 
Density 

(Units per Acre) 

2 .. 0 

2.5 

3 .. 3 

5 .. 0 

10 .. 0 

3.3 

Source: The Costs of Sprawl: Detailed Cost Analysis, (Washington, D.C.: 
Government Printing Office, 1974). 

The estimates for gas distribution capital costs are indicated in 

table 3.2 for each of the six neighborhood types. All figures are in 1973 

dollars. It was assumed that all development prototypes would be typical 

of high-standard new suburban constructione Preexisting land uses and 

the relationships between the neighborhoods and the rest of the metropolitan 

area were not taken into account. Also, the study did not include the cost 

of debt servicing and replacement or upgrading costs for any facilities 

built within the development periodG Thus, capital cost estimates are 

given only for pipelines and appurtenances within the neighborhoodu The 

selected pipe materials were deemed to be typical of current practice in 

the U.S e (Use of other materials might alter cost estimates signifi-

cantly .. ) Differences in costs due to differences in terrain, topography, 

and climate could not be considered.. Also, 30% of the estimated costs of 

the pipelines were added to cover contractor's and subcontractor's profits 

and overhead plus engineering fees.. The length of utility pipelines is 

close to street lengths.. It was assumed that utility line length would be 

somewhat shorter than road length (10 to 15% less) to reflect sophisti­

cated engineering and design practiceso 
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t-' 
I..D 

Variable 

Total 
Pipeline 
Length 

Percentage of 
Road Length 

Cost per 
Linear Foot 
of Pipe 

Total 
Pipeline 
Cost 

Overhead and 
Profit 

Total 
Capital Cost 

TABLE 3 .. 2 

CAPITAL COSTS OF PROVIDING GAS TO THOUSAND HOUSING UNITS 
IN SIX NEIGHBORHOODS 

Neighborhood 
A B C D E 

Single Single 
Family Family Townhouse Walk Up High Rise 

Conventional Clustered Clustered Apartments Apartments 

56,000' 35,800 v 22,800' 13,604' 8,055' 

90% 80% 80% 80% 90% 

$2 .. 30 $2 .. 30 $2 .. 30 $3 .. 00 $3.00 

$124,200 $82,340 $52,440 $40,812 $24,165 

$37,260 $24,702 $15,732 $12,244 $7,249 

$161,460 $107,062 $68,172 $53,056 $31,414 

F 

Housing Mix 
(20% A,B,C,D,E) 

25,500' 

85% 

In proportion 
to the Housing 
Mix 

$64,791 

$19,437 

$84,228 

Source: The Costs of Sprawl: Detailed Cost Analysis, (Washington, D.C.: U.S. Government Office, 1974). 



Although the data in table 3.2 confirm~ rather dramatically, the 

relationship between gas distribution capital costs and density, they 

remain too much prototype related to be of general usee Also, as noted 

earlier, they only refer to urban extensions and do not account for the 

cost implications of these extensions for the whole community or metro­

politan area. For instance, such extensions may call for the reinforcement 

of the existing network to meet the increased loads through mains 

duplication or compressor stations installation, etc. Also, these new 

urban developments may be located at varying distances from the existing 

main lines, implying extensions of mains of varying lengthso 

Next, it is important to remember that residential customers consti­

tute only a part, important as it may be, of the gas market, and no 

specific cost data appear to be available for commercial and industrial 

customers that have consumption levels and load profiles significantly 

different from those of the residential customerse Hence, the distribution 

capital costs incurred to serve them can also be expected to be signifi­

cantly differente 

Finally, any given customer will consume more or less gas, depending 

upon the climate of the area where he is located, all other factors 

remaining the same, and it is necessary to account for the climatic factor 

in estimating and predicting distribution costSe 

For all of the above-mentioned reasons, new approaches to the 

analysis of gas distribution capital costs are called foro The purpose of 

the next section is to outline the principles of such an approache 

An Econometric Approach to Distribution Plant Analysis 

Most gas distribution utilities keep track of their capital 

investments at the community level o In some states, such as New York, 

they are required to do so for tax assessment purposes@ They also keep 

track of their gas sales, numbers of customers, and revenues for market, 

revenue, and billing analyses. The communities located in the service 

territory of any utility display strong variations in terms of (1) the 

number of residential, commercial, and industrial customers and the 
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corresponding unit-average and total gas loads; (2) the amount of distri­

bution plant in service within the community boundaries; (3) the population 

and land acreage, and hence the density of the community; and (4) climatic 

factors if the service territory is spread over a climatologically 

heterogeneous region. Once such data are gathered, the natural next step 

is to try to explain, through regression analysis, the variations of the 

distribution plant in service - the dependent variable - by the variations of 

such independent variables as market size and mix, population density, 

winter-cold severity, etc. Both additive (linear) and multiplicative 

(logarithmic) models should be tested. Examples of such models arell 

PS a + a "'RHCF + a "'CMCF + a 1'IMCF + a "'TEDN 01234 

In(PS) 

where 

PS is the amount of distribution plant in service ($) 

RMCF is the amount of annual residential gas sales (MCF) 

CHeF is the amount of annual commercial gas sales (MCF) 

IMCF is the amount of annual industrial gas sales CMCF) 

TEDN is the population density (population per acre) 

(3.1) 

In equations (301) and (3.2), the coefficients aI' a 2 , a3 and/or b l , b 2 , 

b 3 are expected to he positive, and the coefficients a4 and/or b4 negative. 

If, for instance, the linear model prevails, then the coefficients aI' a2 , 

and a
3 

represent the marginal plant costs incurred by serving one addi­

tional MCF to the residential, commercial, and industrial sectors, 

respectively. If, on the other side, the logarithmic model prevails, then 

the costs of service to the three sectors are nonseparable, and the 

marginal cost of serving, say, one MCF to the residential sector depends 

upon the current levels of sales to the three markets. Also, the latter 

case implies the existence of economies or diseconomies of scale, whereas 

the linear model implies constant costs to scale. 

One obvious problem with the above approach is related to the use of 

the original cost balance for measuring the value of the plant in service, 

11 
From here on, the text contains a combination of algebraic and FORTRAN 

notations; e.g., multiplication is sometimes designated by an asterisk(*). 
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instead of its replacement cost that should be the correct reference for 

measuring total and marginal costs® However, if the various communities of 

the service territory have plants in service made up, percentage-wise, of 

equipment of similar vintages, then it can reasonably be assumed that the 

ratio between historical cost and replacement cost is approximately 

constant. Such an assumption turned out to be verified for the distri­

bution plant of Pacific Gas and Electric Company (in 1979 the replacement 

cost was equal to 2079 times the historical cost) and will be retained for 

the other companies analyzed in this study. 

Other functional forms can be testedG For instance, the sectoral 

numbers of customers instead of the sectoral sales can be used as 

independent variables. However, both types of variables should not be used 

simultaneously, for there may be a strong to very strong correlation between 

them (i.e., the number of residential customers and the MCF level of 

residential sales are generally very strongly correlated). Also, the 

independent variables may be aggregated in various ways: total sales or 

total. number of customers, commercial and industrial customers or sales, 

etc. 

Cost functions such as those illustrated by equations (3.1) and (3.2) 

are indicative of long-term total costs and marginal costs. Indeed, as 

the whole community plant is taken into consideration in the analysis, the 

resulting marginal cost of serving, say, one additional residential MCF 

includes both the marginal cost corresponding to the localized main 

eLtension and service and meter, and the marginal cost corresponding to 

the necessary adjustments in the whole community plant. The latter may be 

incurred much after the extension has been made, as a result of reaching 

some threshold point in the operation of the whole network.. The former, 

however, may be termed a "short-term" marginal cost, directly incurred at 

the time of new installation and service. Such a short-term cost could, 

in principle, be analyzed with time-series data on plant in service and 

market size and structure. In this case, however, only the numbers of cust­

omers should be used as independent variables because gas sales may change 

sign:Lficantly from one year to the next as a result of climatic changes, 

even while the numbers and characteristics of the customers do not change 0 
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Examples of short-term cost models are 

In(DPS) 

where 

(303) 

bO + bl*ln(DRCUS) + b 2*ln(DCCTIS) + b
3
*ln(DICUS) + b 4*ln(TEDN) 

DPS is the increase in the amount of distribution plant in 
service between two consecutive years~ and 

(3 .. 4) 

DRCUS, DCCUS, and DICUS are the increases in the numbers of 
residential, commercial, and industrial customers during the 
same period, respectively 

The feasibility of this short-term analysis depends upon (a) the availa­

bility of the corresponding data; and (b) the existence of actual market 

growth (i.e .. , DRCUS, DCCUS, DICUS> 0)0 As is well known, a ban on new 

customer hookups had been instituted in most states in the early 1970s 

because of steadily decreasing available gas supplies. However, because 

of wellhead gas pricing changes, supplies started to increase again in 

the late 1970s and the ban was removed. Utilities started to connect new 

customers, and the corresponding market growth has been particularly 

noticeable in 1978 and 1979.. Some limited analyses of the "short-term" 

cost effect therefore turned out to be feasible within the framework of 

this study .. 

Based on the above principles and ideas, various analyses have been 

performed with data obtained from four different gas distribution utilities: 

Long Island Lighting Company, Columbia Gas of Ohio Company, Pacific Gas 

and Electric Company, and National Fuel Gas Distribution Corporation. The 

purpose of the next section is to describe the available data and the 

results of these analyses. 
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Applications of the Econometric Approach 

Long Island Lighting Company (LILCO) 

LILCO is a dual gas and electric, privately owned utility serving, in 

1979, an estimated 2,884,601 people, including 97,343 persons residing on 

the Rockaway Peninsula of Queens, New York~ Most of the served population 

is residing in communities located in the Long Island counties of Nassau 

and Suffolk .. 

The data in table 303 provide an overview of the gas plant in service 

at the end of 1978 and 1979, and those in table 3.4 present a summary of 

gas sales and average numbers of gas customers during the years 1978 and 

1979 .. 

Firm gas sales in 1979 totaled 39,400~000 MCF, down only 2.6% below 

1978, despite much more moderate winter weather in 1979 (4,622 versus 5,441 

annual heating degree-days; normal year average = 5,095 degree-days). 

Sales to interruptible commercial and industrial customers rose 170 0 5%. 

During 1979, the number of LILCO gas space-heating customers was increased 

by 5,600. However, the net balance of the average number of residential 

customers increased only by 297 because of a significant attrition of the 

existing market due to an overall population decline. Also, the existing 

firm customers were allowed to expand their firm gas requirements. Thus, 

LILCO was characterized by a dynamic market in 1978/1979 that will permit 

a limited "short-term" cost analysis .. 

The data in table 3 .. 3 show that the distribution plant makes up for 

about 73% of the total plant. Mains and services~ in turn, make up for 

about 59% and 29% of the distribution plant. In 1979, the changes in the 

distribution plant included (a) additions, valued at $8,238,075; and (b) 

retirements, valued at $609,177. The value of the additions corresponds 

to replacement costs, whereas the value of the retirements corresponds to 

historical (original) costs" A part of the additions is used to replace 

the retired plant, but most of it is likely to be related to new service, 

the exact amount depending upon the replacement costs. 
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TABLE 3 .. 3 

VALUE OF GAS PLANT IN SERVICE AT THE END OF 1978 AND 1979 
LILCO 

(In Dollars) 

Plant Component End of 1978 End of 1979 

OVERVIEW 

Manufactured Gas Production $ 5,833,120 $ 5,896,982 

Storage 12,246,770 12,439,837 

Transmission 48,127,301 48,506,446 

Distribution 200,990,807 208,619,705 

General 7,048,017 8,205,708 

Total $274,246,015 $283,668,678 

DISTRIBUTION PLANT 

Land and Land Rights $ 279,148 $ 280,014 

Structures and Improvements 280,627 324,148 

Mains 118,460,883 122,359,684 

Compressor Station Equipment 9,585 9,585 

Measuring and Regulating Station Equipment 2,294,563 2,453,773 

Services 59,141,513 61,647,931 

Meters 11,728,385 12,701,159 

Meter Installation 6,791,098 6,826,330 

House Regulators 2,005,005 2,017,081 

Sources: Annual Reports of LILCO to the State of New York Public Service 
Commission -1978 and 1979@ 
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TABLE 3 .. 4 

VOLUME OF GAS SALES AND NID1BER OF CUSTOMERS 
IN 1978 AND 1979 - LILCO 

Sector 

Residential 

Commercial & Industrial 

Public Authorities 

Interdepartmental 

Total 

Residential 

Commercial & Industrial 

Public Authorities 

Total 

Year 

1978 

GAS SALES (MCF) 

27,470,883 

14,549,342 

13,693 

75,237 

42,109,155 

NUMBER OF CUSTOMERS 

356,547 

30,415 

60 

387,022 

1979 

26,369,644 

17,241,741 

13,865 

2,760,023 

46,385,272 

356,844 

30,399 

58 

387,301 

Sources: Annual Reports of LILCO to the State of New York Public Service 
Commission - 1978 and 1979. 
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On the basis of the data in tables 3&3 and 3.4, the 1978 distribution 

historical unit costs per MCF and customer are the following: 

4.73 $/MCF, and 

519 $/customer12 

Included in the Annual Reports submitted by LILCO to the State of New 

York Public Service Commission (NYPSC) are community-level data on annual 

gas sales and average number of customers for the residential sector and 

for the combined commercial and industrial sectors, as well as on the value of 

the total gas plant in service by the end of the year. Unfortunately, the 

latter data are not further disaggregated, and therefore the amount of 

distribution plant is not known, and the application of the econometric 

analysis to the total plant is likely to introduce some bias because such 

items as gas production plant and transmission plant are very unlikely to 

be related to the structure of the local markets. This is less so for the 

storage plant, which includes mostly short-term gas holders, and for the 

general plant, which can be both related to local variables to some extent. 

Thus, the best that can be done in this case is to specify econometric 

models with the total plant in service variable, and then adjust the 

resulting equations by the ratio of the distribution to total plants 

(0.7329 in 1978 and 0.7354 in 1979). 

A complete set of plant and market data was prepared for 101 

communities for both 1978 and 19790 These data are presented in appendix 

A. LILCO's estimates of the 1978 population of these communities were also 

included in the data set. Land area data were partly drawn from a 1970 
13 

Census of Population report, and from census tract acreage data provided 

by R. Je Panzarella, Forecast Analyst at LILCO. Complete acreage data 

were gathered for 89 communities. 

The long-term, or static, analysis has been performed with the 1978 

data. At the end of 1978, the total plant in service in the 101 

l2LILCO's historical distribution unit costs are significantly larger 
than those of the other companies to be analyzed in this chapter. This is 
most likely due to the fact that LILCO's plant is made up of components of 
more recent vintages. However, this assumption could not be verified because 
the necessary data are lacking. 

13 
1970 Census of Population - Population of Places of 2500 or ~ore - 1960 

and 1970 Supplementary Report PC(Sl)-26 (August 1972.) 



communities amounted to $246,559,200, or 89.9% of the total LILCO plant in 

service. All the 387,022 LILCO 1978 customers were located in these 101 

communities. The short-term, or dynamic, analysis has been performed by 

taking the difference between the 1979 and 1978 data on both plant and 

market variables. 

a. The Static Analysis 

The results presented in this section pertain to the 89 communities 

for which density figures could be prepared. The definitions and means 

and standard deviations of the various variables are presented in Table 

3.5 .. 

TABLE 3.5 

DEFINITIONS, MEANS. AND STANDARD DEVIATIONS OF THE VARIABLES 
LILCO STATIC ANALYSIS 

Standard 
Variable Definition Mean Deviation 

PS Plant in Service ($) - End of 1978 2,750,795 6,899,365 
TMCF Total Gas Sales (MCF) - 1978 468,923 1,111,092 
R.M:CF Residential Gas Sales (MCF) - 1978 305,941 722,895 

CIMCF Commercial & Industrial Gas Sales 162,982 406,177 
(MCF) - 1978 

TCUS Total Number of Customers - 1978 4,316 10,137 
RCUS Number of Residential Customers - 1978 3.,977 9,362 

CICUS Number of Commercial & Industrial 339 790 
Customers - 1978 

TEDN Population Density (people per acre) 8.764 9.135 

Source: Author's calculations. 

In a first stage, the plant in service CPS) was regressed on the 

aggregate sales or number of customers, and on the population density~ for 

both the additive and multiplicative forms. The multiplicative model is 

expressed in final (nonlogarithmic) multiplicative form. The t-statistics 

of the coefficients are indicated in parenthesis at the appropriate places. 

The following four models were obtained. 

28 



PS 238,641.4 + 6.03379 * TMCF - 36,196.96 * TEDN 
(37.13)14 (1.83) 

0.941) (3 .. 5) 

PS 6.11658 "i'e TMCFlo0120 oJ, TEDN-O.15l4 0 .. 927) (3.6) 
(32~02) (3.35) 

PS 342,818.4 + 648.528 ,', TCUS - 44,667.~·7 * TEDN (R
2 

0 .. 904) (3 .. 7) 
(28.42) (1$ 76) 

PS 1983.9955 oJ, TCUSO.9141 -/\ TEDN-O.3366 (R
2 

0 .. 858) (3 .. 8) 

(22.04) (5.03) 

2 
The perfonnances of the four above models, as measured by their R , are 

overall quite good, with slightly higher R2 in the linear case. However, 

the density coefficient is much more significant in the multiplicative case 

than in the linear one (where the confidence level is around 95% only). 

However, as is well known, R2 for linear and log-linear models cannot be 

directly compared. For the same dependent variable and equivalent number 

of independent variables, the functional form that yields the minimum 
15 sum of squares of the residuals is generally to be selected~ A trans-

formation of PS that permits such a comparison is PSI = CoPS, where C is 

the inverse of the geometric mean of PSG The sum of squares of the 
2 residuals in the linear model must then be mUltiplied by C , and the 

resulting value Sl must be compared to the sum S2 of squares of the resid­

uals in the logarithmic case, the model with the smaller sum value being 

generally preferred. It is further possible to test whether the two 

functions are empirically equivalent by computing the d statistic 

d 
N 
2 1n (:~) (3.9) 

where N is the sample size. The larger of the two sums is placed in the 

numerator. If the two forms are equivalent, then d follows the chi-square 

14The t-statistics, measuring the significance of the regression 
coefficients, are indicated in parenthesis below the corresponding coefficient. 
The level of significance, for a given t-value, depends upon the sample size 
and number of variables of the regression model. 

15 
See: P. Rao, and R.L. Miller, Applied Econometrics (Belmont CA: 

Wadsworth Publishing Company, Inc.,197l),pp. 107-11. 



distribution with one degree of freedom. (The critical value of the 90% 

level of confidence is 2.706). 

On the basis of the previous criteria, the logarithmic models are 

clearly superior to the linear ones. For instance, the sum Sl for equation 

(3.5) is equal to 138.83, whereas the sum S2 for equation (3.6) is equal to 

18.32. The multiplicative models are rewritten below to reflect only 

distribution costs by adjusting the total plant equations by the distri­

bution to total plants ratio (0.7329) 

PS 4.48284 * TMCF1.0120 * TEDN-Oe15l4 (3.10) 

PS 1,454.0703 * TCUSO.9l4l * TEDN-0.3366 (3.11) 

The above cost functions imply nearly constant costs to scale (extremely 

slight diseconomies of scale) with respect to total sales and some 

economies of scale with respect to the total number of customers. The 
16 

corresponding marginal distribution capacity cost functions are 

MC(TMCF) 

MC(TCUS) 

aps 
aTMCF 

aps 
aTCUS 

4.53663 * TMCFO.0120 ~ TEDN-O.15l4 

1,329.1657 i~ TCUS-O.0859 i~ TEDN-Os3366 

(3.12) 

(3c13) 

The marginal costs for a hypothetical average community characterized by 

the average figures in table 3.5 are 

MC(TMCF) 3.82 $/MCF 

MC(TCUS) 31l~897 $/customer 

The next step of the analysis was to use sectoral sales and numbers of 

customers as independent variablesw The results are 

16Hereafter in this chapter referred to as the marginal cost. 
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PS 22~,4l8.0 + 5.77470 * RMCF + 6.50241 * CIMCF - 34,814.58 * TEDN 

PS 

PS 

PS 

(8.24) (5.23) (1.72) 

46.76794 * RMCFO.7370 
(15.00) 

° 1545 
-j, CIMCF . 

(5.59) 

303,066.3 + 472.644 * RCUS + 2,765.305 
(3.79) (1.88) 

5415.7519 * RCUSO.6057 
(7.83) 

* CICUSO.2768 
(4.19) 

(R
2 

= 0.941) 

* TEDN-O.1765 

(3.03) 

2 
(R = 0.883) 

(3.14) 

(3.15) 

* CICUS - 42,237.36 * TEDN 
(1.67) 

(R
2 

= 0.906) 

~" TEDN-O. 3106 
(4.81) 

(R2 = 0.874) 

(3016 ) 

(Je17) 

The sums of the squares of the residuals are significantly smaller in the 

logarithmic cases, and therefore the multiplicative models are to be 

selected. It is also notable that the regression coefficients are much 

more significant in the multiplicative cases. Besides the previous statis­

tical reasons for rejecting the linear models, there are also other 

substantive, logical reasons to do so. Indeed, the relative values of the 

coefficients of RMCF and CIMCF in equation (3.14) are highly questionable: 

it would appear that the distribution plant cost of one additional 

"commercial and industrial" MCF is higher than the corresponding residential 

one. This result is not consistent with the load profiles of these two 

sectors (the load factor of the residential sector being much lower) and 

the necessary relationship between distribution plant cost and peak load. 

The multiplicative cost functions are characterized by significant 

economies of scale effects. The exponents can also be viewed as cost 

elasticities to sectoral sales or numbers of customers; that is, they 

indicate the percentage increase in plant cost due to 1% increase 

in the corresponding independent variables. As could be expected, the 

elasticities of the residential sector are larger than those of the 
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commercial-industrial one. 

The multiplicative models are rewritten below to reflect only distri­

bution costs by using the distribution to total plants ratio (0.7329) 

PS 34.27622 * RMCFO.7370 * CIMCFO.1545 * TEDN-O.1765 (3.18) 

PS 3969.2046 * RCUSO.6057 * CICUSO.2768 * TEDN-O.3l06 (3.19) 

Focusing on the sales model (3018), it is now possible to derive marginal 

cost functions with respect to residential and commercial-industrial sales, 

MC(RMCF) and MC(CIMCF), respectively, with 

MC(RMCF) 
aps 25.26055 * RMCF-O.2630 * CIMCFO.1545 * TEDN-O.1765 

aRMCF 
(3.20) 

MC(CIMCF) 
aps 5.29533 * RMCFO.7370 * CIMCF-O.8451 * TEDN-O.1765 

aCIMCF 
(3.21) 

The marginal costs for the hypothetical average community characterized by 

the average sales and density figures presented in table 3.5 are then 

MC(RMCF) 3.9661 $/MCF 

MC(CIMCF) 1.5606 $/MCF 

The above two values should be compared to the marginal cost of 3.82 $/MCF 

when the total load is considered. (See equation 3.12.) Clearly the 

latter is not very helpful to discriminate between the two sectors and using 

it would heavily penalize the commercial-industrial sector while slightly 

advantaging the residential one. The customers-related marginal cost 

functions are derived similarly, with 

MC(RCUS) 
aps 

aRCUS 
2403.6471 * RCUS-O.3943 * CICUsO.2768 * TEDN-O.3l06 

(3.22) 
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MC(CICUS) 
ClPS 

8CICUS 
1098.8346 * RCUSO.6057 ok CICUS-O.7232 -0.3106 * TEDN 

(3.23) 

The marginal customer-related costs for the average community depicted by 

the data in table 3u5 are then 

MC(RCUS) 234.08 $/residential customer 

MC(CICUS) 1255.38 $/commercial-industrial customer 

To illustrate the variations of these marginal costs with market size, 

consider a much smaller community with 500 residential customers, 20 

commercial-industrial customers, and a density of 4 people per acre. 

The marginal costs are then 

MC(RCUS) 308.99 $/residential customer 

MC(CICUS) 3,531.41 $/commercial-industrial customer 

The ab0ve values should be compared to the marginal cost of 311.897 

$/customer when the total number of customers is considered. (See equation 

3.13.) Basing a pricing policy on the latter cost would considerably 

advantage (in fact subsidize) the commercial-industrial sector at the 

slight expense of the residential one. Note, however, that all the above 

cost figures are based on historical costs data and are th~~2fore smaller 

than the corresponding replacement cost figures. Naturally, any pricing 

policy incorporating distribution capacity marginal costs should use 

replacement cost figures. 

b. The Dynamic Analysis 

The numbers of communities characterized by an increase, decrease, or 

no change in the numbers of their residential (DRCUS) and commercial­

industrial (DCICUS) customers are indicated in table 3.6. 
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MARKET DYNAMICS IN LILCO COMMUNITIES 
DURING THE PERIOD 1978-1979 

Number of Commercial-Industrial 
Customers (DCICUS) 

Number of Residential 
Customers (DRCUS) Decrease No Change Increase 

( < 0) (= 0) ( > 0) 

Decrease « 0) 12 7 6 

No Change (= 0) 2 12 3 

Increase (> 0) 22 19 18 

Source: Author's calculations. 

Three separate analyses were performed on the following groups of commu­

nities: (1) the 18 communities displaying growth in both sectors, (2) the 

41 communities displaying growth in the residential sector only, and (3) 

the 9 communities displaying growth in the commercial-industrial sector 

only. A common feature of the three analyses is that the logarithmic model 

is, by far, superior to the linear one, and therefore only results pertain­

ing to the former are presented. Also, the density variable turned out to 

be insignificant and was discarded. The definitions of the variables and 

their average values in the above three cases are presented in table 307. 

TABLE 3.7 

DEFINITIONS AND MEAN VALUES OF 
THE DYNAMIC ANALYSIS VARIABLES - LILCO 

Case 1 Case 2 Case 3 

DRCUS>O DRCUS>O DRCUS<O 
Variable DCICUS>O DCICUS<O DCICUS>O 

DPS Increase in Plant in 198,842 39,540 180,622 
Service ($) 

DRCUS Increase in Residential 10 e 89 7.71 -14.33 
Customers 

DCICUS Increase in Commercial- 1.72 -2.73 4 .. 78 
Industrial Customers 

Source: Author's calculations. 
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Case 1: DRCUS > 0; DCICUS > 0; 18 communities 

DPS 

The model, adjusted to reflect distribution costs only, is 

1,375.9258 * DRCUSO.7585 
(1.42) 

"/, DCICUSl.0904 

(le58) 
(3.24) 

The coefficients of DRCUS and DCICUS are significant at the 10% level. The 

corresponding marginal cost functions are 

MC(DRCUS) 

MC(DCICUS) 

aDPS 
8DRCUS 

aDPS 
aDCICUS 

DRCUS -0.24l5 * DCICUSl.0904 1 ,043.5852 "/, 

o 7585 0.0904 
1,500.2806 * DRCUS . * DCICUS 

(3.25) 

The marginal costs for the hypothetical community depicted by Case 1 growth 

data in table 3.7 (DRCUS = 16.89, DCICUS = 1.72) are 

MC(DRCUS) 952.405 $/new residential customer 

MC(DCICUS) 13,445.216 $/new commercial-industrial customer 

The ratio between the above residential "dynamic" marginal cost ($952 0 405) 

and the residential "static" marginal cost computed for the average 

community in the previous section ($234 .. 076) is equal to 4.07. This ratio 

may be viewed as a first, rough estimate of the ratio between replacement 

and historical costs. It is larger than the one obtained for Pacific Gas 

and Electric Company (2.78), and this may be due to the older age of 

LILCO's plant. The corresponding ratio for commercial-industrial customers 

is much larger, equal to 10071 ($13,445.216/$1,255.38). However, this 

ratio does change rapidly with market size~ and it does not seem possible 

to specify the characteristics of two equivalent static and dynamic commu­

nities for which costs could be meaningfully compared. (For instance, if 

the community of 500 residential customers and 20 commercial-industrial 

customers is selected for the static case, the previous ratio becomes 

equal to 3 .. 807)~ 
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Case 2: DRCUS > 0; DCICUS < 0; 42 communities 

In this case, the plant increase is assumed to be solely related to 

residential growth. It is also assumed that there is no retirement of the 

plant in service related to the attrition of the commercial-industrial 

customers. The model, adjusted to reflect distribution costs only, is then 

DPS 1,748.723 * DRCUSO.9996 
(3.85) 

0.276) (3 .. 27) 

Although the correlation coefficient is lower than in the previous case, 

it is significantly different from zero (at the 0.1% level), and the 

regression coefficient is also highly significant. The above model can be 

viewed as an almost constant-cost-to-scale one, with a constant distribution 

plant marginal cost equal to 

MC(DRCUS) 1,747 $/new residential customer 

The above marginal cost appears to be larger (by $795) than the one 

obtained in case 1. A reasonable explanation for this difference is that 

in the present case the residential sector does not benefit from the 

positive technological externalities related to the addition, in the 

distribution system, of commercial and industrial customersu In other 

words, the joint-cost effect does not take place here, and the cost differ­

ence of $795 is a measure of the economic benefit derived from this 

externality by the residential sector. 

Case 3: DRCUS ~ 0; DCICUS > 0; 9 communities 

In this case, it is assumed that the plant increase is solely related 

to commercial-industrial growth, and that there is no retirement of the 

plant in service related to the attrition of the residential customers. 

The model, adjusted to reflect distribution costs only, is then 

DPS 298.735 * DCICUS2.9557 
(2.64) 

0.5) 
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The above model has significant correlation and regression coefficients. 

The cost function is characterized by diseconomies of scale, and so is the 

corresponding marginal cost function 

MC(DCICUS) = 882.9791 * DCICUSl.9557 (3.29) 

A comparison of the results obtained with equations (3.29) and (3.26) shows 

that for a given commercial-industrial growth the corresponding marginal 

customer cost is going to be lower in presence of residential growth, as 

compared to the no-residential-growth case, only below a given threshhold 

of minimal residential growth. Assume, for instance, that DCICUS = 5 

customers, then equation (3.29) would yield, in presence of no residential 

growth, a marginal cost of $20,556.3. With reference to equation (3.26), 

the residential growth leading to the same commercial-industrial marginal 

cost is equal to 26 residential customers. If DRCUS = 5, then MC(DCICUS) 

$5,881, and if DRCUS = 40, then MC(DCICUS) = $28,474. To determine the 

technological circumstances (if any) producing these cost effects would 

require much more in-depth analyses of local factors, a study that could 

not be performed in the framework of this research. 

Columbia Gas of Ohio Company (CGOC) 

Columbia Gas of Ohio is a privately owned distribution utility pro­

viding service to 360 communities in central, northern, and southern Ohio. 

Its major supplier is the Columbia Transmission Corporation that also 

owns the underground storage fields used, at a cost, by CGOC. Therefore, 

the major part of the CGOC plant is its distribution plant, as demonstrated 

by the plant in service data for 1976 and 1977 presented in table 3.8. 

The data in table 3.8 show that the distribution plant makes up for 

about 97% of the total plant. Mains and services, in turn, make up for 

about 59% and 21% of the distribution plant. Meter-related equipment and 

house-regula tors-related equipment make up for another 11% and 2% of this 

plant. 

The data in table 3.9 provide a summary of gas sales and average 

numbers of gas customers during the years 1976 and 1977. On the basis of 
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TABLE 3 .. 8 

VALUE OF GAS PLANT IN SERVICE AT THE END OF 1976 AND 1977 
CGOC 

(In Dollars) 

Plant Component End of 1976 End of 1977 

DISTRIBUTION PLANT 

Land and Land Rights 

Structures and Improvements 

Mains 

Measuring and Regulating Station Equipment 

Measuring and Regulating Station Equipment 
- City Gate Check 

Services 

Meters 

Meter Installation 

House Regulators 

House Regulator Installation 

Industrial Measuring and Regulating 

Station Equipment 

Other Property on Customers' Premises 

Other Equipment 

Total Distribution Plant 

Total Utility Plant 

$ 3,384,835 $ 3,452,563 

6,817,690 6,897,848 

238,835,096 245,473,197 

4,518,807 4,840,849 

2,491,710 2,529,750 

82,893,968 89,504,927 

33,883,409 34,763,419 

10,794,359 11,126,744 

4,236,932 4,245,608 

4,372,382 4,391,326 

5,395,295 5,392,429 

877,333 877,333 

1,814,603 1,679,221 

$400,316,419 $415,175,214 

$412,424,960 $428,715,064 

Sources: Annual Reports of CGOC to the Public Utilities Commission of 
Ohio (PUCO). 
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TABLE 3.9 

VOLUME OF GAS SALES AND NUMBER OF CUSTOMERS 
IN 1976 AND 1977 - CGOC 

Sector 

Residential 
Commercial 
Industrial 

Total 

Residential 
Commercial 
Industrial 

Total 

1976 

GAS SALES CMCF) 

l58~014:12ll 
64,601,949 

130,904,784 

353,520,944 

NUMBER OF CUSTOMERS 

965,915 
78,219 
1,732 

1,045,866 

Year 

1977 

151,145,232 
56,232,729 

102,155,711 

309,533,672 

960,577 
77,380 
1,592 

1,039,549 

Sources: Annual Reports of CGOC to the Public Utilities Commission 
of Ohio (PUCO). 

these data, the 1976 distribution plant historical unit costs per MCF and 

customer are the following (using the 1977 sales figures could be mis­

leading because of the heavy curtailments that took place in 1977) 

1.132 $/MCF, and 

382.761 $/customer 

The home rule provision in Ohio's constitution and statutes permits a 
municipality to contract with a privately owned utility to obtain services 

by passage of a rate ordinance and its acceptance by the utility. On the 

basis of this provision, CGOC establishes gas rates separately with 360 

Ohio communities~ There are marked variations among these rates, related, 

according to CGOC, to variable costs of bringing gas to these communities. 

39 



At the request of the FUCD, data were collected by The National 

Regulatory Research Institute (NRRI) to find out whether there could 

be significant improvements in the ratemaking procedures adopted by the 

PUCD and by the various communities. Various data have been 

gathered for a sample of 52 communities included in the set of the 

291 municipalities that had rate changes through either FUCD rate orders 

or ordinance rate negotiations during the period 1976-1979. The data retained 

for the purpose of the present study are 

the net plant in service, or rate base: RB 

the residential, commercial, and industrial gas 
sales (MCF): RMCF, CMCF, IMCF 

the numbers of residential, commercial, and industrial customers: 
RCUS, CCUS, ICUS 

This data set was complemented, for 42 communities, with population and 

acreage data. In addition, the combined commercial-industrial sector was 

also considered (as in the case of LILCD's analysis), with the corre­

sponding sales and number of customers noted CIMCF and CICUS. The means 

and standard deviations of the above plant and market variables are 

presented in table 3.10, and the detailed community-level data in appendix 

B. The rate base, or net plant in service, is equal to the total plant in 

service minus the accumulated provision for depreciation, amortization, and 

depletion. The latter was equal, at the end of 1977, to $145,155,000, 

while the total plant in service was equal, at the same period, to 

$428,715,064. (See table 3.8.) Thus, the ratio of total to net plants in 

service is equal to 1.512. It is assumed that this adjustment ratio can be 

uniformly applied to the rate bases of the 52 communities. Second, as was 

done in the case of LILCD, it is necessary to adjust the total plant figure 

to reflect only the distribution plant costs. The 1977 distribution to 
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RB ($) 

TABLE 3.10 

MEANS AND STANDARD DEVIATIONS OF THE VARIABLES 
CGOC STATIC ANALYSIS 

Variable Mean 

2,352,877 
TMCF (total sales) 1,978,637 
RMCF 1,441,581 
CMCF 496,148 
IMCF 40,907 
CIMCF 537,055 

TCUS (total customers) 9,505 
RCUS 8,871 
CCUS 599 
ICUS 35 
CICUS 634 

Source: Author's calculations. 

Standard 
Deviation 

6,690,295 
6,083,876 
4,332,637 
1,649,132 

121,460 
1,765,766 

29,016 
27,123 
1,721 

215 
1,900 

total plants ratio is selected, equal to 0.9684. Therefore, the rate base 

figures must be multiplied by 1.4642 to represent the distribution plant 

in serviceo Another problem is related to the fact that the data do not 

all pertain to the same year (28 communities refer to 1976 data, 12 to 

1977 data, and the remainder equally to 1978 and 1979 data). Indeed, gas 

sales vary from one year to another because of weather changes, all other 

factors remaining equal (i.e., the numbers of customers), One way to 

eliminate this problem is to adjust gas sales with reference to an 

average-weather year (e.g~, with an average number of degree-days). To 

perform this adjustment, the knowledge of the load equations of the differ­

ent sectors is a prerequisite but could not be gathered in this study. 

Thus some bias is likely to exist in the resulting econometric mode1sQ 

However, in view of the excellent fits obtained, it is believed that this 

bias is probably negligible. 

In a first stage, the distribution plant in service PS was regressed 

on the aggregate sales or number of customers, and on the pop~lation 

density, with both the additive and logarithmic forms 0 The density 

variable turned out to be highly insignificant and was therefore 
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discarded. Thus, the analyses were performed with the 52 communities' data. 

The following four models were obtained 

PS 385,565.5 + 1.60805 * TMCF (R
2 

0.997) (3.30) 
(138.53) 

PS 6.63155 -1, TMCFO .. 9l4l (R
2 

0.973) (3.31) 
(42.54) 

PS 248,023.6 + 438.848 -k TCUS (R
2 0.992) (3.32) 

(8L,95) 

PS 810.691 -1, TCUSO.9183 (R
2 

0.963) (3.33) 
(36.31) 

The sums of the squares of the residuals are significantly smaller in 

the logarithmic cases, and therefore the multiplicative models are to be 

selected. They imply economies of scale of similar magnitude with respect 

to both sales and total number of customers. The corresponding marginal 

cost functions are 

MC(TMCF) 

MC(TCUS) 

aps 
aTMCF 

aps 
aTCUS 

6.0617 * TMCF-O.0859 (3.34) 

744.482 * TCUS-O.OB17 (3 .. 35) 

The marginal costs for a hypothetical average community characterized by 

the average figures in table 3.10 are 

MC(TMCF) 1 .. 744 $/MCF 

MC(TCUS) 352.35 $/customer 

It is interesting to compare the above marginal cost functions with the 

corresponding ones obtained in the LILCO analysis (equations 3.12 and 

3.13). If equation (3.13) is adjusted for an average density of 8.764 

42 



people per acre, the resulting equation 

MC(TCUS) = 640.126 * TCUS-OB0859 (3.36) 

is very similar to equation (3.35), both with respect to the multipli­

cative constant and the exponent, hence the similar customer-related 

marginal costs. On the other side, the sales-related marginal cost of 

LILCO (3.82 $/MCF) is about twice as large as the corresponding cost for 

CGOC (1.744 $/MCF). This apparent contradiction is resolved when it is 

noted that the average CGOC customer annual load is about twice the 

corresponding LILeo load. Thus, there are significant economies of scale 

associated with customer's size, and this observation points out the need 

for further econometric analyses involving customers' sizes in addition to the 

presently used variables. These analyses could not be performed in the 

framework of this study. 

The next step in the analysis was to use sectoral sales and numbers 

of customers as independent variables. The industrial sector-related 

variables turned out to be insignificant or having the wrong sign. This 

result is probably related to the fact that most of the industrial custom­

ers are located in the large cities of Columbus (1,555) and Toledo (107), 

while most of the communities have very few such customers or none at all 

(24 communities in the latter case). The commercial and industrial 

sectors have therefore been pooled together. The subsequent analyses are 

therefore strictly similar to those performed on LILCO's data. The 

results are 

PS 204,983.7 + 2.1053 * RMCF + 0.3821 * CIMCF (i 0.998) 
(25.75) (1.90) 

PS 16.5992 * RMCFO.5835 * CIMCFO.3091 (R
2 

0.974) (3.38) 
(10.47) (5.93) 
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PS 235414.1 + 278~039 "RCUS + 1,171 .. 871 i'c CICUS (R
2 

0.993) (3.39) 
. (6.07) (1,.79) 

PS 1691.0924 * RCUSO.5960 * CICUSO.3527 (R
2 

.0.971) (3.40) 
(8.32) (4.50) 

The sums of the squares of the residuals are significantly smaller in the 

logarithmic cases. Note also that the "cormnercial-industrial" regression 

coefficients are much more significant in the latter cases. Therefore, 

the multiplicative models (3.38) and (3.40) are to be selected. 

The CGOC cost functions are characterized by significant economies of 

scale effects. Such a result clearly confirms the company's contention 

that the cost of service varies from one cormnunity to the other. The 

comparison of equations (3. and (3.40) with LILCO's equations (3.18) 

and (3.19) reveals a significant similarity when the customers variables 

are concerned. With respect to gas sales, the exponent of RMCF is larger 

in LILCO's case, probably because of diseconomies of scale at the customer 

level (the average LILCO residential customer consumption is 76.93 MCF, 

while for CGOC it is equal to 162.50 MCF). Surprisingly, the exponent of 

CIMCF is smaller in LILCO's case, although the corresponding average 

customer consumption is about half the corresponding one for CGOC. An 

explanation of this apparent contradiction clearly requires further data 

analyses. 

The sales and customers marginal cost functions are then 

MC(RMCF) dPS 9.6856 * RMCF-0.4l65 * CIMCFO.3091 (3" 41) dRMCF 

MC(CIMCF) dPS 501315 * RMCFO.5835 * -.0.6908 
(3.42) dCIMCF CIMCF 

MC(RCUS) 
aps 1,007.8742 * RCUS-0.404.o * CICUsO.3527 (3 .. 43) dRCUS 

MC( CICUS) dPS 596.4314 * RCUsO.5960 * CICUS-.o·6473 (3.44) dCICUS 
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The marginal costs for the average community depicted by the data in table 

3.10 are 

MC(RMCF) = 1.557 $/MCF 

MC(CIMCF) = 2.214 $/MCF 

MC(RCUS) = 249.261 $/residential customer 

MC(CICUS) = 2,063e9l7 $/commercial-industrial customer 

The striking feature in the above results is the fact that a marginal 

"commercial-industrial" MCF costs more than a marginal "residential" MCF .. 

This counterintuitive result is here related to scale effects and to the 

relative sizes of the residential and commercial-industrial markets (the 

former is thrice as large as the latter). Consider now a community with 

equal-sized markets, each consuming 500,000 MCF (i.e., RMCF=CIMCF=500,OOO). 

In this case, the marginal sales costs are 

MC(RMCF) 

MC(CIMCF) 

2.367 $/MCF 

10254 $/MCF. 

and the traditionally expected cost ranking is observed. 

Pacific Gas and Electric Company (PG&E) 

PG&E is a dual gas and electric, privately owned utility providing 

service to the central and northern parts of California. The data in 

table 3.11 provide a summary of gas sales and average numbers of gas 

customers during the years 1978 and 1979, and those in table 3.12 present 

an overview of the gas plant in service at the end of these two years. 

The residential and commercial markets have been characterized by a 

significant growth during the period 1978-1979 (2.36% for residential 

customers and 3.66% for commercial customers). The industrial market has 

experienced, during the same period, a slight decrease, due to industrial 

customers switching to other energy sources. The average consumptions per 

customer in 1979 are as follows: 90.409 MCF per residential customer~ 

849.339 MCF per commercial customer, and 66,654.11 MCF per industrial 

customer. The growth dynamics of the PG&E market will therefore permit to 
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TABLE 3mll 

VOLUME OF GAS SALES.'AND NUMBER OF CUSTOMERS 
IN 1978 AND 1979 - PG&E 

Sector 

Residential 

Commercial 

Industrial 

Total 

Public Authorities 

Interdepartmental Sales 

Sales for Resale 

Total Gas Service 

Residential 

Commercial 

Industrial 

Total 

Public Authorities 

Sales for Resale 

1978 

GAS SALES (MCF) 

220~076,42l 

144,027,085 

138,975,191 

503,078,697 

1,339 

12 5 ~ 76 8 , 565 

9,926,108 

638,774,709 

NUMBER OF CUSTOMERS 

2,531~755 

l63~117 

2,853 

2,697,725 

1 

.5 

Year 

1979 

234,294,712 

143,620,679 

186,164,937 

564,080,328 

1,356 

216,147,045 

36,013,469 

816,242,198 

2,591,507 

169,097 

2,793 

2,763,397 

1 

.5 

Sources: Annual Reports of PG&E to the California Public Utilities 
Commission (CPUC) - 1978 and 1979. 
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TABLE 3.12 

VALUE OF GAS PLANT IN SERVICE AT THE END OF 1978 AND 1979 
PG&E 

(In Dollars) 

Plant Component End of 1978 

OVERVIEW 

Storage 

Transmission 

Distribution 

General 

(Excluding Production and 
Total Intangible Plant) 

$ 103,974,935 

444,410,681 

1,088,674,784 

12,736,349 

$1,649,796,749 

DISTRIBUTION PLANT 

Land and Land Rights 

Structures and Improvements 

Mains 

Compressor Station Equipment 

Measuring and Regulating 
Station Equipment 

Services 

Meters 

House Regulators 

Industrial Measuring and 
Regulating Station Equipment 

Other Property on Customers' Premises 

Other Equipment 

$ 3,551,839 

453,164 

522,350,801 

68,185 

18,472,619 

375,948,482 

129,106,410 

32,483,993 

5,071,754 

49,637 

1,117,900 

End of 1979 

$ 107,715,,240 

451,797:»081 

1,157,367,,950 

13,,241,884 

$1,730,122,155 

$ 3,770,818 

456,962 

551,964,541 

65,030 

18,862,555 

404,008~003' 

136,917,95.5'1 

34,827,752 

5,330,965 

45,468 

1,117,901 

Sources: Annual Reports of PG&E to the California Public Utilities 
Commission (CPUC) - 1978 and 1979. 
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perform a "short-termH dynamic cost analysis. 

The data in table 3.12 show that the distribution plant made up for 

about 66.89% of the total plant in 1979. Mains, services, and meters, in 

turn, made up for about 47.7%, 34G9%~ and 11.8% of the distribution plant, 

respectively. In 1979, the changes in the distribution plant included (a) 

additions, valued at $73,552,557; and (b) retirements, valued at 

$4,859,391. The ratio of replacement to historical cost has been esti­

mated by PG&E as equal to 2.79. Under the assumption that the whole 

retired plant is replaced, then the truly new distribution plant can be 

estimated at $59,994,856 (= 73,552,557 - 2.79 * 4,859,391). The average 

cost of the new distribution plant per new customer (residential, commercial, ane 

industrial sectors combined) would then be $9120719. If the total 1979 

distribution plant is considered, the historical unit costs per MCF and 

customer are 

2.052 $/MCF 

418.82 $/customer 

If the replacement to historical costs ratio (= 2079) is applied to the 

above customer cost, a figure of $1,16805 is obtained~ higher' than the 

"dynamic" cost of $912.719. This result would confirm the hypothesis, 

presented in the first section of this chapter, that the "dynamic" costs 

are short-term, immediate costs (mains, services, meters) but do not 

include the longer term costs that the additions of new customers may call 

for later. 

Included in the Annual Reports submitted by PG&E to the California 

Public Utilities Commission (CPUC) are community-level data on annual gas 

sales and average numbers of customers in the residential, commercial, and 

industrial sectors@ These data are related to 94 communities with a population 

of 10,000 or more. These communities are regrouped into 13 geographical 

divisions. The gas sales and numbers of customers for those communities 

and for the years 1975 through 1979 are presented in appendix C. The 

Valuation Department of PG&E provided, for the same years, estimates of 

the historical and replacement costs of the distribution plant in these 
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communities. The historical costs, i.ee, the plant in service, at the end 

of 1978 and 1979 are also presented in appendix C, together with the 

mileage of distribution mains at the same periods. A complete set of 

population and acreage data could be prepared on the basis of the 1970 

Census of Population documentation and is also presented in appendix C. 

Completely new parameters considered in this analysis are the total annual 

and peak-month average number of heating degree-days. Indeed, the service 

territory of PG&E is climatologically heterogeneous, and the same customer 

is likely to consume more or less gas annually as well as during the peak 

month, depending upon where he is located. The data used to prepare 30-

year average figures for total annual and peak-month-heating degree-days 

are presented in appendix C. They refer to meteorological stations 

located in various divisions. When a division includes more than one 

station, the average value is selected. Then, the divisions total 

annual (DDT) and peak-month (DDM) figures are assigned to the communities 

located in the corresponding divisions. 

The long-term, or static, econometric analysis has been performed 

with the 1979 data, and the short-term, dynamic analysis has been performed 

by taking the difference between the 1979 and 1978 data on both plant and market 

variables. 

ae The Static Analysis 

The definitions and means and standard deviations of the variables 

used in this analysis are presented in table 3m13. 

In a first stage, the distribution plant in service was regressed on 

the aggregate sales or total number of customers, on the population density, 

and on the two degree-day measures alternatively. The variable DDT 

appeared with the wrong sign and also was highly insignificant. Therefore, 

only the specifications incorporating DDM were retained. In all cases, the 

multiplicative model appeared very superior to the additive one, and 

therefore only results pertaining to the former are presentede Also, in 

order to evaluate the impact of the introduction of the variable DDM on the 
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TABLE 3 .. 13 

DEFINITIONS, MEANS, AND STANDARD DEVIATIONS OF THE VARIABLES - PG&E STATIC ANALYSIS 

Variable 

PS 

Tl'1CF 

RMCF 

CMCF 

IMCF 

CIMCF 

TCUS 

RCUS 

CCUS 

rcus 
CICUS 

TEDN 

DDM 

DDT 

Definition 

Distribution Plant in Service End of 1979 ($) 

Total Gas Sales (MCF) - 1979 

Residential Gas Sales (MCF) - 1979 

Commercial Gas Sales (MCF) - 1979 

Industrial Gas Sales (MCF) - 1979 

Commercial and Industrial Gas Sales (MCF) - 1979 

Total Number of Customers - 1979 

Number of Residential Customers - 1979 

Number of Commercial Customers - 1979 

Number of Industrial Customers - 1979 

Number of Commercial and Industrial Customers - 1979 

Population Density (people per acre) 

Peak Month Average Number of Degree-Days 

Annual Average Number of Degree-Days 

Source: Author's calculations. 

Mean 

7,384,459 

3,454,267 

1,742,436 

969,256 

742,575 

1,711,831 

21,139 

19,800 

1,321 

18 

1,339 

5.96 

534 .. 81 

2796 .. 96 

Standard 
Deviation 

10,184,724 

6,229,610 

2,979,162 

2,586,112 

1,738,055 

4,205,098 

36,008 

33,841 

2,188 

32 

2,218 

3@64 

56 .. 30 

374 .. 22 



models specifications and to permit a comparison with the corresponding 

models derived for the other companies (for which no meteorological 

variability is considered), the results with an without DDM are presented. 

They are 

PS 22961817 * TMCFO.o 7072 * TEDN-0,,1328 (R
2 ° G 751) (3 .. 45) 

(16.40) (1.79) 

PS 21 .. 2111 * TMCFO. 7082 * TEDN-O.1143 * DDMO.3720 (R
2 0. 753) 

(16.40) (1.48) (0.89) (3.46) 

PS 1211.915 'k TCUSO.9289 * TEDN-O.2879 (R
2 0.937) (3 .. 47) 

(36.59) (7 .. 54) 

PS 116.356 * TCUSO.9299 * TEDN-O.2697 * DDMO.3671 (R
2 0.939) 

(37,,05) (6.87) (1.78) (3.48) 

All the coefficients are significant at, at least, the 5% level, with the 

exception of the coefficient of DDM in equation (3 .. 46), the significance 

of which is in the 15-20% range. It is notable that the exponents o:e 

the density variable in equations (3 .. 45) and (3.47) are very close to 

those obtained in the LILCO analysis (see equations 3.10 and 3.11), where 

they are equal to - 0.1514 and -0.3366. Also remarkable is the similarity 

of the exponents of TCUS in the cases of LILCO, CGOC, and PG&E. (See 

equations 3.11 and 3.33.) If the PG&E and LILCO customer-related cost 

functions (equations 3.47 and 3.11) are adjusted for the average PG&E 

population density (= 5.96), they become 

PG&E: PS 724.92 * TCUSO.9289 (3 .. 49) 

LILCO PS 797.33 * TCUSO.9l4l (3 .. 50) 

The above equations, when compared with the corresponding CGOC equation 

CGOC: PS 810.69 * TCUsO.9l83 (3 .. 51) 
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show a considerable degree of similarity. Therefore, it can be concluded 

that distribution plant costs are uniformly characterized by the same 

level of economies of scale when market size is measured by the total 

number of customers 0 When market size is measured by total gas sales, it 

appears that PG&E is characterized by larger economies of scale than CGOC 

and LILCO. 

The marginal cost functions derived from equations (3.46) and (3.48) 

are 

MC(TMCF) 

MC(TCUS) 

aps 
aTMCF 

aps 
aTCUS 

15&0217 * TMCF-O.29l8 * TEDN-Oel143 * DDMO.3720 (3.52) 

108.2036 * TCUS-00070l * TEDN-O~2697 * DDMO.367l (3.53) 

The marginal costs for the hypothetical average community characterized 

by the average figures in table 3.13 are 

MC(TMCF) 

MC(TCUS) 

1 .. 567 $/MCF 

333u97 $/customer 

The next step of the analysis was to use sectoral sales and numbers 

of customers as independent variables. In order to permit comparisons 

with the LILCO and CGOC models, the commercial and industrial variables 

were pooled together in a first stage. In the second stage, the disag­

gregated data were used e Again, the models specifications with and 

without the degree-day variable DDM are presented (the variable DDT turned 

out to be insignificant and was discarded). The first-stage results are 

PS 25.5817 i~ RMCFOm8402 * CIMCFO .. 0696 * TEDN-O .. 2514 (R
2 

0 .. 925) 
(21.32) (2.96) (5.93) 

(3 .. 54) 

PS 0.1926 * RMCF09 8632 * CIMCFOo0565 * TEDN-O .. 219 2 i~ DDMO .. 7474 

(22.72) (2.50) (5.30) (3.34) 

(R
2 

00932) (3 .. 55) 
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PS 1700.1759 * RCUSOe8353 * CICUSO.0898 * TEDN-O.2844 0.937) 

PS 181.1541 * RCUSO.8492 * CICUSOe0772 * TEDN-O.2682 * DDMO.3451 
(15.27) (1.59) (6.80) (1.64) 

(R2 0.939) (3.57) 

All the regression coefficients in the above equations are significant at 

the 5% leve1e When the PG&E models are compared to the LILCO and CGOC 

models (see equations 3.18, 3.19,3.38, and 3.40), it appears that they 

are characterized by lesser economies of scale with respect to the resi­

dential sales or number of customers, but by considerably larger economies 

of scale with respect to the commercial-industrial variables. The density 

elasticity is larger than LILCO's when sales are considered (-0.1765) and 

smaller when the variable is the number of customers (-0.3106). The 

significance of the density variable is here very high, and so is the 

significance of the degree-days variable DDM in the sales-related speci­

fication. (This variable is still significant at the 5% level in the 

customers-related specification.) The latter result clearly confirms the 

importance of the weather factor in the determination of the appropriate 

capacity of the distribution system. 

The marginal cost functions derived from equations (3.55) and (3.57) 

are 

MC(RMCF) 

MC(CIMCF) 

MC(RCUS) 

aps 
aRMCF 

aps 
aCIMCF 

aps 
aRCUS 

0.1662 * RMCF-O.1368 * CIMCFO.0565 * TEDN-O.2l92 * 

DDMUe7474 (3.58) 

0.0109 * RMCFO.8632 * CIMCF-O.9435 * TEDN-O.2l92 * 

DDMO.7474 (3.59) 

153.837 * RCUS-O.1508* CICUSO.0772 * TEDN-O.2682 * 

DDMO.3451 (3.60) 
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MC(CICUS) = 
aps 

aCICUS 
13.9906 * RCUSOe8492 * CICUS-O.9228 * TEDN-O.2682 * 

DDMO.3451 (3 .. 61) 

The marginal costs for the hypothetical average commwlity characterized by 

the average figures in table 3013 are 

MC(RMCF) = 3.874 $/MCF 

MC(CIMCF) = 00258 $/MCF 

MC(RCUS) = 326.751 $/residential customer 

MC(CICUS) = 439.417 $/commercial-industrial customer 

The above sectoral sales marginal costs should be compared to the to.tal 

sales marginal cost, MC(TMCF) = 1.567 $/MCF" Using the latter in a 

pricing policy would lead to a considerable subsidization of the residen­

tial customers by the commercial-industrial ones. Whereas the residential 

marginal cost is in the same value range as those estimated for the 

average LILCO and CGOC communities, it should be noted that the 

commercial-industrial PG&E marginal cost is much smaller than those of 

LILCO and CGOC. As there are no major interutility differences as far as 

customer size is concerned, such a difference is probably due to (a) a 

higher load factor for PG&E customers, and (b) local circumstances, such 

as the location of these customers within the community. Clearly, 

additional research is necessary to provide more definite explanations 

about these differences. 

When using the dis aggregated commercial and industrial variables, 

the results turned out to be acceptable only with the sales variables .. 

Indeed, whenever used, the number of industrial customers turned 

out to be statistically insignificant and with the wrong sign. The 

sales-related models, with and without the peak-month degree-day variable 

DDM, are 
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PS 30.1581 1'RMCFO • 8434 * CMCFO.0437 * IMCFO .. 0140 * TEDN-O.2494 

(21.35) (1 .. 37) (2 .. 05) (5.96) 

(R2 = 0.926) (3 .. 62) 

PS 0.2152 * RMCFO&8575 * CMCFO.0432 * IMCFO" ° 115 * TEDN-O.2l60 ~~ 

(22 .. 61) (1 .. 43) (1.76) (5 .. 31) 

DDMO.7530 (R
2 0 .. 935) (3 .. 63) 

(3.45) 

All the regression coefficients are significant at the 5% level, 

with the exception of the commercial sales coefficient that is, never­

theless, significant at the 10% level.. The exponents of RMCF, TEDN, and 

DDM are very close to those obtained when using the aggregate commercial­

industrial sales variable. (See equation 3.55.) In the present model, the 

commercial sales elasticity (0.043) is about four times larger than the 

industrial one (0.011)0 This large difference can be explained by (a) the 

higher load factor of industrial customers, which are much less sensitive 

to weather than the commercial ones, and (b) customer-level economies of 

scale related to customer size. Indeed, the average commercial customer 

consumption, based on the data in table 3.13, is 734 MCF, whereas the 

corresponding industrial one is 41,254 MCF. Obviously, the above model 

might be further improved by introducing customer-size variables. Such an 

analysis is left for further research efforts. 

The marginal cost functions derived from equation (3063) are 

MC(RMCF) 

MC(CMCF) 

dPS 
aRMCF 

dPS 
dCMCF 

0.1845 * RMCF-O.1425 * CMCFO.0432 * IMCFO.Ol15 * 

TEDN-O.2l60* DDMO.7530 

TEDN-O.2l60 * DDMO.7530 

55 

(3 .. 64) 

(3 .. 65) 



MC( IMCF) dPS 
dIMCF 

0.0025 * RMCFO.8575 * CMCFO.0432 * IMCF-O.9885 * 

(3 .. 66) 

The marginal costs for the hypothetical average community characterized by 

the average figures in table 3013 are then 

MC(RMCF) 

MC(CMCF) 

MC(IMCF) 

3.889 $/MCF 

0 .. 352 $/MCF 

0.122 $/MCF 

The above values should be compared to those obtained with the aggregate 

commercial-industrial sales (MC(RMCF) = 3.874 $/MCF, and MG(CIMCF) = 0.258 

$/MCF). The residential marginal costs are nearly the same. However, 

the commercial marginal cost is about thrice the industrial one, and 

therefore basing a pricing policy on the aggregate commercial-industrial 

marginal cost would lead to a substantial subsidization of the commercial 

sector by the industrial one .. 

b.. The Dynamic Analysis 

Among the 94 communities analyzed in the previous section, 89 were 

characterized by a growth in both the residential sector and the combined 

commercial-industrial one, and 4 by a growth in the residential sector 

only_ Because the sample in the latter case is too small, the following 

analysis only pertains to the 89 communities. The commercial and indus­

trial sectors were combined because the results derived with the 

disaggregated data were not acceptable, basically because most of the 

growth has taken place in the commercial sector. This aggregation will 

also permit comparisons with the similar model derived for LILCD.. Finally, 

note that the density and degree-day variables turned out to be insignif­

icant and were discarded. 

The definitions of the variables and their means and standard 

deviations are presented in table 3.14. These data imply an ave.rage new 

plant cost equal to $864/customer. 
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TABLE 3.14 

DEFINITIONS, MEANS, AND STANDARD DEVIATIONS 
OF THE DYNAMIC ANALYSIS VARIABLES - PG&E 

Variable Definition Mean Standard Deviation 

DPS Increase in the Distribution 
Plant in Service ($) 

DTCUS Increase in the Total Number 

DRCUS 

DCICUS 

of Customers 

Increase in the Number of 
Residential Customers 

Increase in the Number of 
Commercial-Industrial Customers 

Source: Author's calculations. 

491,501 632,069 

569 703 

5~ 651 

51 64 

In a first stage, the increase in plant in service DPS was regressed 

on the increase in the total number of customers. The linear and loga­

rithmic specifications are 

DPS 

DPS 

82,120.87 + 718.636 * DTCUS 
(12.41) 

9,790.874 * DTCUSO.6004 
(9.73) 

0.639) (3.67) 

(3.68) 

The sums of the squares of the residuals are equal to 140.53 for equation 

(3.67) and to 44.44 for equation (3068). The logarithmic model (3.68) is 

therefore to be selected. It is characterized by stronger economies of 

scale than in the case of the static approach. (See equation 3.47.) The 

corresponding marginal cost function is 

MC(DTCUS) 8DPS 
8DTCUS 

.5879.0125 * DTCUS-Oe3995 (3.69) 

The marginal cost for the average growth community characterized by the 

figures in table 3.14 (DTCUS = 569) is 
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MC(DTCUS) 466.146 $/customer. 

The static marginal cost computed in the static analysis was equal to 

333.97 $/customer@ Using the replacement to historical costs ratio of 

2.79, this static marginal cost is then equal to $931.78 at current 1979 

costs@ As expected, the short-term, dynamic marginal cost is signifi­

cantly smaller than the long-term one. 

The next step in the analysis was to regress DPS on both residential 

and commercial-industrial customers increases (DRCUS and DCICUS)~ The 

linear and logarithmic specifications are 

DPS 69,756.53 + 614.579 * DRCUS + 2007.349 * DCICUS 
(6.17) (1 .. 99) 

DPS 16,650.291 * DRCUSO.4088* DCICUSO.1917 
(5091) (2032) 

0 .. 495) 

0.629) 

(3.70) 

(3 .. 71) 

The sums of the squares of the residuals are equal to 137.89 for equation 

(3.70) and to 46.79 for equation (3.71). Thus the multiplicative model is 

to be selected. It is characterized by stronger economies of scale 

effects in the residential sector as compared to the corresponding 

static model. (See equation 3.57.) However, the opposite feature charac­

terizes the commercial-industrial sector. The marginal cost functions 

derived ~r9m equation (3~7l) are 

MC(DRCUS) 6,806.334 * DRCUS-Oe5912 * DCICUSO.1917 (3 .. 72) 

MC(DCICUS) 3,192.187 * DRCUSO@4088 * DCICUS-O.8083 

The marginal costs for the average growth community characterized by the 

figures in table 3.14 (DRCUS = 518; DCICUS = 51) are then 

MC(DRCUS) 3590357 $/residentia1 customer 

MC(DCICUS) 1711.832 $/commercial-industria1 customer 
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National Fuel Gas Distribution Corporation (NFGDC) 

National Fuel Gas Distribution Corporation is a privately owned gas 

distribution utility providing service to 471 communities in western 

New York, northwestern Pennsylvania, and a small portion of eastern Ohio. 

These communities have an aggregate population estimated, in 1979, at 

2,400,000. The principal ones are Buffalo~ Niagara Falls, and Jamestown, 

New York; and Erie and Sharon, Pennsylvania~ 

NFGDC is a subsidiary of the National Fuel Gas Company, a public 

holding company that owns 100% of NFGDC capital stock, as well as 100% of 

the stock of the National Fuel Gas Supply Corporation, which deals with 

storage and transmission, of the Seneca Resources Corporation, which deals 

with gas production and gasoline extraction, and of the National Gas 

Storage Corporation, which deals exclusively with storage. The National 

Fuel Gas Supply Corporation purchases about 81.5% of the gas requirements 

from five major interstate pipeline suppliers (see the system map in 

figure 3.1) and resells this gas to NFGDC. The supply balance is obtained 

from the purchase of synthetic gas, natural gas produced in the 

Appalachian area, and manufactured gas. 

NFGDC is partitioned into three divisions: New York, Pennsylvania, 

and Ohio. The latter is extremely smalle The New York division is about 

twice as large as the Pennsylvania one with respect to the residential and 

commercial markets, and slightly larger with respect to the industrial 

market 0 The New York division covers more than 5,100 square miles and has 

a population (1970 census) of over 1.6 million personse As the community­

level data used in the following analysis pertain to communities in the 

New York division, summary statistics are provided for both NFGDC and its 

New York division. The data in table 3e15 provide a summary of end-use 

gas sales and average numbers of customers in 1979, and those in table 

3~16 present an overview of the gas plant in service at the end of 1979. 

The data in table 3$16 show that the distribution plant makes up for 

about 85% of the total plant for both the total corporation and the 

New York divisione Mains, services, and meter-related equipment, in turn, 

make up for about 65%, 21%, and 7.5% of the distribution plant. The 

59 



National 

Source: 

N 

LAKE ERIE 

ENANGO; ---1 () I CLEARFIELD 

I!""'f '" 0 ,1I 0U BOIS I / ................ 11'1: JEFFERSON l 
I I r-----I 
I D I I 

BUTlER I ARMSTRONG) INDIANA I 

National fuel Gas Company 
Service Area· September 30, 1979 

I , I 
ERI I , ,.----
t-------+,' I Number of Communities Served 471 

/J /"'/ ,I I 
/ ALLEGHENY j .... ~ / 

I ,~.... I 
0"'# ....... - rJ 

, PITTSBURGH r \.1"" 
I 

'-_ s 
-'? \ 

-..", 
I: 

WASHINGTON \ 

I' 
) -...... -/ 

TRANSMISSION COIllI"ORATlON 

.... _-----------I 
GREENE \ 

Approximate Total Population 2.400.000. 

__ Major Pipelines of System 

___ Pipelines of Suppliers 

Underground Gas Storage Areas 

Proposed Storage Areas 

Scale in Miles 

I 
o 

I 
10 

I 
20 

I 
30 

Figure 3.1 National Fuel Gas Company System 

1979 Financial and Statistical Report - National Fuel Gas Company 

60 



Residential 
Conunercial 
Industrial 

Total 

TABLE 3.15 

VOLUME OF GAS SALES AND NUMBER OF CUSTOMERS 

IN 1979 - NFGDC AND ITS NEW YORK DIVISION 

TOTAL CORPORATION NEW YORK DIVISION 

Gas Sales (MCF) 

104,287,562 
35,419,094 
67,187,351 

206,894,007 

Number of 
Customers 

637,821 
36,309 
1,470 

675,600 

Gas Sales (MCF) 

72,403,511 
23,310,374 
34,286,874 

130,000,759 

Number of 
Customers 

451,223 
22,295 

805 

474,323 

Sources: Annual Reports of NFGDC to the Federal Energy Regulatory 
Conunission (FERC) and to the New York State Public Service Commission 
(NYPSC) - 1979. 

New York division total plant represents about 72% of the total corporation 

plant. 

The total average number of accounts has been virtually static in the 

past few years in the New York division, in part because of the high­

saturation percentage in the residential market and the depressed economic 

climate of western New York. In 1979, installations of new main extensions 

and service lines were due principally to conversions of existing homes 

from oil to gas, but the largest segment of expenditures was for the 

replacement of mains and service lines because of obsolescence. Such a 

situation therefore precluded a dynamic analysis of the distribution plant. 

On the basis of the data in tables 3.15 and 3016, the distribution 

historical unit costs per MCF and customer for the New York division are 

1.774 $/MCF 

486.23 S/customer 

As mentioned before, the community-level data used in the NFGDC static 

analysis pertain to communities located in the New York division. This is 
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TABLE 3" 16 

VALUE OF GAS PLANT IN SERVICE AT THE END OF 1979 - NFGDC 
AND ITS NEW YORK DIVISION 

Intangible 

Production 

Transmission 

Distribution 

General 

Total 

Land and Land Rights 

Structures and Improvements 

Mains 

Measuring and Regulating 
Station Equipment 

Services 

Meters 

Meter Installation 

House Regulators 

House Regulators Installation 

Industrial Measuring and 

(In Dollars) 

Total Corporation 

OVERVIEW 

$ 318,882 

13,832,717 

27,268,184 

321,151,271 

14,281,077 

$376,852,131 

DISTRIBUTION PLANT 

$ 2,,919,718 

41i012~172 

208~788,832 

5,914,523 

69~216~169 

19,870,029 

4,366~7l6 

1 ~014, 866 

lij024~251 

Regulating Station Equipment 3,213,289 

Other Equipment 799,499 

New York Division 

$ 195,236 

12,719,581 

16,511,380 

230,629,864 

12,167,618 

$272,223,679 

$ 1,831,204 

1,244,623 

151,891, 791 

4,235,788 

51,300,074 

13,842,716 

2,548,016 

563,465 

727,054 

2,329,333 

115,800 

Sources: Annual Reports of NFGDC to the Federal Energy Regulatory 
Commission (FERC) and to the New York State Public Service Commission 
(NYPSC) - 1979. 
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so because plant data are specifically prepared for these communities for 

submission to the New York State Board of Equalization and Assessment. 

Two different documents have been provided by NFGDC and used to prepare the 

data file: Form EAS.3 and Form EA4.3EGe 

Form EASe3 includes the following aggregate data for each community 

(or tax district) : 

the total plant in service; 

the "personal" plant in service, including essentially meters, as 

well as other measuring devices and house regulators; 

the "highway" plant in service; which includes mains, regulator 

stations, and other equipment located on the street side of the 

curbs; 

the "private" plant in service, which includes mainly pipelines and 

regulators on the house side of the street. 

Only the "personal" plant in service variable, PC, is used in the following 

analysis, and it is assumed that PC closely represents the investment in 

meters, meter installation, house regulators, and house regulator instal­

lation. 

Form EA4e3EG includes, for each community, dis aggregated account-level 

data for the production, transmission, distribution, and general plants. 

The distribution plant accounts do not refer to meters and house regu­

lators, hence the use of the "personal" plant in service variable PC 

discussed above. Each account data are further disaggregated into 

"highway" and "private" plants. However, in the present analysis such 

differentiation has not been accounted for, and the total values only are 

considered. The following plant components have been included in the file: 

LAR: land and land rights; 

STI: structures and improvements; 

MAl: mains; 

MRS: measuring and regulating stations; 

SER: services. 
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A minor component, HOther Equipment," has been merged with the "personal" 

plant in service, and the resulting variable is defined as 

MER: meters and house regulators 

Finally, the total distribution plant P5 has been defined as the sum of the 

above variables 

PS LAR + STI + MAl + MRS + SER + MER (3 .. 74) 

Sales and numbers of customers data have been prepared by NFGDC staff 

for the specific purposes of this study. These data are related, for each 

community, to the residential, commercial, and industrial sectors and to 

a fourth category, Public Authorities, which refer to municipal, state, and 

federal buildings, as well as, in a very minor way, to some street lighting. 

In the data presented in table 3015, the Public Authorities (PeA.) sector 

is combined with the commercial sector, as P.A.s display very much the 

same load characteristics as commercial customers (space heating is the 

dominant use of gas). 

A complete set of plant and market data was prepared for 173 

communities. These data are presented in appendix D. Population and land 

acreage data, however, could be prepared for 33 communities only (those 

with a population of 2,500 or more), on the basis of the 1970 Census of 

Population documentation. This smaller sample is referred to as S2' while 

the larger one is referred to as SID 

The means of the different variables to be used in the static NFGDC 

statistical analysis are presented in table 3@17 for the two samples 51 and 

52 separately. The sample 51 represents about 85% of the New York division 

distribution plant, and about 95% of the corresponding total sales and 

number of customerse The average distribution plant in .sample 52 is about 

1@95 times larger than the corresponding plant in sample Sl- The ratios of 

average sales and average numbers of customers between samples 52 and Sl 

are equal to 3~27 and 2.83, respectively. The latter figures indicate that 

the average gas consumption per customer is about 15% larger for sample S2 
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0'1 
\J1 

Variable 

PS 
LAR 
STI 
MAl 
MRS 
SER 
MER 

TMCF 
RMCF 
CMCF 
IMCF 
PMCF 
CIPMCF 
CPMCF 

TCUS 
RCUS 
CCUS 
ICUS 
PCDS 
CIPCUS 
CPCUS 

TEDN 

TABLE 3 .. 17 

DEFINITIONS AND MEANS OF THE VARIABLES FOR THE TWO SAMPLES 
Sl AND S2 - NFGDC STATIC ANALYSIS 

Definition 

DISTRIBUTION PLANT ($) - END OF 1979 

Total Distribution Plant 
Land and Land Rights 
Structures and Improvements 
Mains 
Measuring and Regulating Stations 
Services 
Meters and House Regulators 

Total Gas Sales (MCF) 
Residential Gas Sales (MCF) 
Commercial Gas Sales (MCF) 
Industrial Gas Sales (MCF) 

MARKET DURING 1979 

Public Authorities Gas Sales (MCF) 
Total Nonresidential Gas Sales (MCF) 
Total Commercial and Public Authorities Gas Sales (MCF) 

Total Number of Customers 
Number of Residential Customers 
Number of Commercial Customers 
Number of Industrial Customers 
Number of Public Authorities Customers 
Number of Nonresidential Customers 
Number of Commercial and Public Authorities Customers 

Population Density (people per acre) 

Sample Sl (173) 

1,134,931 
3,267 
5,836 

815,216 
18,025 

166,546 
126,041 

714,926 
396,903 
92,818 

190,636 
34,568 

318,023 
127,386 

2,,618 
2,492 

110 
4 

12 
126 
122 

Source: Author's calculations. 

Sample S2 (33) 

2,213,307 
7,963 

18,811 
1,597,039 

43,113 
335, 746 
210,634 

2,338,234 
1,177,212 

299,775 
755,969 
105,278 

1,161,022 
405,053 

7,419 
7,045 

332 
12 
29 

373 
361 

6 .. 053 



as compared to sample Sl& 

The major advantage of the NFGDC data is their disaggregated 

character. Indeed, it is now possible to develop econometric models not 

only for the total distribution plant, as was done for LILCO, CGOC, and 

PG&E, but also for the various components of this plant. The various plant 

variables have been regressed on aggregated and disaggregated sales and 

customers variables. The analyses have been carried out separately for 

samples 51 and S2' with the intent to identify size effects eventua.lly. 

(Sample S.., refers to much larger communities.) This is,. of course, only a 
t:.. 

first step in the segmentation of the market to get better models, and such 

a segmentation should be further considered in subsequent research efforts. 

In the following, the total distribution plant and its various compo­

nents are analyzed separately, and a synthesis of the results is then 

presented. 

a. Total Distribution Plant 

1. Sales-Related Analysis 

Sample Sl 

The multiplicative model turns out to be superior to the additive one 

in all cases. The results are acceptable only for (a) total sales, and 

(b) the two-sector market disaggregation (i.ee, residential sales RMCF and 

nonresidential sales CIPMCF, with 

PS 

PS 

30.3703 * TMCFO.7934 
(27.83) 

56.1046 * RMCFO.6920 * CIPMCFO.0883 
(15.51) (2.82) 

0" 819) (3 .. 75) 

0" 858) (3 .. 76) 

All the coefficients are highly significant (at least at the 1% level) and 

display the expected relative values. As in the other companies analyzed 

previously, economies of sc·ale characterize distribution plant costs. 

The marginal cost functions derived from equations (3.75) and (3.76) are 
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MC(TMCF) 24.0965 * TMCF-O.2066 (3 .. 77) 

MC(RMCF) = 38
0
8227 * RMCF-O.3080 * CIPMCFO.0883 (3 .. 78) 

MC(CIPMCF) (3 .. 79) 

The marginal costs for the average community characterized by sample Sl 

figures in table 3.17 are then 

MC(TMCF) -- 1 .. 488 $/MCF 

MC(RMCF) 2.241 $/MCF 

MC(CIPMCF) = 0.357 $/MCF 

The marginal total distribution cost per additional MCF is about six times 

larger in the residential sector, as compared to the nonresidential one, 

and using the total sales marginal cost would lead to a substantial subsi­

dization of the residential customers by the commercial-industrial ones. 

The multiplicative model here also turns out to be the best one. 

The significance of the density variable is rather low. The results are 

therefore presented with and without this variablee As for sample 81 , it 

is not possible to obtain satisfactory models beyond a two-sector market 

disaggregation. The results are 

PS 28 .. 1441 * TMCFO.7775 (R
2 0.784) (3.80) 

(10 .. 61) 

P8 26.1733 i. TMCFO .. 7865 * TEDN-O.0303 (R
2 ° G 784) (3 .. 81) 

(8 .. 63) (0017) 

PS 9 .. 5978 * RMCFO .. 8028 * CIPMCFO .. 0965 (R
2 

0 .. 854) (3 .. 82) 
(6.46) (1" 08) 

P8 = 6.5054 * RMCFO .. 8495 * CIPMCFO .. 0969 * TEDN-O,,1357 (R
2 0 .. 858) 

(6" 31) (1.08) (0" 91) 
(3.83) 
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The density variable is totally insignificant in equation (3.81), and its 

significance level is about 20% in equation (3.83)@ Considering equations 

(3.75), (3.76), (3.80), and (3.82), one can notice that the rates of 

economies of scale are quite similar for both samples in the cases of TMCF 

and CIPMCF, while in the residential case, the rate of economies of scale 

is slightly smaller for S20 Whether the previous result is an indication 

that lesser economies of scale are achieved in the larger communities is 

a somehow premature conclusion, and additional analyses are needed to 

confirm or invalidate this proposition. 

Comparison with the Other Companies 

NFGDC equations (3.75) and (3.76) should be compared with the corres­

ponding equations for LILCO (3.10 and 3.15), for CGOC (3.31 and 3.38), and 

for PG&E (3.45 and 3.54). Although substantial differences exist, NFGDC 

equations compare best with PG&E equations, where the exponents of TMCF, 

RMCF, and CIMCF are equal to 0.707, 0.840,and 0.056. LILCO and CGOC 

display larger economies of sca~e in the residential sector and 

substantially smaller ones in the commercial-industrial sector. 

2. Customers-Related Analysis 

Sample Sl 

The multiplicative model turns out to be superior to the additive one 

in the case of the variable TCUS. No disaggregated model is, acceptable, 

(the sign of the variable CIPCUS is negative). The model is 

PS 1287.3305 * TCUSOa8771 
(32.96) 

0 .. 864) 

The marginal cost function derived from equation (3.84) is 

MC(TCUS) 1129.1047 * TCUS-0.1229 

(3.84) 

(3.85) 

The marginal cost for the average community characterized by sample S1 

figures in table 3 G 17 is then 
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MC(TCUS) 42ge172 $/customer 

Sample S2 

The multiplicative models, which again turn out to be the superior 

ones, are specified for both aggregated and disaggregated variablese In 

addition, the density variable appears to have much higher significance 

levels than when used with the sales variables. The results are 

PS 478.7315 * TCUSlo0080 * TEDN-O .. 2078 (R
2 

0 .. 871) (3 .. 8 6) 
(12.05) (1046) 

PS 767.1275 & RCUSO .. 8092 * CIPCUSOo2183 * TEDN-O.1843 (R
2 

= 0 .. 873) 
(4 .. 19) (1 .. 05) (1~27) 

(3" 87) 

If equation (3.86) is compared to equation (3.84), it would appear that 

lesser economies of scale are achieved with the larger communities 

(sample S2)' which supports the preliminary conclusion derived in the sales 

models case G The dens ity variable is significant at the 10% lt!vel, "and 

its elasticity compares most closely with PG&E density elasticity. 'The 

marginal cost functions derived from equations (3 .. 86) and (3.87) art!' 

MC(TCUS) = 482.5829 * TCUSO,,0080 * TEDN-O.2078 (3.88) 

MC(RCUS) 620.7375 * RCUS-Oe1908 1c CIPCUSO.2183 * TEDN-O.1844 (3 .. 89) 

MC(CIPCUS) 167$4708 * RCUSOe8092 * CIPCUS-O.78l7 * TEDN-O.1843 (3 .. 90) 

The above functions are then used to compute the marginal costs for the 

average community characterized by sample S2 figures in table 3.17, with 

MC(TCUS) 

MC(RCUS) 

356.64 $/customer 

299.15 $/residential customer 

MC(CIPCUS) = 1,524.37 $/non-residential customer 
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b. Land and Land Rights 

1. Sales-Related Analys,;i.s 

Sample Sl 

The mUltiplicative models are again the superior ones. They are 

presented below for three cases: (1) total market, (2) two-sector market, 

and (3) three-sector market, with 

LAR = 0.0000244 * TMCF1.2445 
(10.86) 

0.408) 

LAR = 0.0001709 * RMCFO.9085 * CIPMCFO.2364 
(4.43) (1.64) 

0 .. 393) 

LAR = 0.0002893 * RMCFO.8219 * CPMCFO.2602 * IMCFO.0558 
(3.83) (1 .. 60) (1.11) 

(3.91) 

(3.92) 

0 .. 400) 

(3.93) 

All the coefficients are significant at the 5% level, but the exponent of 

IMCF in equation (3.93) with a significance level at about 15%.. The land 

and land rights component is characterized by economies of scale effects 

with respect to sectoral sales, and the relative values of the different 

elastic·ities are as expected. However, LAR is characterized by diseconomies 

of scale when total sales are considered, and there is no clear explanation 

for this phenomenon. The marginal cost functions derived from equations 

(3.91) and (3.92) are 

MC(TMCF) 0.0000304 * TMCFO.2445 (3.94) 

MC(RMCF) = 0.0001553 * RMCF-O .. 09l5 * CIPMCFO.2364 (3.95) 

MC(CIPMCF) 0.0000404 * RMCFO.8219 * CIPMCF-O.7635 (3.96) 

The marginal land and land rights costs for the average community charac­

terized by sample Sl figures in table 3.17 are then 

70 



MC(TMCF) 

MC(RMCF) 

0$00082 $/HCF 

0.00095 $/MCF 

MC(CIPMCF) = 0.00010 $/MCF 

Sample S2 

Interestingly, the additive models turn out to be superior in this case. 

However, the density variable is never significant. The acceptable models 

are 

LAR = -513.6472 + 0.0036 * TMCF 
(20.96) 

° e 934) 

LAR 443.4687 + 000061 * RMCF + 0000028 * CIPMCF 
(23.64) (0.84) 

(3.97) 

0 .. 985) (3.98) 

The significance of CIPMCF is low, at the 20% level. However, the marginal 

costs, which are here read directly from the equations as the coefficients 

of the sales variables, display the expected relative values and are about 

.four to six times larger than those obtained with sample Slo This would 

confirm the hypothesis that lesser economies of scale are achieved in the 

larger communities. 

2. Customers-Related Analysis 

Sample Sl 

The following multiplicative models are selected as both acceptable 

and superior to the corresponding additive ones 

LAR = 0.0090414 * TCDSl .. 3696 (R
2 = 00427) 

(11.29) 

LAR = 000285463 * RCDSO .. 8532 * CIPCUSO ® 6113 (R2 
0 .. 436) 

(2. 78) (1 u 78) 

LAR = 0@0379849 * RCUSOe7347 * CPCUSO.7392 * ICUSO,,0068 
(2 .. 34) (2.02) (0,,13) 
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The significance of the exponent of ICUS in equation (3.101) is very low, 

which would imply that the number of industrial customers has very little 

impact on the necessary land and land rights. Equation (3.101) implies 

that residential and commercial customers have a similar impact on this 

component. Finally, note that the pattern of economies and diseconomies of 

scale when using aggregated and dis aggregated variables is strictly similar 

to the pattern characterizing the sales-related models. 

Sample S2 

As for the sales-related models, the additive models are the superior ones, 

and the density variable is not significant. The acceptable models are 

LAR = -137.4929 + 1.0919 * TCUS 
(57.55) 

(R
2 

= 0 .. 991) 

LAR = -357.2541 + 0.8796 * RCUS + 5.7123 * CIPCUS 
(3.70) (1.12) 

0 .. 991) 

LAR = -814.32124 + 0.6288 * RCUS + 4 .. 9923 * CPCUS + 202.8004 * ICUS 
(3005) (1.18) (3 .. 99) 

(R2 
= 0.994) 

c. Structures and Improvements 

1. Sales-Related Analysis 

Sample Sl 

(3.102) 

(3.103) 

(3.104) 

The following multiplicative models are both acceptable and superior to 

the corresponding additive ones 

STI = 0.0000564 * TMCFl .. 22l4 (R
2 

= 0.342) (3.105) 
(9 .. 42) 

STI 0 .. 000321 * RMCFO .. 9217 * CIPMCFO.2159 (R
2 

0" 334) (3.106) 
(4 .. 00) (1 .. 33) 
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STI 0.0003955 * RMCFO.8922 * CPMCFO.2207 0.0293 
(3.68) (1.20) * !MCF(0.52) 

(R
2 

= 0.335) 

(3.107) 

All the coefficients are significant at the 10% level except the coeffi­

cient of IMCF in equation (3.107). The patterns of economies of scale 

with respect to sectoral sales and of diseconomies of scale with respect 

to total sales are strikingly similar to those pointed out for the land 

and land rights variable LAR. (See equations 3.91 through 3.93.) The 

marginal cost functions derived from equations (3.105) and (3.106) are 

MC(TMCF) 0.0000689 * TMCF0022l4 (3.108) 

MC(RMCF) = 000002959 * RMCF-O.0783 * CIPMCFO.2159 (3.109) 

MC(CIPMCF) =0 .. 0000854 * RMCFO .. 9217 * CIPMCF-007841 (3.110) 

The marginal structures and improvements costs for the average community 

characterized by sample Sl figures in table 3.17 are then 

MC(TMCF) 

MC(RMCF) 

0000136 $/MCF 

0 .. 00166 $/MCF 

MC(CIPMCF) = 0.00060 $/MCF 

Sample S2 

In this case, the additive specification turns out to be the superior one. 

The density variable is totally insignificant when the total sales are 

considered and weakly significant in the two-sector case. The results 

are 

STI -1176.93 + 000085 * TMCF 
(21 .. 31) 

0.936) 

STI 2272.228 + 0.0148 * RMCF + 0.0003 * CIPMCF - 206.0199 * TEDN 
(31.89) (0.60) (0.84) 

(R
2 

= 0.992) 

73 

(3.111) 

(3.112) 



The residential and nonresidential marginal costs, read directly from the 

equations, are about nine times larger and two times smaller than the 

corre~ponding costs in the case of sample Sl' with the total marginal 

cost being about six times larger than in the case of sample Sl. Overall, 

these results continue to support the hypothesis that lesser economies of 

scale are achieved in the larger communities. 

2. Customers-Related Analysis 

Sample S~ 
~ .i 

The following multiplicative models are selected as both acceptable 

and superior to the corresponding additive ones 

STI 0.01713 * TCUS1e3585 (R
2 

0 .. 365) (3.113) 
(9 .. 91) 

STI 0,,08913 * RCUS 
0 .. 5854 * CIPCUSO .. 9221 (R

2 
0 .. 383) (3.114) = 

(1.70) (2 .. 39) 

It can be noted that the pattern of economies of scale with the sectoral 

variables and of diseconomies of scale with the aggregated variable is 

similar to those found out in the case of the sales models. (See equations 

3.105 and 3.106.) 

Sample S2 

As for the sales-related models, the additive specifications are the 

superior ones. In addition~ the density variable turns out to be signif­

icant. The selected-models are 

STI 2226.698 + 2.6239 * TCUS - 47509217 * TEDN 0 .. 993) (3.115) 
(60,,47) (2.20) 

STI 2074.321 + 265026 * RCUS + 592304 * CIPCUS - 470.554 * TEDN 
(5026) (0@5l) (2013) 

(R2 
= 0,,994) (3.116) 
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STI 786.6148 + 2$0919 * RCUS + 4.6038 * CPCUS + 304 02455 * ICUS 
(4 Q 54) (0.49) (2067) 

- 362 0 1987 * TEDN 
(1,,76) 

(3.117) 

The significance of the commercial customers variable is very low, and it 

may be inferred from the above that in the nonresidential sector, the 

major impact on STI is related to industrial customers .. 

do Mains 

1. Sales-Related Analysis 

Sample Sl 

The multiplicative specification is again the superior one. The 

selected models are 

MAl 100707 * TMCFl ,,0296 (R
2 0,,615) (3.118) 

(16 .. 51) 

MAl 1 .. 84172 * RMCFJ. 9211 * CIPMCFO.l175 (R
2 

00677) (3.119) 
(9 .. 14) (1&66) 

All the coefficients are significant at the 5% level.. The relative values 

of the residential and nonresidential sales elasticities are as expected 

and imply economies of scale with respect to sectoral sales.. However, 

mains are characterized by very slight diseconomies of scale when total 

sales are considered, as was the case with the variables LAR and STI.. The 

marginal cost functions derived from equations (3.118) and (3.119) are 

MC(TMCF) 1.1398 * TMCFO.0296 (3.120) 

MC(RMCF) 1.6964 * RMCF-000789 * CIPMCFO.1175 (3.121) 

MC(CIPMCF) 0&2165 * RMCFO.92ll * CIPMCF-O .. 8824 (3.122) 
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The marginal mains costs for the average community characterized by 

sample Sl figures in table 3.17 are then 

MC(TMCF) 1.69868 $/MCF 

MC(RMCF) 2.71985 $/MCF 

MC(CIPMCF) = 0043319 $/MCF 

Sample S2 

The multiplicative specification is the superior one. The signifi'"'"' 

·cance of the density variable is low in the case of the aggregate sales 

model, and therefore results are given with and without this variable. In 

the case of the two-sector model, the density variable has a significance 

level of 15%. The results are 

\~I 
17.9452 * TMCFO.7836 (R

2 
0 .. 759) 

(9 .. 88) 

MAl 15.1248 * TMCFO.8048 * TEDN-0007l4 (R2 0.760) 
(8" 17) (0.37) 

(3.123) 

(3.124) 

MAl 3.7767 * RMCrP· 86l3 * CIPMCFO,,1041 * TEDN-O.1770 0.831) 
(5.73) (1.04) (1 .. 06) 

(3.125) 

The comparison of equations (3.125) and (3.119) indicates that a higher 

rate of economies of scale with respect to residential sales characterizes 

the larger communities, while this feature is reversed in the case of 

nonresidential sales. With respect to total sales, the rate of economies 

of scale is significantly larger in the present case" Therefore, the 

present results would tend to support the hypothesis that larger economies 

of scale can be achieved in the larger communities. 

2. Customers-Related Analysis 

Sample Sl 

The only acceptable model is the multiplicative one with the aggregate 

number of customers 
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MAl 134.426 * TCUSle1483 
(18Q2l) 

0 .. 660) (3.126) 

The above model displays the same slight diseconomies of scale as the 

sales-related model. (See equation 3.118.) 

Sample S2 

The. acceptable models are 

MAl 298 .. 3278 * TCUS1e0302 * TEDN-O .. 2516 (R2 0 .. 845) (3.127) 
(10097) (1.57) 

MAl 45608266 * RCUSO.8628* ClPCUSOo1807 * TEDN-O .. 2322 (R
2 = 0 .. 846) 

(3.95) (0.77) (1042) 
(3.128) 

The significance of the variable ClPCUS in equation (3.128) is rather low 

(about 20%)0 The significance of the density variable TEDN is higher 

(less than 10%). The sectoral elasticities are in the same ranges as those of 

the sales-related model. (See equation 3.125.) 

e. Measuring and Regulating· Stations 

1. Sales-Related Analysis 

Sample Sl 

The multiplicative specification is the superior one, and the selected 

models are 

MRS 

MRS 

080000946 * TMCF1.3809 
(11 .. 17) 

0 .. 422) 

0.0011062 * RMCFOu8799 * ClPMCFO .. 3745 
(4.02) (2.43) 
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~S 0.0019346 * RMCFO.8316 * CPMCFO@3435 * IMCFO.0789 
(3.62) (1.97) (1.47) 

0.423) 

(3.131) 

All the coefficients are significant at, at least, the 10% level. The 

relative values of the sectoral elasticities are as expected, and all imply 

economies of scale with respect to sectoral sales. However, the pattern of 

diseconomies of scale with respect to total sales, noticed for the previous 

components, is also present here. The marginal cost functions derived from 

equations (3.129) and (3.130) are 

MC(TMCF) = 0.0001306 * TMCFO.3809 

MC(RMCF) = 0.0009734 * RMCF-O.1201 * CIPMCFO.3745 

MC(CIPMCF) 0.0004143 * RMCFO.8316 * CIPMCF-O.6255 

The marginal measuring and regulating stations costs for the average 

community characterized by sample Sl figures in table 3.17 are then 

MC(TMCF) 0.02219 $/MCF 

MC(RMCF) 0.02381 $/MCF 

MC(CIPMCF) = 0.00678 $/MCF 

Sample S2 

(3.132) 

(3.133) 

(3.134) 

Again the multiplicative specification is the superior one. The density 

variable is significant at the 15% level in the total sales model, and at 

the 2.5% level in the two-sector sales model. The selected models are 

MRS 0.63398 * TMCFO.7880 * TEDN-O.1768 (3.135) 
(8.62) (0.99) 

MRS = 0.13818 * RMCFO.8696 * CIPMCFO.0895 * TED~0.2925 0.858) 
(6.71) (1.04) (2.04) 

(3.136) 
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The comparison of equations (3.136) and (3.130) points out a much higher 

rate of economies of scale with nonresidential sales in the larger 

communities, whereas this rate does not change significantly with respect 

to residential sales. These sectoral effects lead to overall higher 

economies of scale in the larger communities when total sales are 

considered. Similar to the main-related analysis in the previous 

section, these results tend to support the hypothesis that larger economies 

of scale can be achieved in the larger communities. 

2. Customers-Related Analysis 

Sample SI 

The acceptable models are 

MRS 

MRS 

0.0597 * TCUSl.5384 
(11.87) 

0.452) 

0.3644 * RCUSO.7032 * ClPCUSO.9899 
(2.16) (2.72) 

0 .. 469) 

MRS = 0.3980 * RCUSO.7053 * CPCUSO.9411 * lCUSO.0210 
(2. 11) (2.41) (0. 39) 

(3.137) 

(3.138) 

0.468) 

(3.139) 

The significance of the coefficient of lCUS in equation (3.139) is very 

low, and it therefore appears that in the nonresidential sector, the 

major impact on MRS is related to commercial customers. 

Sample S2 

The acceptable models are 

MRS 11.8009 * TCUSl.008l * TEDN-O.3526 0 .. 857) 
(11.90) (2.45) 

MRS 21.4219 * RCUSO.7300 * ClPCUSO.3ll8 * TEDN-O.3190 
(3.79) (1.50) (2.20) 
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The significance of the density variable is quite high (2.5% level), as it 

was the case in the sales-related model (3.136). Larger economies of scale 

are achieved in the larger communities with respect to nonresidential 

customers, and this confirms the pattern noticed in the sales-related 

models. 

f" Services 

1. Sales-Related Analysis 

Sample S1 

The acceptable models are 

SER = 0.4871 * TMCFO.9670 
(27.26) 

0.813) 

SER 1.6691 * RMCFO.7195 * CIPMCFO. 1966 
(12.20) (4.74) 

(3.142) 

0 .. 834) (3.143) 

All the coefficients are highly significant (at the 0.01% level) and imply 

economies of scale. The relative values of the residential and non­

residential elasticities are as expected. The comparison of equation 

(3.143) with the similar equation for mains (3.119) shows that the services 

components are characterized by higher economies of scale in the residen­

tial sector and lesser ones in the commercial-industrial sector. The 

marginal cost functions derived from equations (3.142) and (3.143) are 

MC(TMCF) = 0.4710 * TMCF-O.0330 (3.144) 

MC(RMCF) 1.2010 * RMCF-O.2805 * CIPMCFO.1966 (3.145) 

MC(CIPMCF) 0.3281 * RMCFO.7195 * CIPMCF-O.8034 

The marginal services costs for the average community characterized by 

sample 51 figures in table 3.17 are then 
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MC(TMCF) 

MC(RMCF) 

0.30176 $/MCF 

0.38985 $/MCF 

MC(CIPMCF) = 0.13291 $/MCF 

Sample S2 

The density variable turns out to be insignificant. The acceptable models 

are 

SER 6.1161 * TMCFO.7532 
(8.31) 

0 .. 690) 

SER = 2.0774 * RMCFO .. 7846 * CIPMCFO.0894 
(4.72) (0.74) 

(3.147,) 

0.755) (3.148) 

The significance of the coefficient of CIPMCF in equation (3.148) is rather 

low (at about the 20% level). The comparison of equations (3.147) and 

(3.142) indicates that a higher rate of economies of scale is achieved in 

the larger communities. However, the comparison of the sectoral models 

(3.148) and (3.143) shows that this is only true for the commercial­

industrial sector, whereas slightly less economies of scale are achieved 

with respect to residential sales in the larger communities .. 

2. Customers-Related Analysis 

Sample Sl 

The only acceptable model is the multiplicative one with the aggregate 

number of customers 

SER = 4903229 * TCUSlo0607 
(30.45) 

Sample S2 

0 .. 844) (3.149) 

Here also the only acceptable model is the aggregate multiplicative one 
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SER = 122.7594 * TCUSOe9038 
(9.89 ) 

00759) (3.150) 

The comparison of equations (3.149) and (3.150) confirms the hypothesis 

that higher economies of scale for services are achieved in the larger 

communities. 

g. Meters and House Regulators 

1. Sales-Related Analysis 

Sample S1 

The acceptable models are 

MER = 9.5988 * TMCFO.7079 
(21.31) 

0.726) 

MER = 17.9205 * RMCFO.6138 * CIPMCFO.0751 
(10.80) (1.88) 

(3.151) 

(R2 = 0.744) (3. 152) 

All the coefficients are significant at, at least, the 5% level, and imply 

significant economies of scale, in particular in the nonresidential 

sector. The resulting marginal cost functions are 

MC(TMCF) = 6.7946 * TMCF-O@2921 (3.153) 

MC(RMCF) 1009994 * RMCF-O.3862 * CIPMCFO.0751 (3.154) 

MC(CIPMCF) 1.3460 * RMCFO.6138 * CIPMCF-0.9249 (3.155) 

The marginal meters and house regulators costs for the average community 

characterized by sample 51 figures in table 3.17 are then 

MC(TMCF) 0.13240 S/MCF 

MC(RMCF) = 0.19606 S/MCF 

MC(CIPMCF) = 0.02994 $/MCF 
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Sample S2 

The acceptable models are 

MER = 2.0173 * TMCFO.8160 * TEDN-O.1370 0 .. 759) 
(8.33) (0.72) 

MER = 0.6852 * RMCFO.8053 * CIPMCFO .. 1471 * TEDN-O.2236 
(5.14) (1.41) (1.29) 

(3.156) 

0.814) 

(3.157) 

The significance of the density variable is at the 20% level in equation 

(3.156) and at the 10% level in equation (3.157). The comparison of these 

equations with equations (3.151) and (3.152) indicates that lesser 

economies of scale are achieved in the larger communities. 

2. Customers-Related Analysis 

Sample Sl 

The only acceptable model is the multiplicative one with the aggregate 

number of customers 

MER = 275.0448 * TCUSO.7805 
(23.42) 

Sample S2 

(R2 = 0.762) (3.158) 

In this case, both the aggregate and two-sector multiplicative models are 

acceptable 

MER = 45.9453 * TCUS1.0282 * TEDN-O.3024 0 .. 828) 
(10.45) (1.81) 

MER = 113.1802 * RCUSO.5602 * CIPCUSO.5349 * TEDN-O.2440 
(2.61) (2.31) (1.51) 

(3.159) 

0.848) 

(3.160) 

The comparison of equations (3.158) and (3&159) confirms the hypothesis 

that as far as meters and regulators are concerned, lesser economies of 
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scale- are achieved in the larger communities. Also, note that the density 

variable is significant at, at least, the 10% level. 

h. Synthesis of the NFGDC Analysis 

Some general conclusions emerge from the previous analysis. 

(1) The cost variations of the different components of the distribution 

plant are best explained by the multiplicative model, as was the 

case for the other companies. Note that the additive model, which 

implies constant marginal costs, is superior for two minor components 

(land and land rights, and structures and improvements) when sample 

S2 (ieee, the larger communities) is used. It can therefore be 

concluded that in most instances, the cost effects of the different 

market sectors are nonseparable. 

(2) All the cost functions are characterized by economies of scale with 

respect to sectoral sales. The residential sales elasticity varies 

between 0.614 (meters and house regulators) and 0.922 (structures and 

improvements). The nonresidential sales elasticity varies between 

0.075 (meters and house regulators) and 0.374 (measuring and 

regulating stations). 

(3) The significance of the density variable is generally low. It scores 

best in the cases of measuring and regulating stations, meters and 

house regulators, and mains. Such a disappointing result calls for 

further investigatione It is possible that sample S2 is too small 

and not enough diversified as far as population density is concerned, 

and further data gathering may prove a beneficial investment. 

(4) The comparison of the results for samples S1 and S2 would imply 

that higher rates of economies of scale with respect to sectoral sales 

are achievable in the larger communities for mains and measuring and 

regulating stations. The opposite conclusion would be true for the 
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other distribution plant components. These results cannot be viewed 

as definitive but indicate that a segmentation of the communities by 

size and the specification of econometric models for different market 

segments might better account for size effects and lead to better, 

more accurate models. 

In order to get an overview of the various models' performances the 

total and two-sector sales models derived with sample Sl have been used 

to compute the plant components corresponding to the average figures in 

table 3.17 (TMCF = 714,926 MCF; RMCF = 396,903 MCF; CIPMCF = 318,023 MCF). 

The results are presented in Table 3.18. 

TABLE 3.18 

COMPARISON OF MODEL-CALCULATED AND AVERAGE PLANT VALUES 
FOR THE AVERAGE NFGDC COMMUNITY 

Plant 
Component 

LAR 

STI 

MAl 

MRS 

SER 

MER 

TOTAL 

PS 
Source: 

(In Dollars) 

Total Sales Two-Sector 
Models Sales Models 

$ 471 $ 417 

797 715 

1,179,518 1,171,998 

11,488 10,742 

223,105 215,045 

133,727 126,781 

$1,549,106 $1,525,698 

$1,340,764 $1,285,537 
Author's calculations. 

Sample Sl 
Actual Average 

Values 

$ 3,267 

5,836 

815,216 

18,025 

166,546 

126,041 

$1,134,931 

$1,134,931 

The results obtained with the total and two-sector sales models are very 

similar, very slightly lower in the case of the two-sector sales models. 

The most significant differences between the model-calculated and the 

actual average values pertain to the mains and services costs that the 

models overestimate by 44% and 29%, respectively. Although the results 

only characterize the average community, they are indicative of the need to 

improve the analysis and obtain more accurate models. Another important 

comparison is between the sums of the values of the individual plant 
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components ("Total" in table 3.18) and the values obtained by using the 

models calibrated while using directly the total distribution plant 

variable PSG (See equations 3.75 and 3.76.) The sum of the individual 

components is about 15% to 18% larger than the value derived from the PS 

model. Such a result is not surprising. Indeed, a single-equation 

estimation procedure has been used for variables that are not independent, 

i.ee, the sum of the individual plant components must be equal to PSG (See 

equation 3.74.) It is possible that the use of simultaneous-equations 

estimation procedures might reduce the observed discrepancies, although 
17 such a conclusion cannot be a priori taken for granted. 

Finally, the sectoral and total sales marginal costs computed in the 

previous sections for the average community of sample S1 are presented in 

table 3.19, together with the average total sales costs computed on the 

basis of the data in table 3.17. 

Plant 
Component 

LAR 

STr 

MAl 

MRS 

SER 

MER 

TOTAL 

PS 

TABLE 3.19 

SUMMARY OF MARGINAL AND AVERAGE COSTS 
FOR THE AVERAGE NFGDC COMMUNITY 

(In Dollars per XCF) 
Total Sales 

Sectoral Sales Marginal Costs Marginal 
Residential Nonresidential (1) Costs 
Sector(l) Sector(2) (2) 

0,,00095 0 .. 00010 9 .. 50 0.00082 

0.00166 0.00060 2.77 0 .. 00136 

2 .. 71985 0 .. 43319 6.28 1.69868 

0 .. 02381 0.00678 3 .. 51 0 .. 02219 

0 .. 38985 0.13291 2 .. 93 0.30176 

0 .. 19606 0 .. 02994 6 .. 55 0 .. 13240 

3.33218 0 .. 60352 5 .. 52 2 .. 15721 

2 .. 24123 0 .. 37500 6 .. 28 1 .. 48798 
Source: Author ' s calculations.. 

Total Sales 
Average 

Costs 

0.00457 

0.00816 

1.14028 

0.02521 

0.23295 

0 .. 17630 

1 .. 58747 

1 .. 58747 

17S@e, for instance: P. Rao and R.L. Miller, "Simultaneous Equations Model", 
ih Applied Econometrics (Belmont CA: Wadsworth Publishing Company, Inc.), 
chap. 8, p. 185. 
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As could be expected, the sums of the marginal costs computed for each 

plant component are larger than the marginal costs computed with the total 

plant (PS) equations. The ratio between residential and nonresidential 

marginal costs varies between 2.77 and 9.50. However, a ratio of 6 is 

probably best representative of this relationship when the total distribu­

tion plant is considered. When total sales are considered, marginal costs 

appear larger than average costs when the individual components are 

considered. However, this conclusion is reversed when using the total 

plant (PS) equation. Thus, additional analyses are called for to ascertain 

the relationship between marginal and average costs for the average (or any 

other) community. 

Synthesis of the Econometric Analyses and Possible Extensions 

Some major commonalities emerge from the previous analyses. Probably 

the most important one is the nonseparability of the distribution plant 

costs incurred to serve the different sectoral markets of the utility_ 

Such a result is not surprising in view of the complex and nonseparable 

linkages that exist among the different customers served by the same 

pipeline network. The second most important commonality is related to the 

economies of scale achieved with respect to both residential and non­

residential gas sales. The two previous results imply that the sectoral 

sales marginal costs are (1) decreasing with the sector's size, and (2) 

depending upon the size of the other sector(s). Third, the density 

variable turns out to be highly significant for two companies (LILCO and 

PG&E), weakly so for NFGDC, and not at all for CGOC. The disappointing 

results for the two last companies call for additional investigations and 

may be related to poor quality data or to too small variations of the 

density variable. Finally, the PG&E analysis has demonstrated the 

usefulness of accounting for weather parameters when the utility's service 

territory is climatologically heterogeneous@ 

The elasticities of residential sales, nonresidential sales, and 

density for the four companies are presented in table 3.20. (The values 

for NFGDC correspond to sample S2 analysis, where the density variable is 

considered.) 
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TABLE 3 .. 20 

SUMMARY OF SALES AND DENSITY ELASTICITIES 

Non-
Residential Residential 

Utili ty Sales Sales Density 
Elasticity Elasticity Elasticity 

Long Island Lighting 0.737 OQ154 -0.176 
Company 

Columbia Gas of Ohio 0.583 0.309 NA 
Company 

Pacific Gas & Electric 0.840 0.069 -0.251 
Company 

National Fuel Gas Distri- 0.849 0 .. 096 -0.136 
bution Corporation 

Source: Author's calculations. 

The data in table 3.20 point out a considerable similarity between 

PG&E and NFGDC with respect to the sales elasticities. LILCO and CGOC 

display higher economies of scale in the residential sector and lesser 

ones in the nonresidential sector. These interutility variations consti­

tute an interesting and important area for further analysis and research. 

The variations of the sales elasticities are most likely due, in part, to 

variations in customers' sizes, and the introduction of these variables 

into the models should be tested. Another source of variations may be 

rela ted to variable load characteristics (load factor, peak load) for a 

given sector among the different communities of the service area. These 

load characteristics can be determined on the basis of historical monthly 

consumptions and degree-days data. Such a determination for each community 

may be quite time consuming. However, this analysis is much more feasible 

at the level of company division and may permit a preliminary test of the 

importance of these variables. 
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CHAPTER 4 

UTILITY COST MINIMIZATION AND MARGINAL COST PRICING EVALUATION -

APPLICATION TO THE EAST OHIO GAS COMPANY 

The purpose of this chapter is to present the structure of the Gas 

Utility Marginal Cost Pricing Model (GUMCPM) and the results of its appli­

cation to the East Ohio Gas Company. In the first section, after an 

overview of the model's organization and logic, its different submodels are 

described in detaile In the next section, the assumptions used in applying 

the model to the East Ohio Gas Company (EOGC) are specified, the results 

thoroughly analyzed, and the feasibility and worth of a marginal cost 

pricing policy assessed. In the final section, some possible extensions of 

the model are outlined. 

Structure of the Gas Utility Marginal Cost Pricing Model (GUMCPM) 

An Overview of the Model 

A general flow diagram of the model is presented in figure 4.1. The 

model consists of three major, interlinked blocks: (1) Exogenous data and 

assumptions, (2) Average cost pricing policy, and (3) Marginal cost pricing 

policy. The computer program of the model, a listing of which is presented 

in appendix E, is organized into a main program, where the basic data and 

assumptions are specified, and various subprograms - LOAD, MARCOS, DIST, 

REVREQ, EVALl, EVAL2 - also indicated in figure 4e19 

The exogenous data and assumptions include (1) market-related para­

meters such as sectoral market growth, base and space-heating load 

coefficients, and price elasticities of monthly gas demands; (2) supply­

related parameters such as maximum supplies and rates for the different 

available suppliers; and (3) utility-related parameters such as operating 
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EXOGENOUS DATA AND ASSUMPTIONS I 

! 
AVERAGE COST PRICING POLICY MARGINAL COST PRICING POLICY 

Monthly Sectoral 
Loads Calculation 

IIteration 11 
I IT '" 1 

(LOAD) ~ 
~ Monthly Sectoral Loads 

Utility Supply, Operating Total ~ Calculation 
and Capacity Costs 

.". 
Marginal (LOAD) 

Minimization Cost 
~ (MARCOS) Calculation 

Test of 
Supply-Demand Yes 

Distribution Plant Equilibrium 
Incremental Capacity - ! No Calculation 

(DIST) 

~ 
~ Utility Supply Operating 

and Capacity Costs 
Total New Plant Minimization 
Calculation (MARCOS) 

~ 
Distribution Plant 1 Financial AnalYsisl-~ Average Incremental Capacity 

(REVREQ) Reference Calculation 
Volumetric (DIST) 

Rate 1 
ITotal New Plant Calculation I 

Evaluation of 1 
Average Cost lFinanCial AnalYSisl 

Pricing Policy (REVREQ) 
(EVALl) ~ 

Evaluation of Marginal 
Cost Pricing Policy 

(EVAL2) 

~ I Next Iteration I 
IT .. IT + 1 

~ 
YNew Total Marginal Costs I 

Figure 4.1 Structure of the Gas Utility Marginal 

Cost Pricing Model (GUMCPM) 
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and capacity costs, maximum capacity expansions, the allowed rate of 

return, and other financial parameters (taxes, etc.). 

The above data and assumptions are first used in the Average cost 

pricing policy block, where the monthly loads of the residential, 

commercial, and industrial sectors are calculated while using historically 

determined base and space-heating load coefficients and neglecting the 

price-effect component of the monthly load (demand) functions. These loads 

are then inputs to the utility supply, operating, and capacity costs 

minimization submodel that determines the optimal trade-off between supply 

mix and own production, storage and transmission operations, and capacity 

expansion decisions, subject to satisfying the above-mentioned loads and 

various utility-related technological constraintse The format of this cost 

minimization model is a linear program that yields automatically as an 

important by-product shadow prices for the monthly load constraints 

(satisfaction of demand), and these shadow prices are precisely the 

marginal costs incurred by marginal increases in demand. Note, however, 

that these marginal costs are defined only with respect to the costs 

considered in the linear program. Therefore, these marginal costs will 

have to be complemented by other marginal costs such as the distribution 

capacity marginal costs computed in the next step, together with the total 

new distribution plant. The total new plant (production, storage, 

transmission, distribution) is then calculated and serves as an input to 

the financial analysis submodel that very much replicates the financial 

analysis typically made in the context of rate cases. The utility's rate 

base is first calculated, and then so is the revenue from gas sales 

necessary to provide the allowed rate of return on this rate base. This 

revenue, divided by the total annual gas load, yields the appropriate 

average volumetric rate. This rate will be used as the reference rate when 

price effects are considered in load calculations within the Marginal cost 

pricing policy block. In other words, it is assumed that the price-effect 

components of the monthly load equations are equal to one when the monthly 

rates are set equal to the above average volumetric rate. 

equilibrating procedure is outlined in the last sectione) 

(An alternative 

Finally, the 

average cost pricing policy is evaluated with respect to criteria such as 
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(1) total gas consumption, (2) peak monthly load, (3) load factor, and (4) 

consumers' and producer's surpluses (two measures of the overall economic 

efficiency of the pricing policy). 

The Marginal cost pricing policy block consists of a repetition of a 

calculation cycle until an equilibrium between monthly gas supplies and 

demands is eventually reached, wherein the demands are determined by prices 

set equal to the total marginal costs of these demands 9 If this equi­

librium is not reached, the calculations are terminated after a specified 

number of iterations. At the first iteration, the monthly sectoral loads 

are calculated while setting monthly rates equal to the total marginal 

costs derived from the Average cost pricing policy block. The resulting 

loads, necessarily different from those used in the Average cost pricing 

policy block, are then inputs to, and constraints for, the utility supply, 

operating, and capacity costs minimization submodel. The subsequent 

calculations are similar to those of the Average cost pricing policy block, 

up to the evaluation of the marginal cost pricing policy. The new total 

marginal costs corresponding to the sectoral loads are then computed and 

become inputs, in the next iteration, to the monthly load equations. If 

the new loads are equal to the loads computed in the previous iteration, it 

is then clear that the equilibrium has been reached. If this is not the 

case, the previous cycle of calculations is repeated@ 

The following subsections describe the structure of the different 

submodels and their adaptation to the specific features of the East Ohio 

Gas Company (EOGC) that serves the northeastern part of Ohio, including the 

cities of Cleveland, Akron, Canton, Warren, and YoungstownQ It is the 

largest gas distribution utility in Ohio with respect to the number of 

customers: in 1977, the EOGC had 908,758 residential customers, 52,867 

commercial customers, and 1,108 industrial customers. The data used have 

been drawn from the annual reports of the EOGC to the Federal Power 

Commission 18 and to the Public Utilities Commission of Ohio for the period 

1970-1977 or have been obtained directly from the EOGC® 

18Now the Federal Energy Regulatory Commission. 
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The Load Analysis Submodel 

The monthly gas requirements depend upon the specific characteristics 

and mix of the end-use customers, upon weather severity measured in 

degree-days, and in the longer term, upon gas pricese . The EOGC's 

customers have been aggregated into three categories: residential, 

commercial, and industrial. Their observed monthly requirements (or loads) 

for the year 1972 have been regressed on the corresponding monthly 

degree-day values. This year has been selected because it was the most 

recent one (as from 1977) without curtailments, and therefore actual 

industrial usage closely approximated potential industrial requirements. 

The following regression models were obtained, with DGMROm, DGMCOm, and 

DGMIOm being defined as the residential, commercial, and industrial 

requirements during month m, and DUm as the corresponding number of 

degree-days 

DGMROm 3,203.742 + 23.912 * DDm (MMCF) (4 .. 1) 

(R2 = 0 .. 989) 

DGMCOm 1,516 .. 625 + 9 .. 104 * DUm (MMCF) (4 .. 2) 

(R2 == 0 .. 989) 

DGMIOm 10,179 .. 264 + 3 .. 567 * DUm (MMCF) (4 .. 3) 

(R2 == 0 .. 920) 

The corresponding total gas requirements DGMTOm are then 

DGMROm + DGMCOm + DGMIDm 14,899.621 + 36.583 * DUm (4.4) 

Equations (4 .. 1) through (404) are assumed to characterize the base or 

existing gas market throughout the following analysis. In equations (4.1) 

through (4.4), the first coefficient represents the base load, independent 

of weather, and the second one represents the space-heating load per 

degree-day. For an average annual number of degree-days equal to 6258, the 
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residential, commercial, and industrial base loads correspond to 20.5%, 

24.2%, and 84.5% of the total sectoral load, respectively. For example, 

the residential base and space-heating loads represent 20.5% and 79.5% of 

the total residential load. Throughout the following analysis, 30-year 

average values of the monthly degree-days are used.. These values, together 

with the corresponding base market sectoral and total loads, are presented 

in table 4 .. 1. 

TABLE 4.1 

AVERAGE HONTHLY DEGREE~DAYS AND SECTORAL A "l\Tn 'I,(VT' AT T {\ A nQ 
ru'lU .LV.L.n.LJ WVLl..UU 

Honth 

1 .. April 

2 .. May 

3.. June 

4.. July 

5. August 

6 .. September 

7. October 

8.. November 

9.. December 

10 .. January 

11 .. February 

12 .. March 

Total 

Average 

Degree­

Days 

506 .. 6 

248.2 

50 .. 5 

11 .. 0 

18 .. 9 

120 .. 5 

371 .. 6 

712 .. 6 

1,071 .. 6 

1,207 .. 7 

1,046 .. 3 

892.5 

6,258 .. 0 

Residential 

Load 

DGMRO 

15,317 .. 56 

9,138.70 

4,411..30 

3,466 .. 77 

3,655 .. 68 

6,085 .. 14 

12,089 .. 44 

20,243 .. 44 

28,827 .. 85 

32,082 .. 27 

28,222 .. 87 

24,545 .. 20 

188,086 .. 22 

Source: Author's calculations .. 

Commercial 

Load 

DGMCO 

6,128.71 

3,776 .. 24 

1,976 .. 38 

1,616 .. 77 

1,688 .. 69 

2,613 .. 66 

4,899 .. 67 

8,004 .. 14 

11,272 .. 47 

12,511 .. 53 

11,042 .. 14 

9,641 .. 95 

75,172 .. 34 

Industrial 

Load 

DGMIO 

11,986.31 

11,064 .. 60 

10,359 .. 40 

10,218 .. 50 

10,246 .. 68 

10,609 .. 09 

11,504 .. 76 

12,721 .. 11 

14,001..66 

14,487 .. 13 

13,911 .. 42 

13,362 .. 81 

144,473 .. 48 

(MMCF) 

Total 

Load 

DGMTO 

33,432 .. 59 

23,979.53 

16,747 .. 07 

15,302 .. 05 

15,591.05 

19,307.88 

28,493 .. 88 

40,968.68 

54, lOL, 98 

59,080 .. 92 

53,176.43 

47,549 .. 96 

407,,732 .. 04 

The next step is to introduce price effects in the monthly sectoral 

load functions.. It is assumed that these effects interact multiplicatively 

with the weather-related components as described by equations (4 .. 1) through 

(4 .. 3) and are characterized by constant price elasticities. The constant 

elasticity assumption has been found to be appropriate at the annual levele 
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Nelson,19 for instance, estimated an elastici ty of -0 .. 280, and derived, 

through regression analysis, a predictive model for total arinual energy 

demand of the multiplicative form, where the price and weather effects 

constitute two of the most significant factors. However, it seems that 

very little information is available on demand elasticities at the 

intraannual level, such as the month.. In view of the resulting uncer­

tainty, sensitivity analyses are necessary to assess the impacts of 

alternate elasticity values within reasonable ranges.. If ELm is the 

elasticity for month m, and Pm the corresponding price, the price effect 

PEm is assumed to be measured by the quantity 

(
Pm )ELro 

PEm = PAVG (ELm < 0) (4.5) 

where PAVG is a reference price for which the price effect is equal to one. 

This reference price is, in the present approach, set equal to the average 

volumetric rate, enabling the utility to earn its allow~d operating income 

exactly. (PAVG is determined in the financial analysis submodel of the 

Average cost pricing policy block .. ) The sectoral monthly elasticities are 

noted ELRm, ELCm, and ELIm for the residential, commercial, and 

industrial sectors, respectively. 

It is finally necessary to account for the change in demand due to 

market growth.. If RMR, RMC, and RMI represent the residential, commercial, 

and industrial sectors growth rates, then the complete monthly sectoral 

load functions can be specified qS 

*(P:~G ) 
ELRm 

DGMRm DGMROm * (1 + RMR) (4.6) 

DGMCm DGMCOm * (1 + RMC) *(~) ELCm 
PAVG 

(4.7) 

DGMIm 
e yLlm 

DGMIOm * (1 + RMI) * P~VG (4.8) 

19J" P .. Nelson, "The Demand for Space Heating Energy," The Review of 
Economics and Statistics, 1975, pp. 508~12. 
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In the application of the model, the three market growth rates are taken 

equal to 0.5 (50%). As mentioned in the overview of the model, the price 

effects are neglected in the Average cost pricing policy block. This is 

simply done by setting initially the Pm's (m = 1~12) and PAVG equal to 

1. In the Marginal cost pricing policy block, the Pm's are set equal to 

the corresponding monthly total marginal costs, and PAVG is taken as the 

average volumetric rate determined by the financial analysis submodel at 

the end of the Average cost pricing policy block. 

The Utility Supply, Operating, and Capacity Costs Minimization Submodel 

There are noticeable variations in the structure of gas distribution 

utilities in terms of the characteristics of their suppliers (number, 

maximum supplies, rate structure, take-or-pay clauses, etc.), of their own 

gas production, of their own storage system or of the storage they rent, 

and of the importance of their transmission system. It is therefore 

necessary to adapt the costs minimization submodel to the specific features 

of the utility dealt with. In the following subsections, the supply, 

production, storage, and transmission components of the EOGC are described, 

and the corresponding mathematical relationships and constraints are 

formulated. In the final subsection, the submodel is summarized and the 

objective function - the total system cost - formulated. 

a. EOGC Gas Supply 

From 1970 to 1977, the EOGC has purchased between 87% and 91% of its 

annual supply from two interstate pipeline companies: The Consolidated Gas 

Supply Corporation (71% to 74%) and Panhandle Eastern Pipeline Company 

(13.5% to 18.4%)~ The remainder was obtained from wellhead and field-line 

purchases in Ohio, as well as, to a small extent, from production by EOGC 

itself. The latter will be discussed in the next subsection. 

In the model, the monthly purchases from Consolidated and Panhandle 

are noted SUPlm and SUP2m for month m, respectivelY0 In order to keep 
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up with seasonal definitions and constraints, the year is defined as the 

period extending from April 1 to Harch 31 (with months numbered 

accordingly)g It is assumed that there are limits to the total annual 

supplies purchasabl~ from these two companies. These limits are noted 

SUPIT and SUP2T for Consolidated and Panhandle, respectively& These 

constraints are expressed mathematically as 

12 
LSUPlm ~ SUPlT: Consolidated's annual supply (4.9) 

m=l 

12 
:2, SUP2m ~ SUP2T: Panhandle's annual supply (4.10) 

m=l 

The rate structure of Consolidated includes a commodity charge, CCl, 

related to the amount actually purchased, a demand charge, DCI, related to 

the maximum allowable daily purchase DAYMXl, and a winter requirement 

charge, WRC, related to the total winter gas purchases (from November 1 to 

March 31)& The rate structure of Panhandle, in addition to a commodity 

charge, CC2, and a demand charge, DC2, includes a take-or-pay clause 

stating that the minimum monthly bill must include a minimum commodity 

charge based upon 75% use of the demand contract DAYMX2. The demand 

contracts DAYMXl and DAYMX2 are taken, in this analysis, as decision 

variables of the model. Assuming that the monthly purchases SUPlm and 

SUP2m are uniformly spread over the month, the following maximum monthly 

purchases constraints must hold for each month m (where Nm is the number 

of days in month m) 

SUPlm - Nm DAYMXl < 0 (m 1+ 12): Consolidated (4.11) 

SUP2m - Nm DAYMX2 < 0 (m 1 + 12): Panhandle (4.12) 

The take-or-pay clause of Panhandle makes it necessary to introduce into 

the model a new monthly variable, SUPVm, equal to the highest of (1) the 

actual monthly supply SUP2m and (2) 75% of the monthly equivalent of 
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the daily demand contract@ The following constraints ensure the endogenous 

determination of SUPVm 

SUPVm - SUP2m ~ 0 (m 1 -+ 12) 

1 -+ 12) 

The total annual cost of supply from Consolidated, CTSl, includes 

commodity, winter requirement, and demand costs, with 

12 12 
CTSl L CCI * SUP1m] + 12 * [L WRC * SUPlm] + 12 * DCI * DAYMXI 

m=l m=8 

The total annual cost of supply from Panhandle, CTS2, includes commodity 

and demand costs, with 

CTS2 
12 

[ L CC2 * SUPVm] + 12 * DC2 * DAYMX2 
m=l 

(4.13) 

(4.14 ) 

(4.15) 

(4.16) 

The intrastate wellhead and field-line purchases are assumed constant 

over tirnee The monthly wellhead and field-line purchases, SUPWH and SUPFL, 

are limited by maximum production capacities SUPWHT and SUPFLT, hence the 

constraints 

SUPWH < SUPWHT: maximum wellhead purchases (4.17) 

SUPFL < SUPFLT: maximum field-line purchases (4.18) 

The above purchases are assumed subject to commodity charges only, noted 

CWH and CFLa The total annual cost of wellhead and field-line purchases, 

CmF, is then 

CTWF 12 * [CWH * SUPWH + CFL * SUPFL] 
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The actual rate values used in the model are those which were in 

effect in 1977, with 

CCI 1,202 .. 4 $/MMCF 

DCl 980 .. 0 $/MMCF 

WRC 8 .. 075 $/MMCF 

CC2 1,009 .. 2 $/MMCF 

DC2 1,860,,0 $/MMCF 

The wellhead and field-line purchase costs were taken equal to the average 

1977 corresponding costs, with 

CWH 787.0 $/MMCF 

CFL 1,481.0 $/MMCF 

Alternate assumptions with respect to Consolidated's and Panhandle's 

maximum annual supplies, SUPIT and SUP2T, will be considered in the 

application of the model in the next section" The assumptions with respect 

to maximum wellhead and field-line purchases are 

b. EOGC Gas Production 

SUPWHT 

SUPFLT 

2000 MMCF/month 

2500 MMCF/month 

The actual annual amounts of gas produced by the EOGC for the period 

1972-1977 are indicated in table 4 .. 2 .. 

Taken on a monthly basis, this capacity is then 

PROC 11,372 
12 

947 .. 667 MMCF/month 
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TABLE 4 .. 2 
EOGC OWN GAS PRODUCTION 

Year Gas Production (MMCF) 

1972 3,740 

1973 11,163 

1974 9,486 

1975 11,372 

1976 6,785 

1977 6,200 

Source: EOGC l s Annual Reports to the Public 

Utilities Commission of Ohio. 

The total operating cost for production in 1977 amounted to $5,711,000. 

The average 1977 unit operating cost was selected in this model, with 

CCMP 5,711,000 
6,200 

921 .. 129 $/MMCF 

The 1977 historical (or book) value of the production plant amounted to 

$73,299,000.. In view of the fact that the production plant has been 

constructed quite recently, it was assumed that its 1977 replacement value 

would be equal to 1 .. 5 times its historical value, or $109,948,500.. The 

replacement cost per unit of monthly production capacity is then equal to 

116,020.22 $/(MMCF/month).. It is, however, necessary to use annualized 

investment cost figures in the model. These annualized figures were 

computed while assuming (1) an investment lifetime of 30 years, and (2) an 

interest rate of 12%@ The ratio of the annualized cost to the total 

present cos tis then eq ua.l to 
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CRF 1/ 1 
0.12 [ 1 _. (1 1 3'OJ l= 0.1241 

+ 0.12) ~ 

The annualized production capacity investment cost is then 

eIP 14,398.11 $/(MMCF/month) 

The production-related decision variables are 

- the monthly production levels PRm, and 

- the add~tional monthly production capacity DPRO 

The total annual production cost is then 

CTP 
12 

CIP * DPRO + I 
m=l 

COMP * PRm (4.20) 

It is assumed that there is an upper limit, DPROM, to the incremental 

production capacity, with 

DPROM 3,000 MMCF/month 

In addition, it is assumed that the utility is constrained by the 

regulatory authorities to supply a certain share, SHP, of new customers 

with its own gas.. Such a constraint was actually imposed on the EOGC by 

the Public Utili ties Commission of Ohio (PUCO) in 1978, when the EOGC 

applied for a relief order from the then existing moratorium on new 

hookups.. In the present analysis, this share is taken equal to 10% of the 

new total annual load DDGT. The production-related constraints are then 

written as 

DPRO < DPROM: maximum incremental production capacity 

12 

l. PRm ~ SHP * DDGT: minimum total production 

m=l 

(4.21) 

(4.22) 

PRm - DPRO ~ PROC (m 1 +12): the monthly production levels are limited 

by the production capacity (4.23) 
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c. EOGC Gas Storage 

The EOGC storage system includes five storage fields, with a total 

certified storage capacity of 147,594.1 MMCF. From 1970 to 1977, the 

average annual total deliveries and withdrawals were equal to 54,125.348 

MMCF and 53,614.929 MMCF, respectively, with an average gas loss of 306.947 

MMCF. The total amount of cushion gas was equal to 90,937.838 MMCF at the 

end of 1977 (i.e., 61.6% of the certified capacity). This cushion gas must 

be maintained in storage at all times to ensure effective utilization of 

the reservoir. p~ditional volumes must also be injected and IDEintained 

above the cushion gas volume to establish reservoir volume and pressure 

conditions necessary to provide minimum withdrawal rates: in the case of 

the EOGC, these additional volumes correspond to 15.4% of the certified 

capacity. 

Although the different storage fields have different capacities and 

porosities, only the aggregate storage capacity is considered. This 

simplification is acceptable inasmuch as one field makes up for 88.3% of 

the total capacity. The major difference between a gas storage system and 

a water storage system is that both injection and withdrawal maximal rates 

depend, at any time, upon the amount of gas stored, i.e., the reservoir 

pressure. The main technological difference between gas withdrawal and 

delivery is that compressors are required for delivery, whereas natural 

storage pressure is used to transfer gas out of storage into the mains. 

Monthly constraints on storage deliveries and withdrawals have been 

determined on the basis of historical data. Using monthly storage flows, 

the level of gas in storage at the beginning of each month m, GSTORm, has 

been determined, and a storage saturation rate, RSTORm, taken as a proxy 

for storage pressure, has been defined as 

RSTORm GSTORm/STCO (4.24) 

where STCO is the existing certified storage capacity. The monthly 

deliveries and withdrawals for the period 1971-1976 were plotted against 

the corresponding saturation rates, and the maximum flows were approximated 
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by straight-line segments, as presented in figures 4.2 and 4.3 .. It appears 

that storage was active when the saturation rate was comprised between a 

minimum and a maximum saturation rate, Rmin(= .,77) and Rmax (=1 .. 18), 

respectively. The maximum deliveries and withdrawals during any month m 

are noted by MAXINSm and MAXOUSm and are defined functionally as 

(MMCF) (4.25) 

HAXOUS m A2 * RSTORm + B2 (MMCF) (4.26) 

with Al = -11,463.415, Bl = 20,726.83, A2 = 22,500, B2 = -9,825. 

If GINSTm and GOUSTm are the actual deliveries and withdrawals during 

month m, if GSTORo is the cushion and operational (nonwithdrawable) gas, 

and if it is assumed that there is no usable gas in storage at the 

beginning of the first month, it follows that 

RSTORm GSTORm/STCO 
m ..... l 

[GSTORo + ~ 
1-1=1 

(GINST - GOUST )]/STCO 
1-1 1-1 

The above coefficients AI, Bl, A2, B2 characterize the existing 

(4.27) 

storage system (STCO = 147,594.1 MMCF). To extend the applicability of 

equations (4.25) through (4.27), it is assumed that these coefficients are 

linear functions of the total storage capacity, STCAP, whatever the incre­

mental storage capacity DSTC added to STCOe The coefficients AI0, BIO, 

A20, B20 of these functions are specified on the basis of the existing 

storage characteristics. For instance 

11,463 .. 415 
14 7 ~ 594 .. 1 

-0 .. 07766852 

and the coefficient Al is redefined as 

AIO * (STCO + DSTC) 
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The other coefficients are then 

BI0 0.14043129 

A20 0.15244512 

B20 -0.06656770 

In addition, it is assumed that the minimum and maximum storage saturation 

rates, Rmin and Rmax ' remain constant whatever the storage capacity. 

The maximum monthly storage deliveries and withdrawals constraints, and the 

maximum and minimum storage saturation constraints 

GINSTm ~ MAXINSm (m 1 + 12) 

GOUSTm ~ MAXOUSm (m 1 + 12) 

Rmin ~ RSTORm ~ Rmax (m 1 + 12) 

are then rewritten as follows 

m-l 

GINSTm - A10 * L (GINST~ - GOUST~) - (A10 * Rmin + B10) * DSTC ~ 

~=l 

(AI0 * Rmin + BI0) * STCO (m 

m-l 

1 + 12): maximum delivery 

GOUSTm - A20 * L (GINST - GOUST ) - (A20 * Rmin + B20) * DSTC < 
11 11 

~=l 

(A20 'Ie Rmin + B20) * STCO (m = 1 + 12): maximum withdrawal 

m 

(4.29) 

(4.30) 

(4.31) 

(4.32) 

(4.33) 

I (GINST - GOUST ) - (Rmax - Rmin) * DSTC ~ (Rmax - Rmin) * STCO 
~ ~ 

~=l (m = 1 + 12) : max i m um sat ur at ion rat e ( 4 . 34) 

m 

I 
~=l 

(GINST - GOUST ) > 0 (m 
1.1 ~ -

1+ 12): minimum sat uration rate (4.35) 

105 



Constraints (4.32) through (4.35) are derived from constraints (4.29) 

through (4831) while accounting for the fact that in equation (4.27) 

GSTORo Rmin * (STCO + DSTC) (4.36) 

In addition to the previous storage operations constraints, it is assumed 

that there is a limit, DSTCM, to the incremental storage capacity, hence 

the constraint 

DSTC < DSTCH fl. ':>'7\ 
\ '-to J I J 

In the present analysis, DSTCM is taken equal to 100,000 MMCF. 

Gas storage costs include initial capital costs, mostly related to 

wells, gathering lines, compressors, regulating equipment, land, etc., and 

annual operation and maintenance costs, mostly related to wells 

maintenance, compressor fuel, gas losses, storage well royalties, 

supervision, etc. There is much uncertainty in the estimation of new 

storage capital costs, which depend on an annualized basis, upon the 

project lifetime, discount rate, and amount of cushion and operational gas 

necessary to maintain adequate pressure conditions. On the basis of 

various data, an annual capital cost range of 32.0 $/MMCF to 77.1 $/MMCF 

was obtained, consistent with the Federal Power Commission National Gas 

Survey 1975 average estimate of 57.0 $/~ruCF of storage capacity_ The 

figure selected in this study is 

CIST 50 $/MMCF 

The EOGC average annual operation and maintenance expense per MMCF of gas 

delivered to storage is equal to $66.46$ This cost figure, apportioned 

equally among deliveries and withdrawals, is used in the present study, 

with 

CS 33. 23 $/~ruCF 
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The total storage investment and operation and maintenance cost, CTS, is 

finally 

CTS 

12 

CIST * DSTC + CS * ~ (GINSTm + GOUSTm) 
m=l 

d. EOGe Gas Transmission 

(4.38) 

The EOGC tranmission mains convey gas from the points of connection 

with its suppliers to the distribution networks of the various communities 

and metropolitan areas served by the company. Many important transmission 

mains do so while passing through the EOGe storage system, as illustrated 

in figure 4.4. Abstracting from the spatial complexities of the system's 

network, it is assumed that the transmission system may be decomposed into 

two components: (1) Tl' conveying gas from the suppliers to storage as 

well as directly to the end-use customers; and (2) T2, conveying gas from 

storage and from the suppliers to the end-use customers. This simplifica­

tion of the system is illustrated in figure 4.5. Clearly, then, the 

capacity of TI is determined by the peak purchases, while the capacity of 

T2 is determined by the peak sales to the end-use customers. The peak 

sales are, on a monthly basis, exogenously specified for the utility costs 

minimization model and only vary in the iterative simulation of the 

Marginal cost pricing policy block, where rates are iteratively readjusted 

equal to the total marginal costs. On the other side, the peak monthly 

purchases are endogenously determined by the costs minimization model and 

may be reduced by increasing the available storage capacity. Obviously, 

there is a cost trade-off between the incremental transmission and storage 

capacities that must be accounted for in the model. 

By the end of 1977, the maximum daily sales had taken place on January 

8, 1970, with an amount of 2,853.1 MMCF. At such a constant daily rate, 

the monthly sales would have been equal to 88,446.1 MMCF. In the 

following, the existing monthly capacity of T2 is assumed to be 

PT20 88,500 MMCF 
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The peak daily purchases have taken place on February 1, 1971, when the 

balance between sales and storage withdrawal/delivery was at a maximum. 

The sales were equal, on that day, to 2,796.0 MMCF and the withdrawal from 

storage to 1,025.9 MMCF. The corresponding daily purchase rate of 1,770.1 

}lliCF would lead to a monthly purchase rate of 54,873.1 MMCF. In the 

following, the existing monthly capacity of T1 is assumed to be 

PTlO 55,000 MMCF 

The 1977 historical (or book) value of the transmission plant amounted 

to $102,837,912. In view of the age of the system, it was assumed that the 

1977 replacement value of this plant would be equal to 2.5 times its 

historical value, or $257,094,785. In addition, it was assumed that (1) 

component T1 represents 40% of this investment and component T2 the 

remainder, (2) the lifetime of a transmission investment is 30 years, and 

(3) the discount rate is 12%. The annualized unit expansion costs of the 

transmission components T1 and T2 are then computed as 

CIPT2 

0.4 * 0.1241 * 257,094,785 
55,000 

0.6 * 0.1241 * 257,094,785 
88,500 

232.0397 $/(MMCF/month) 

216.30822 $/(MMCF/month) 

Calculations related to component T2 are described in the distribution 

plant analysis section. With respect to component Tl, the decision 

variable is the incremental monthly transmission capacity DPTle The 

augmented capacity is the upper limit to monthly transmission flows, hence 

the constraint 

SUPlm + SUP2m + SUPWH + SUPFL + PRm - DPTI ~ PTI0 (m 1 + 12) (4.39) 
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Finally, the annualized transmission capacity expansion cost is defined as 

(4.40) 

The transmission operating costs are considered later', together wi th the 

distribution and other operating costs, and are taken as proportional to 

the end-use sales. 

e.. EDGC Gas Requirements 

The monthly total loads computed in the load analysis submodel" 

DGMTm, must always be satisfied, hence the supply-demand equality con­

straints 

SUPlm + SUP2m + SUPWH + SUPFL + PRm - GINSTm + GOUSTm DGMTm (4.41) 

(m = 1 -+ 12) 

The shadow prices of these constraints are noted MCm. They are precisely 

equal to the marginal costs incurred by an increase of one unit of demand 

during any month m. Note, however, that these marginal costs refer only to 

the costs considered in this linear program (supply, production operations 

and investment, storage operations and investment, and transmission invest­

ment). Therefore, they do not constitute the total marginal costs relevant 

to marginal cost pricing policy and will be complemented by other invest­

ment and operations marginal costs later. 

fo Summary of the Utility Costs Minimization Submodel 

The linear program described in the previous subsections is made of 

79 decision variables: SUP 1m (m = 1 -+ 12); SUP2m (m = 1 -+ 12); 

SUPVm (m 1 -+ 12); DAYMXl; DAYMX2; SUPWH; SUPFL; DPRO; 

PRm (m = 1 -+ 12); GINSTm (m = 1 -+ 12); GOUSTm (m = 1 -+ 12); DSTC; DPTI 
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139 constraints: maximum monthly and annual purchases from 

Consolidated and Panhandle; maximum wellhead and field-line 

purchases; maximum production capacity expansion; minimum 

total annual production; maximum monthly production rate; 

maximum storage capacity expansion; maximum monthly storage 

deliveries and withdrawals; maximum monthly transmission 

flows; and monthly gas loads provi sion .. 

The objective function of the program is the sum of all the costs con-

sidered, i.e., purchases, production, storage, and transIT~ssion costs, \rlth 

CT CTS1 + CTS2 + CTWF + CTP + eTS + CTPT1 (4,,42) 

The linear program has been solved by the code LPCODE developed by 

Professor C. H. Martin, Department of Industrial and Systems Engineering, 

The Ohio State UniversitYe 

The Distribution Plant Capacity Submodel 

This submodel determines the incremental capacities necessary to 

accommodate the peak sales to the end-use customers.. As such, it deals 

with (1) the component T2 of the transmission system, as described in the 

costs minimization submodel; and (2) the distribution system. For both 

cases, it is first necessary to determine the peak sales month mp. (This 

peak month is initially January (mp = 10) but is likely to change with 

changes in the rate structure .. ) 

a. Case of the Transmission Component T2 

If the peak sales DGMTm are smaller than the existing transmis-
p 

sion capacity PT20 ( = 88~500 MMCF/month), then there is no need for 

expanding component T2, and the corresponding marginal capacity cost, 

CMPT2, and present value of the incremental plant, NPT2, are both equal 

to zero. In the other case, it follows that 
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CMPTZ == 

and 

NPT2 == 

CIPTZ == Z16.308ZZ $/MMCF during month mp 

° during all the other months 

CIPTZ * (DGMTm - PTZO)/CRF 
P 

b. Case of the Distribution Plant 

(4.43) 

(4.44) 

The existing capacity of the distribution network has been assumed 

equal to the January peak sales of the base gas market (see table 4.1), 

with 

PDo == 59,081 MMCF/month 

The above figure is significantly lower than the capacity of transmission 

component TZ (PTZO == 88,500 MMCF). This is so because it can be 

reasonably assumed that with the increased use of compressors, the capac­

ity of the transmission system can be easily increased, and this is much 

less the case for smaller distribution mains. In addition, note that, even 

if there was some excess capacity in some distribution mains, the taking of 

new customers necessarily requires such new investments as meters and 

services. Obviously, the above assumption is an approximation and should 

be submitted to a sensitivity analysis. 

The 1977 historical (or book) value of the EOGC's distribution plant 

amounted to $372,284,403. rne breakdown of this plant into various compo­

nents is indicated in table 4.3. In view of the age of the system, it was 

assumed that the 1977 replacement value of this plant is equal to 2.5 times 
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TABLE 4 .. 3 

EOGC DISTRIBUTION PLANT 

Plant Category 

Land and Land Rights 

Structures 

Mains 

Regulators 

Services 

Meters 

Other 

Historical 
Value $ 

2,105,000 

11,755,000 

264,543,000 

9,935,000 

50,723,000 

28,618,000 

4,604,000 

Source: EOGC's 1977 Annual Report to the PUCO .. 

its historical value, or $930,711,000 .. Under the assumptions that (1) the 

lifetime of a distribution investment is 30 years and (2) the discount rate 

is 12%, the annualized unit expansion cost of the distribution system is 

then computed as 

0 .. 1241 * 930,711,000 
CIPD = 

59,081 
1954 .. 964 $/(MMCF/month) 

If the peak sales DGMTm are smaller than the existing distribu-
p 

tion capacity PDO (= 59,081 MMCF/month), then there is no need for 

expanding the distribution system, and the corresponding marginal capacity 

cost, CMPD, and the present value of the incremental plant, NPD, are both 

equal to zero.. In the other case, it follows that 

{

CIPD = 1954 .. 964 $/MMCF during month mp 
CMPD = ° during all the other months 
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and 

NPD= CIPD * {DGMTm - PDO)/CRF 
P 

Total New Plant and Marginal Costs Calculations 

(4.46) 

The total cost CT (see equation 4.42) minimized in the utility supply, 

operating, and capacity costs minimization submodel includes both operating 

and annualized investment costs, noted OMCI and PIS!, respectively. 

The investment costs PISl include the production, storage, and 

transmission capacity costs, with 

CIP * DPRO + CIST * DSTC + CIPTl * DPT! (4.47) 

The present value of this plant is then 

(4 .. 48) 

The operating costs OMCI include the supply and the production and 

storage operating costs, with 

CT - PISl (4 .. 49) 

The next step is to compute the present value of the total new plant, 

NEWPIS, including the transmission component T2 and the distribution 

system, wi th 

NEWPIS NEWPISI + NPT2 + NPD (4 .. 50) 

The total new plant NEWPIS constitutes then a major input to the financial 

analysis submodel described in the next section. 

The total marginal costs include (1) the marginal costs MCm 
corresponding to the costs considered in the costs minimization submodel, 

(2) the transmission component T2 and the distribution system capacity 

marginal costs, CMPT2 and CMPD, which must be exclusively assigned to the 
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peak sales month mp ' and (3) other operating marginal costs, COM2, 

corresponding to costs proportional to sales and not considered previously 

(i.e. transmission and distribution operating costs, customers services, 

administration, etc.)§ The value of COM2 was estimated as 

COM2 = 209.48495 $/MMCF 

The total monthly marginal costs, TMCm, are then computed as 

TMCm= ! 
MCm + COM2 + CMPT2 + CMPD, if m = mp' 

MCm + COM2, if m f mp 
, 

(4.51) 

The above monthly marginal costs then serve as monthly prices in the load 

analysis submodel within the Marginal cost pricing policy block. 

The Financial Analysis Submode1 

This submode1 very much replicates the main calculations typically 

performed prior to rate case proceedings that take place when the utility 

requests a change in its retail prices in order to be able to achieve the 

allowed rate of return on the net value of the utility's plant in service 

(or rate base), as determined by the state regulatory authorities. The 

equations and procedures used in this analysis are based on a former study 

applied to the East Ohio Gas Company, and are not, therefore, discussed in 

great detail here. For more information, the reader is referred to the 

corresponding published materials. 20 

The first part of the analysis consists in determining the net plant 

in service (or rate base) and the depreciation expense. It is assumed that 

the whole new plant is put in service in the same single period (i.e., 

within a year's time), and that the market growth takes place in a similar 

waYm Of course, this is an approximation of reality, wherein the growth in 

20See for instance: J.M. Guldmann and D.Z. Czamanski, "A Simulation Model 
of Market Expansion Policies for Natural Gas Distribution Utilities," 
Energy 5, 10 (1980): 1013-43; DeZ. Czamanski and J.M. Guldmann, The 
Allocation of Increasing Gas Supplies in Ohio (Columbus, Ohio: The National 
Regulatory Research Institute, 1978). 
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both plant and market takes place progressively. However, such an 

approximation should be acceptable in view of the stated purpose of the 

model, i.e., a general evaluation of marginal cost pricing policy. The 

total plant in service, TOTPIS, is equal to the sum of 

(1) the initial total plant in service, PISBEG (= $617,338,511) 

(2) the replacement plant, REPPIS, which is to replace those parts of 
PISBEG normally retired, with 

REPPIS = 0.03625 * PISBEG (4 .. 52) 

(3) the new plant in service, NEWPIS, the calculation of which has been 
descrIbed in previous sections 

It follows that 

TOTPIS PISBEG + REP PIS + NEWPIS (4.53) 

A single average depreciation rate, estimated with historical data, is used 

to compute the depreciation expense DEPEXP for the three plant types, with 

DEPEXP 0.02939 * TOTPIS (4.54) 

The total accumulated provision for depreciation, TAPD, is credited for 

amounts recovered during the year, such as insurance and salvage value of 

plant, by adjusting the depreciation expenses with an accumulated provision 

factor also estimated with historical data, so that 

TAPD = TAPDO + 0.82528 * DEPEXP (4 .. 55) 

where TP~DO (= $224,690,519) is the initial accumulated provision for 

depreciation before the replacement and new plants are put in service. The 

net plant in service (or rate base), NETPIS, is finally calculated as the 

difference between the total plant in service and the total accumulated 

provision for depreciation, with 

117 



NETPIS TOTPIS - TAPD (4.56) 

The second part of the analysis consists in determining the revenue 

from gas sales, X, that enables the utility to earn the allowed rate of 

return, ALLROR, on its rate base. It is assumed that this rate of return 

is equal to 12.06% (1978 value prescribed by the Public Utilities 

Commission of Ohio). The allowed operating income, AOPINC, is then 

AOPINC 0 .. 1206 * NETPIS (4 .. 57) 

The actual operating expenses of the utility, ACOPEX, are the sum of the 

operating and depreciation expenses.. The operating expenses include 

(a) the operating costs OMC1, determined in the costs minimization 

submodel (see equation 4.49), and 

(b) the other operating costs OMC2 include the transmission, 

distribution, customer, and administrative operating costs; they are 

assumed proportional to the total gas sales DGT, with unit cost COM2 (= 

209.48495 $/MMCF), so that 

OMC2 209.48495 * DGT (4 .. 58) 

It follows that 

ACOPEX OMC1 + OHC2 + DEPEXP (4.59) 

The total operating revenues, OPREVS, are the sum of the revenues from gas 

sales, X, and of other revenues derived from the transportation of gas of 

others and from nonutility operations such as building rentals. These 

other revenues are empirically related to the total plant in service, 

TOTPIS. The total operating revenues are then 

OPREVS X + 0 .. 005263 * TOTPIS (4.60) 

In order to determine the net operating income, it is necessary to account 

for various taxes and deductions.. The income before federal income taxes, 

INCBFT, is calculated while accounting for revenues taxes, REVTAX, property 

taxes, PRPTAX, and payroll taxes, PAYTAX, with 
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REVTAX = 0.041454 '* OPREVS 

PRPTAX = 0.021 '* NETPIS 

PAYTAX = 0.03 '* OMC2 

The income before federal income taxes is then 

INCBFT OPREVS - ACOPEX - REVTAX - PRPTAX - PAYTAX 

or 

(4.61) 

(4.62) 

(4.63) 

(4.64) 

INCBFT 0.958546 * X + 0.00504483 * TOPIS - ACOPEX - PRPTAX - PAYTAX 

(4.65) 

In order to simplify later calculations, the following notations are used 

0.00504483 * TOTPIS - ACOPEX - PRPTAX - PAYTAX (4.66) 

and 

INCBFT = 0.958546 '* X + Xl (4.67) 

The federally taxable income, TAXINC, and the federal income tax, INCTAX, 

are then computed while accounting for liberalized depreciation, LIBDEP, 

interest charges, INTCHG, and investment tax credits, INVTXC, with 

and 

LIBDEP = 0.3 '* DEPEXP 

INTCHG = 0.01759 * TOTPIS 

INVTXC = 0.1 '* (NEWPIS + REPPIS) 

TAXINC = INCBFT - LIBDEP - INTCHG 

INCTAX = 0.46 '* TAXINC - INVTXC 

The net operating income, NOPINC, is finally determined as 
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NOPINC INCBFT - INCTAX (4.73) 

and must be equal to the allowed operating income, hence 

NOPINC AOPINC (4.74) 

Equation 4.74 includes, implicitly, the unknown X - the revenues from gas 

sales. In order to simplify the resolution of this equation, the following 

quantity is defined 

X2 0.46 * LIBDEP + 0.46 * INTCHG + INVTXC (4.75) 

The necessary revenues from gas sales are then 

X (AOPINC - X2 - 0.54 * Xl)/(0.51761484) (4.76) 

and the corresponding average volumetric rate is 

PAVG X/DGT (4.77) 

The Pricing Policy Evaluation Submodel 

This submodel is implemented through two computer subprograms - EVALI 

and EVAL2 - that are essentially identical with the exception of the way 

they deal with gas sales revenues surpluses or deficits. Indeed, in the 

Average cost pricing policy block (case of EVALl), there are neither 

deficits nor surpluses, for gas revenues are determined to yield exactly 

the allowed operating income, whereas in the Marginal cost pricing policy 

block these revenues depend upon (1) the monthly rates taken equal to the 

total marginal costs, and (2) the corresponding monthly gas demands. 

The submodel first computes the load factor of the end-use customers 

sales. If mp is the peak sales month, this load factor is defined as 

LF DGT/(12 * DGMTm ) p (4.78) 
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The next step consists in estimating the sectoral consumers' £u¥pluses, 

taken as consumers' measures of the economic efficiency of the pricing 

policy. Such surpluses are computed for each month separately. Consider 

the typical demand curve in figure 4.6. The consumers' surplus at price 

Po is measured by the shaded area So. If the functional relationship 

between price P and demand D is known, this area can be estimated as 

00 

CSo = J D(P)dP 
Po 

Figure 4.6 Typical Demand Curve and Consumers' Surplus 

(4.79) 

In the present study, the monthly demand functions are of the constant 

price elasticity type. (See equations 4.6 through 4.8.) In such a case, it 

is impossible to integrate the demand function up to an infinite price, 

and for practical purposes, the upper bound of the integral (4.79) has 

been set equal to 10,000 $/MMCFo The residential consumers' surplus for 

month m is then expressed as 

CSRm DGMROm * * (4.80) 
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Similar functional relationships are derived for the commercial and 

industrial sectors by replacing the weather component DGMROm and the 

elasticity ELRro by the corresponding sectors' values. The total annual 

sectoral surpluses are obtained as the sum of the corresponding monthly 

surpluses .. 

The production efficiency of the utility can be measured by its net 

income, NETINC. In the Average cost pricing policy block, this net income 

is, by definition, equal to the allowed operating income 

NETINC AOPINC (4 .. 81) 

When the marginal cost pricing policy is applied, the net income may be 

higher or lower than the allowed operating income. The difference can be 

found by comparing the gas sales revenues XE necessary to earn the allowed 

operating income and computed in the financial analysis submodel at the end 

of the computations cycle, with the actual gas sales XA computed as 

12 
XA ~ Pm * DGMTm (4.82) 

m=l 

The revenue deficit (DF < 0) or surplus (DF > 0) is then 

DF XA - XE (4 .. 83) 

and the net income is adjusted for DF while accounting for tax effects 

NETINC AOPINC + 0 .. 5176 * DF (4 .. 84) 

The aggregate efficiency of the pricing policy is finally measured by 

the sum of (1) all the consumers' surpluses, and (2) the utility's net 

incomee 
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Application of the Gas Utility Marginal Cost Pricing Model (GUMCPM) 

The Assumptions 

As stated several times in the description of the model, there is some 

uncertainty about the exact value of different parameters, either because 

of forecasting difficulties or because of approximations made while 

formulating the modele Therefore, sensitivity analyses are called for on 

such items as (1) demand functions parameters, (2) market growth rates, (3) 

operating and capacity unit costs, (4) operating and capacity expansion 

technological constraints, (5) supply costs and constraints, and (6) finan­

cial parameters and allowed rate of return. 

Obviously, all the above sensitivity analyses could not be performed 

in the framework of this study. In order to illustrate the potentialities 

and usefulness of the model, a limited sensitivity analysis was conducted, 

focusing on the maximum annual supplies available from Consolidated (SUPIT) 

and Panhandle (SUP2T), and on the monthly price elasticities of demand that 

were assumed to be equal for all the months and sectors. More 

specifically, the following values were considered 

1 .. Supply cases 

Sl SUPlT = 500,000 MMCF; SUP2T 200,000 MMCF 

S2 SUPIT 200,000 MMCF; SUP2T 500,000 MMCF 

2 .. Elastic.ity cases 

El ELRm ELCm EL1rn -0. 1 (rn 1 -+ 12) 

E2 ELRm ELCm EL1m -0 .. 5 (m 1 -+ 12) 

The model was then applied under the following four combinations of 

assumptions: SlEl, SlE2, S2El, S2E2& The results of these applications 

are described and discussed in the following section. 
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The Results 

a. Case of the Average Cost Pricing Policy 

As the price elasticities of demand are not accounted for in the 

Average cost pricing policy block, the monthly load patterns are the same 

for all the four combinations (SlE1, SIE2, S2El, S2E2), and therefore the 

results differ only with respect to the supply assumptions Sl and S2-

The sectoral monthly loads, corresponding to residential, commercial, 

and industrial rates of growth all equal to 50%, are indicated in table 

4.4. These loads are part of the constraints of the costs minimization 

submodel run under both supply assumptions. The corresponding minimum 

1 .. 
2 .. 
3 .. 
4 .. 
5 .. 
6 .. 
7 .. 
8 .. 
9 .. 

1O .. 
11 .. 
12 .. 

TABLE 4 .. 4 

SECTORAL MONTHLY LOADS (MMCF) WITH MARKET GROWTH RATES EQUAL TO 50% 
AVERAGE COST PRICING POLICY 

Residential Commercial Industrial Total 
Load Load Load Load 

Month DGMR DGMC DGMI DGMT 

April 22,976 .. 35 9,193.07 17,979.46 50,148.88 
May 13,708 .. 05 5,664 .. 36 16,596.89 35,969 .. 30 
June 6,616 .. 95 2,964 .. 57 15,539 .. 10 25,120 .. 61 
July 5,200 .. 16 2,425 .. 15 15,327 .. 75 22,953.07 
August 5,483 .. 52 2,533 .. 04 15,370.02 23,386 .. 58 
September 9,127.71 3,920 .. 49 15,913 .. 63 28,961 .. 83 
October 18,134 .. 17 7,349 .. 51 17,257 .. 14 42,740 .. 82 
November 30,365 .. 16 12,006 .. 20 19,08L.67 61,453.03 
December 43,241 .. 77 16,908 .. 71 21,002 .. 50 81,152 .. 97 
January 48,123 .. 40 18,767 .. 29 21,730 .. 70 88,621..39 
February 42,334 .. 31 16,563.21 20,867 .. 13 79,764 .. 65 
March 36,817 .. 81 14,462 .. 92 20,044.22 71,324.94 

Total 282,129 .. 34 112,758 .. 50 216,710 .. 22 611,598 .. 06 

Source: Author's calculations .. 

costs CT and their breakdown into various components are presented in 

4.5. The lower cost of case S2 is related to the much higher availa­

bility of gas from Panhandle (500,000 MMCF) in case S2 than in case Sl 

(200,000 MMCF) , and to the significantly lower commodity cost for 
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Panhandle's gas (1,009.2 $/MMCF versus 1,202.4 $/MMCF for Consolidated's 

gas), hence the difference of $57~959,986 in total commodity charge. This 

decrease is compensated, to a smaller extent, by an increase of $10,274,363 

in the total demand charge, as Panhandle's charge (1,860 $/MMCF) is about 

double that of Consolidated's charge (980 $/MMCF). When shifting from case 

Sl to case S2, the total winter requirement charge decreases by 

$12,683,008 because of considerably lower winter gas purchases from 

Consolidated.. All the other cost components have the same values under 

both cases .. 

TABLE 4 .. 5 

COSTS STRUCTURE OF THE OPTIMill1 SOLUTIONS 
UNDER SUPPLY CASES Sl and S2 

AVERAGE COST PRICING POLICY 

Cost Component 

Total Cost CT 

Total Commodity Charge 
Total Demand Charge 

. Total Winter Requirement 
Charge 
Wellhead Purchases 
Field-line Purchases 
Production Operations 
Storage Operations 

Total of Above Operating 
Costs OMCI 

Total Annualized Investment 
Costs PIS 

Total Discounted Investment 
Costs NEWPIS 

(In Dollars) 

Supply Case Sl 

$ 754,632,290 

$ 643,375,002 
32,057,349 
15,964,072 

18,888,000 
o 

18,778,652 
6,746,598 

$ 735,809,718 

$ 18,822,572 

$ 151,672,576 

Source: Author's calculations .. 

Supply Case S2 

$ 693,263,101 

$ 585,415,016 
42,331,712 

3,281,064 

18,888,000 

° 18,778,652 
5,746,038 

$ 674,440,529 

$ 18,822,572 

$ 151,672,576 

The previous results are further illustrated and clarified by the 

optimal values of the modelts decision variables, as presented in tables 
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Month 

April 
Hay 

t-' June 
N 
0\ July 

August 
September 
October 
November 
December 
January 
February 
March 

Total 

Source: 

Consolidated 
SUPI 

44,745 .. 61 
28,747 .. 76 
24,882 .. 98 
21!l!309 .. 99 
20,447 .. 22 
2~.~826 .. 86 
37,503 .. 11 
10,185 .. 18 
37,508 .. 63 
44,745 .. 61 
39,039 .. 10 
33,269 .. 39 

367,211 .. 44 

TABLE 4 .. 6 

OPTIMAL HONTHLY PURCHASES FROM CONSOLIDATED At'l"D PANHANDLE 
AND STORAGE DELIVERIES AND WITHDRAWALS (MMCF) 

AVERAGE COST PRICING POLICY 

Supply Case Sl Supply Case S2 

Storage 
Deliveries (-) 

Panhandle and Consolida ted Panhandle 
SUP2 Withdrawals (+) SUPI SUP2 

14,634 .. 15 -12,929 .. 76 12,542 .. 19 36,525 .. 55 
14,634 .. 15 -11,111 .. 49 0 .. 00 36,525 .. 55 
14,634 .. 15 -18,095 .. 40 0 .. 00 36,525 .. 55 
14,634 .. 15 -16,689 .. 96 984 .. 39 36,525.55 
14,634 .. 15 -15,393 .. 67 0 .. 00 36,525 .. 55 
14,634 .. 15 -14,198 .. 07 4,267 .. 48 36,525 .. 55 
14,634 .. 15 -13,095 .. 32 15,557 .. 07 37,343 .. 08 
19,512 .. 20 +28,056 .. 77 0 .. 00 48,700 .. 73 
19,512 .. 20 +20,433",26 4,371 .. 81 48,700 .. 73 
19,512 .. 20 +20,664 .. 70 15,557 .. 07 48,700 .. 73 
19,512 .. 20 +17,514 .. 47 9~850 .. 57 48,700 .. 73 
19,512 .. 20 +14,844 .. 47 4,080 .. 86 48,700 .. 73 

200,000 .. 00 0 .. 00 67,211 .. 44 500,000 .. 00 

Author's calculations .. 

Storage 
Deliveries (-) 

and 
Withdrawals (+) 

- 2,617 .. 75 
- 4,255 .. 13 
-15,103 .. 82 
-18,255 .. 75 
-16,837 .. 85 
-15,530.08 
-13,858 .. 22 
+ 9!l!053 .. 41 
+24,381 .. 55 
+20,664 .. 70 
+17,514 .. 47 
+14,844 .. 47 

0 .. 00 



4.6 and 4.7. As previously noted, all the available supplies from 

Panhandle are purchased, and in such a way that the take-or-pay clause (75% 

of the contract demand) is never implemented. All the available wellhead 

gas is purchased because of its low cost (787 $!MMCF), whereas field-line 

gas is never purchased because of its high cost (1481 $/MMCF).. Production 

is not a cost-attractive alternative, and the production capacity is 

expanded by 751 .. 22 MHCF/month, just enough to provide for a constant 

monthly production of 1698.88 MMCF, or 20,386.56 MMCF for the whole year .. 

This amount simply covers 10% of the total demand increment of 203,866 

MMCF, as stipulated in the constraint set.. In both cases, the maximum 

incremental storage capacity (100,000 MMCF) is developed.. However, it is 

fully used only in case Sl (total storage deliveries equal to 101,513.67 

MMCF). Finally, the peak purchases in month 10 (January) determine the 

level of incremental transmission capacity (12,956 .. 69 MMCF/month) .. 

The results of the analyses performed in the distribution and finan­

cial submodels are presented in table 4.8.. The lower revenue requirement 

and average volumetric rate in case S2 are attributable to the 

corresponding lower operating expenses ($975,488,359 versus $1,039,511,566, 

and 1,594~98 $/MMCF versus 1,699 .. 66 $/MMCF). 

The evaluation criteria are presented in table 4 .. 9.. The gas 

consumption/conservation criteria have the same values under both cases, 

simply because the sales patterns are the same. The economic efficiency 

criteria with respect to consumers depend both upon the reference average 

volumetric rate (1,699 .. 66 $/MMCF for case S1 and 1,594.98 $/MMCF for case 

S2) and upon the assumed price elasticities. Four different cases must 

therefore be considered, and the results pertaining to each of them are 

also indicated in table 4.9@ Note that the highest aggregate efficiency is 

obtained under case S2E1 ($4,692,805,148), because of both the lowest refer­

ence volumetric rate and the highest demand curve (see figure 4.6). However, 

it is important to remember that the four sets of values are not comparable 

among themselves because they each refer to different demand curves but 

will constitute benchmarks for the evaluation of the marginal cost pricing 

policy as described in the next section. 
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TABLE 4 .. 7 

OPTIMAL MAXIMUM SUPPLIES FROM CONSOLIDATED AND PANHANDLE, WELLHEAD AND 
FIELD-LINE MONTHLY PURCHASES, INCREMENTAL PRODUCTION CAPACITY AND 

CONSTANT MONTHLY PRODUCTION~ INCREMENTAL STORAGE CAPACITY AND 
TOTAL STORAGE DELIVERIES, AND INCREMENTAL TRANSMISSION CAPACITY 

AVERAGE COST PRICING POLICY 

Variable 

Consolidated's Maximum Supply: 
- Daily (MMCF) 
- Monthly (MMCF) 

Panhandle's Maximum Supply: 
- Daily (MMCF) 
- Monthly (MMCF) 

Monthly Wellhead Purchases (MMCF) 
Monthly Field-line Purchases (MMCF) 

Incremental Production Capacity 
(MMCF / month) 
Monthly Production (MMCF) 

Incremental Storage Capacity (MMCF) 
Total Storage Deliveries (MMCF) 

Transmission Component Incre-
mental Capacity (MMCF!month) 

Source: Author's calculations .. 

Supply Case Sl 

1,491 .. 52 
44,745 .. 61 

650 .. 41 
19,512 .. 20 

751 .. 22 
1,698 .. 88 

100,000.00 
101,513 .. 67 

12,956 .. 69 

TABLE 4 .. 8 

Supply Case S2 

518 .. 57 
15,557 .. 07 

1,623 .. 36 
48,700 .. 73 

2,000 .. 00 
0 .. 00 

751.22 
1,698.88 

100,000.00 
86,458 .. 60 

12,956.69 

DISTRIBUTION PLANT, FINANCIAL VARIABLES, AND AVERAGE VOLUMETRIC RATES 
AVERAGE COST PRICING POLICY 

Variable 

New Transmission Plant T2 ($) 
New Distribution Plant ($) 
Total New Plant ($) 
Net Plant in Service ($) 
Allowed Operating Income ($) 
Actual Operating Expenses ($) 

Revenue Requirement ($) 
Average Volumetric Rate ($!MMCF) 

Source: Author's calculations .. 
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Supply Case 51 

211,576 
4651\353,472 
617,237~504 

1,001,776,640 
120,814~248 
900,872,207 

1,039,511,566 
1,699 .. 66 

Supply Case 52 

211,576 
465,353,472 
617,237,504 

1,001,776,640 
120,814,248 
839,503,017 

975,488,359 
1,594 .. 98 



TABLE 4 .. 9 

EVALUATION CRITERIA FOR THE AVERAGE COST PRICING POLICY 

Variable 

Gas Consumption/Conservation 

Peak Sales Month 
Peak Sales (MMCF) 
Sales Load Factor 
Total Gas Consumption (MMCF) 

Economic Efficiency 

Total Residential Surplus ($) 
Total Commercial Surplus ($) 
Total Industrial Surplus ($) 
Total Consumers' Surplus ($) 
Net Utility Income ($) 
Aggregate Efficiency ($) 

E2$ Price Elasticity = -0 .. 5 

Total Residential Surplus ($) 
Total Commercial Surplus ($) 
Total Industrial Surplus ($) 
Total Consumers' Surplus ($) 
Net Utility Income ($) 
Aggregate Efficiency ($) 

Source: Author's calculations .. 

Supply Case Sl 

January 
88,621 .. 39 

0 .. 5751 
611,598 .. 06 

2,092,875,719 
836,458,689 

1,607,587,336 
4,536,921,745 

120,814,248 
4,657,735,992 

1,367,218,105 
546:t435,440 

1,050,192,561 
2,963,846,106 

120,814,248 
3,084,660,354 

Supply Case S2 

January 
88,621 .. 39 

0 .. 5751 
611,598 .. 06 

2,109,053,072 
842,924,285 

1,620,013,544 
4,571,990,900 

120,814,248 
4,692,805,148 

1,353,510,283 
540,956,841 

1,039,663,259 
2,934,130,383 

120,814,248 
3,054,944,631 

Finally, it is interesting to analyze the implications of a marginal 

cost pricing policy with monthly demands such as those indicated in table 

4.4, that is, totally price-inelastic demands. The marginal costs produced 

by the cost minimization model, MCm, and the total marginal costs, 

TMCm, are presented in table 4.10 for the two supply cases. 

Under a marginal cost pricing policy, the utility's revenues from gas 

sales, RGS, are 

with 

l~ 
RGS l TCMm * DGMTm m=l (4.85) 
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Month 

April 
May 
June 
July 
August 
September 
October 
November 
December 
January 
February 
March 

TABLE 4 .. 10 

MONTHLY MARGINAL COSTS 
AVERAGE COST PRICING POLICY ANALYSIS 

(In Dollars) 

Supply Case Sl Supply Case S2 

Minimization 
Model Marginal 

Costs MCrn 

1202 .. 40 
1202 .. 40 
1202 .. 40 
1202 .. 40 
1202 .. 40 
1202.40 
1202 .. l~0 
1299 .. 30 
1299 .. 30 
1923,,34 
1299,,30 
1299 .. 30 

Total Marginal 
Costs TMCm 

141 L. 88 
1411..88 
1411.. 88 
141L.88 
1411 .. 88 
141 L. 88 
1411 .. 88 
1508 .. 78 
1508e178 
4304 .. 10 
1508 .. 78 
1508 .. 78 

Minimiza tion 
Model Marginal 

Costs MCm 

1202 .. 40 
1202 .. 40 
1202 .. 40 
1202 .. 40 
1139 .. 30 
1202 .. 40 
1208 .. 16 
1274 .. 62 
1299 .. 30 
1917 .. 58 
1299030 
1299 .. 30 

Total Marginal 
Costs TMCm 

1411.88 
1411..88 
1411..88 
1411.88 
1348.78 
1411.88 
1417.65 
1484,,11 
1508.78 
4298.34 
1508078 
1508 .. 78 

Source: Author's calculations .. 

Case S1: RGS == $1,148,274,700 or a revenue above the "normal" 
revenue by $108,763,200 

RGS == $1,145,019,200 or a revenue above the ·'normal" 
revenue by $169,530,850 

The above results would therefore confirm the widespread view that marginal 

cost pricing is likely to bring to the utili.ty revenues higher than those 

it is entitled to regulation.. However, these results constitute extreme 

cases because i.t is assumed that there is no change in the demand pattern 

as a consequence of the marginal cost pricing pattern.. It is the purpose 

of the next section to the implications for marginal cost pricing 

policy of price-dependent demands for gase 

b.. Case of the Ma'rginal Cost PI' 

The major feature of the four 

that no equilibrium of supply and demand can be reached, at least through 
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the iterative procedure implemented here, because of constantly shifting 

peaks. This "negative" result is in itself significant, for it gives 

additional strength to the widespread assertion that time-differentiated 

marginal cost based rates are likely to induce customers to shift their 

peak consumption, with a new peak load eventually higher than the one under 

the existing rate structure, and therefore implying more peaking capacity 

for the system .. 

In each application, the disequilibrium is characterized by a shift 

between two different demand-supply patterns, each providing price inputs 

to the other; that is, the total marginal costs of one solution constitute 

the price pattern used in the determination of the other solution. The two 

alternating price-demand patterns are noted A and B for each of the four 

cases and are presented in tables 4m11 through 4.14.. In all cases, the 

peak-rate month is alternatively January or December, and the peak-sales 

month alternatively December or January, respectively.. One pattern (A for 

cases 81E1 and 81E2, and B for cases 82E1 and 82E2) is characterized by a 

unique major peak rate in January, while the other pattern includes a major 

and a minor peak rate (3,463 .. 75 $/MMCF in December and 2,132 .. 82 $/MMCF in 

February).. The latter rate pattern always implies higher peak sales, but 

not higher annual sales, with the exception of case 82E2 (679,557 MMCF 

versus 601,327 MMCF).. The characteristics of the optimal solutions for 

each pattern and case, as well as their evaluations, are presented in 

tables 4 .. 15 through 4 .. 18.. As indicated earlier, the four cases - SlE1, 81E2, 

S2E1, S2E2, - cannot be compared among themselves, because they refer to 

different demand functions assumptions, and instead must be compared to the 

corresponding average cost pricing solutions described in tables 4@5 

through 4.ge For instance, the outputs of the cost minimization, distribu­

tion, and financial submodels for patterns A and B in case SlE1 must be 

compared to the corresponding variables for supply case 81 in tables 4 .. 5 

through 4@9, whereas the economic efficiency criteria (surpluses, aggregate 

efficiency) must be compared with those of the supply case 81 and the 

price elasticity case E1 (E = -0.1) in table 4.9& To illustrate the 

previous remark, the aggregate efficiency of pattern A/SIEl, equal to 

$4,593,440,450, must be compared to the reference aggregate efficiency of 
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TABLE 4 .. 11 

PRICE-DEMAND PATTERNS IN CASE S 1 

Pattern A Pattern B 
Month 

Price Total Demand Price Total Demand 
($!MMCF) (MMCF) ($/MMCF) (MMCF) 

April 1411 .. 88 51,087 .. 85 1411 .. 88 51,087 .. 86 
May 1411 .. 88 36,642 .. 78 1411 .. 88 36,642 .. 78 
June 1411 .. 88 25,590 .. 96 1411 .. 88 25,590 .. 96 
July 1411 .. 88 23,382 .. 83 1411 .. 88 23,382 .. 83 
August 1411.,88 23,824<1046 1411 .. 88 23,824 .. 46 
September 1411 .. 88 29,504 .. 10 1411 .. 88 29,504 .. 10 
October 1411 .. 88 43,541 .. 09 1411 .. 88 43,541..09 
November 1508 .. 78 62,189 .. 47 1508 .. 78 62,189 .. 47 
December 1508.78 82,125 .. 50 3L~63 .. 7 5 75,576.38 
January 4304 .. 10 80,758020 1508 .. 78 89,683 .. 41 
February 1508 .. 78 80,720 .. 54 2132082 77,974 .. 26 
March 1508 .. 78 72 2179 .. 69 1508.78 72,179 .. 69 

Total 611 2547 .. 47 611 2177 .. 29 
Source: Author's calculations .. 

TABLE 4 .. 12 

PRICE-DEMAND PATTERNS IN CASE SlE2 

Pattern A Pattern B 
Month 

Price Total Demand Price Total Demand 
($!MMCF) (MMCF) ($!MMCF) (MMCF) 

April 14·11 .. 88 55,022<1086 1411 .. 88 55,022 .. 86 
May 1411 .. 88 39ji\465 .. 17 141 L, 88 39,465.17 
June 141 L,88 27,562 .. 09 1411.,88 27,562 .. 09 
July 1411 .. 88 25,183 .. 88 1411 .. 88 25,183 .. 88 
August 1411 .. 88 25,659 .. 141L.88 25~659",53 
September 1411..88 31,776 .. 64 141L.88 31,776.64 
October 1411 .. 88 46,894 .. 81 1411 .. 88 46,894 .. 81 
November 1508 .. 78 65,224 .. 57 1508 .. 78 65,224 .. 57 
December 1508 .. 78 86,133056 3 .. 75 56, 8L~ 7 .. 69 
January 4304 .. 10 55,690 .. 25 1508 .. 78 94,060",33 
February 1508 .. 78 84,660,,03 2132 .. 82 71,205066 
March 1508 .. 78 75 2702036 1508,,78 75,702 .. 36 

Total 618,9Z.S .. 75 614~605",59 
Source: Author's calculations .. 
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TABLE 4 .. 13 

PRICE-DEMAND PATTERNS IN CASE S2E1 

Pattern A Pattern B 
Month 

Price Total Demand Price Total Demand 
($/MMCF) (MMCF) ($/MMCF) (MMCF) 

April 1411 .. 88 50,764 .. 12 1411 .. 88 50,764.12 
May 1240 .. 52 36,884 .. 79 1321 .. 04 36,653 .. 54 
June 1218 .. 68 25,805 .. 76 311 .. 84 29,574.16 
July 218.91 27,995 .. 63 1321 .. 04 23,389 .. 70 
August 209 .. 48 28,650 .. 16 132L.04 23,831..46 
September 1218 .. 68 29,751 .. 74 1321 .. 04 29,512 .. 76 
October 1411 .. 88 43,265 .. 18 1411 .. 88 43,265 .. 18 
November 1508 .. 78 61,795 .. 40 1497 .. 28 61,842 .. 70 
December 3463 .. 75 75,097 .. 48 1508 .. 78 81,605 .. 10 
January 1508 .. 78 89,115 .. 12 4304 .. 10 80,246 .. 47 
February 2132 .. 82 77,480 .. 16 1508 .. 78 80,209 .. 04 
March 1508 .. 78 71,722 .. 32 1508 .. 78 71,722 .. 32 

Total 618,327 .. 86 612,616 .. 55 
Source: Author's calculations .. 

TABLE 4 .. 14 

PRICE-DEMAND PATTERNS IN CASE S2E2 

Pattern A Pattern B 
Month 

Price Total Demand Price Total Demand 
($/MMCF) (MMCF) ($/MMCF) (MMCF) 

April 1411 .. 88 53,301 .. 52 1411 .. 88 53,301 .. 52 
May 1240 .. 52 40,785 .. 75 1411 .. 88 38,230 .. 53 
June 1218 .. 68 28,738,,39 1362 .. 74 27,177 .. 03 
July 218 .. 91 61,956 .. 67 1416 .. 02 24,360 .. 35 
August 209 .. 48 64,530 .. 98 1416,,02 24,820 .. 44 
September 1218 .. 68 33,132 .. 81 1411.88 30,782 .. 53 
October 1411 .. 88 45,427 .. 75 1411 .. 88 45,427 .. 75 
November 1508 .. 78 63,184 .. 07 1483 .. 21 63,726 .. 49 
December 3463 .. 75 55,069 .. 26 1483 .. 21 84,155 .. 24 
January 1508 .. 78 91,117 .. 73 4295 .. 82 53,999 .. 97 
February 2132 .. 82 68,978 .. 04 1508 .. 78 82,011 .. 50 
March 1508 .. 78 73,334 .. 07 1508 .. 78 73,334 .. 07 

Total 679,557 .. 04 601,327,,42 
Source: Author's calculations .. 
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TABLE 4 .. 15 

SOLUTIONS CHARACTERISTICS AND EVALUATION IN CASE SlEl 

Total Cost CT ($) 
Total Commodity ($) 
Total Demand Charge ($) 
Total Winter Requirement Charge ($) 
Total Operating Costs OMC1 ($) 
Annualized Investment Costs <$) 
Discounted Investment Costs ($) 
Maximum Monthly Supply: Consolidated 

(MMCF) 
Maximum Monthly Supply: Panhandle 

(MMCF) 
Annual Purchases frrnn Consolidated 

(MMCF) 
Annual Purchases from Panhandle 

(MMCF) 
Monthly Wellhead Purchases (MMCF) 
Incremental Production Capacity 

(MMCF) 
Monthly Production Rate (MMCF) 
Storage Incremental Capacity (MMCF) 
Annual Storage Deliveries (MMCF) 
Transmission Plant Incremental 

Capacity (MMCF) 

751~846,983 
6L~3,316Si202 

32l) 96 8,116 
19,516,151 

737,487,349 
14,359,634 

115,710,144 

47,069 

19,512 

367,,163 

200,000 
2,000 

751 
1,698 

° 60,513 

15,279 

755,776,881 
642,885,930 
35,745,832 
19,480,778 

739,788,055 
15,988,826 

128,838,208 

200,000 
2,000 

750 
1,697 

° 60,513 

22,365 

OUTPUTS OF THE DISTRIBUTION AND FINANCIAL SUBMODELS 

New Transmission Plant T2 ($) 
New Distribution Plant T2 ($) 
Total New Plant ($) 
Net Plant in Service ($) 
Actual Operating Expenses ($) 

Revenue ($) 
Equilibrium Volumetric Rate 

($/MMCF) 

Peak Sales - Month 
Sales Load Factor 
Total Gas Consumption 
Total Residential 
Total Commercial Surplus 
Total Industrial 
Total Consumers w 

Revenue 
($) 

Aggregate ($) 

( 

° 363,022,848 
478,732,800 
866,631,424 
898,468,587 

1,033,292,770 

1,689 .. 64 

82,125.60 - December 
0@6205 

611,547 .. 47 
2,026 957,733 

811,509,256 
1,602,573,597 
4,441,040,587 

+ 92,511,836 
4,593,440, 
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2,062,706 
482,083,840 
612,984,576 
997,626,880 
904,637,404 

1,043,322,900 

1,707 .. 07 

89,683.41 - January 
011>5679 

611,177629 
2,047,161,873 

819,270,035 
1,607,825,070 
4,474,256,978 

+ 52,586,954 
4,621,789,773 



TABLE 4 .. 16 

SOLUTIONS CHARACTERISTICS AND EVALUATION IN CASE SlE2 

Variable Pattern A Pattern B 
OUTPUT OF THE COST MINIMIZATION SUBMODEL 

Total Cost CT ($) 
Total Commodity Charge ($) 
Total Demand Charge ($) 
Total Winter Requirement Charge ($) 
Total Operating Costs OMCI ($) 
Annualized Investment Costs ($) 
Discounted Investment Costs ($) 
Maximum Monthly Supply: Consolidated 

(MMCF) 
Maximum Monthly Supply: Panhandle 

(MMCF) 
Annual Purchases from Consolidated 

(MMCF) 
Annual Purchases frool Panhandle 

(MMCF) 
Monthly Wellhead Purchases (MMCF) 
Incremental Production Capacity 
(MMCF) 

Storage Incremental Capacity (MMCF) 
Annual Storage Deliveries (MMCF) 
Transmission Plant T1 Incremental 

Capacity (MMCF) 

762,422,982 
651,950,236 

34,504,308 
18,482,633 

746,852,138 
15,570,844 

125,470,096 

50,988 

19,512 

374,343 

200,000 
2,000 

772 

o 
60,513 

19,219 

761,315,954 
646,870,720 
37,457,850 
18,065,047 

744,174,395 
17,141,558 

138,126,944 

58,522 

19,512 

370,119 

200,000 
2,000 

759 

° 60,513 

26,742 

OUTPUTS OF THE DISTRIBUTION AND FINANCIAL SUBMODELS 

New Transmission Plant T2 ($) ° New Distribution Plant T2 ($) 426,162,432 
Total New Plant ($) 551,632,384 
Net Plant in Service <$) 937,762,816 
Actual Operating Expenses ($) 911,532,006 
Equilibrium Revenue ($) 1,048,923,004 
Equilibrium Volumetric Rate 

($!MMCF) 1,694 .. 61 

OUTPUT OF THE EVALUATION SUBMODEL 

Peak Sales (MMCF) - Month 
Sales Load Factor 
Total Gas Consumption (MMCF) 
Total Residential Surplus ($) 
Total Commercial Surplus ($) 
Total Industrial Surplus ($) 
Total Consumers' Surplus ($) 
Revenue Surplus (+) or Deficit 

($) 
Aggregate Efficiency ($) 

Source: Author's calculations .. 

86,133.56 - December 
0 .. 5989 

618,975 .. 75 
1,324~976,057 

530,746,277 
1,056,754,515 
2,912,476,849 

( -) 
+ 16,273,191 

3,033,994,034 

135 

9,691,736 
551,033,856 
698,852,352 

1,081,411,840 
912,265,578 

1,053,604,046 

1,714 .. 28 

94,060.33 ~ January 
0.5445 

614,605.59 
1,334,202,912 

534,237,643 
1,057,426,049 
2,925,866,603 

+ 4,897,271 
3,058,819,683 



TABLE 4.17 

SOLUTIONS CHARACTERISTICS AND EVALUATION IN CASE S2El 

Variable Pattern A Pattern B 
OUTPUT OF THE COST MINIMIZATION SUBMODEL 

Total Cost CT ($) 
Total Commodity Charge ($) 
Total Demand Charge ($) 
Total Winter Requirement Charge ($) 
Total Operating Costs OMCI ($) 
Annualized Investment Costs ($) 
Discounted Investment Costs ($) 
Maximum Monthly Supply: Consolidated 

(MMCF) 
Maximum Monthly Supply: Panhandle 

(MMCF) 
Annual Purchases from Consolidated 

(MMCF) 
Annual Purchases from Panhandle 

(MMCF) 
Monthly Wellhead Purchases (MMCF) 
Incremental Production Capacity 

(MMCF) 
Monthly Production Rate (MMCF) 
Storage Incremental Capacity (MMCF) 
Annual Storage Deliveries (MMCF) 
Transmission Plant Tl Incremental 

Capacity (MMCF) 

703,713,329 
594,313,620 
44,677,088 
6,806,471 

687,570,384 
16,142,945 

130,080,096 

27,539 

45,540 

73,717 

500,000 
2,000 

770 
1,718 

o 
58,680 

21,797 

701,439,979 
595,979,109 
.40,046,196 

9,725,772 
687,156,275 

14,283,704 
115,098,304 

25,873 

40,193 

114,813 

453,883 
2,000 

754 
1,702 

o 
55,781 

14,768 

OUTPUTS OF THE DISTRIBUTION AND FINANCIAL SUBMODELS 

New Transmission Plant T2 ($) 
New Distribution Plant T2 ($) 
Total New Plant ($) 
Net Plant in Service ($) 
Actual Operating Expenses ($) 
Equilibrium Revenue ($) 
Equilibrium Volumetric Rate 

($!MMCF) 

Peak Sales - Month 
Sales Load Factor 
Total Gas Consumption (MMCF) 
Total Residential Surplus ($) 
Total Commercial Surplus ($) 
Total Industrial Surplus ($) 
Total Consumers t Surplus ($) 
Revenue Surplus or Deficit ( 

($ ) 
Aggregate Efficiency ($) 

1,072,165 
473,131,264 
604,283,392 
989,136,640 
853,661,944 
989,956,661 

1,60L.02 

89,115.12 ~ January 
0.5782 

618,327,,86 
2,053,543,610 

822,855,564 
1,,646,548,121 
4,522,947,295 

+ 29,670,941 
4~657,594,838 

136 

0 
354,824,960 
469,923,072 
858,035,200 
848,102,551 
980,519,500 

1 11 600 .. 54 

81,605.10 ~ Dece~ber 
, 0.6256 

612,616.55 
2,025,366,022 

811,346,108 
1,616,808,550 
4,453,520,680 

+ 1 01 , 592 , 054 
4,609,583,759 



TABLE 4 .. 18 

SOLUTIONS CHARACTERISTICS AND EVALUATION IN CASE S2E2 

Variable Pattern A Pattern B -------------------------------------OUTPUT OF THE COST MINIMIZATION SUBMODEL 

Total Cost CT ($) 
Total Commodity Charge ($) 
Total Demand Charge ($) 
Total Winter Requirement Charge ($) 
Total Operating Costs OMC1 ($) 
Annualized Investment Costs ($) 
Discounted Investment Costs ($) 
Maximum Monthly Supply: Consolidated 

(MMCF) 
Maximum Monthly Supply: Panhandle 

(MMCF) 
Annual Purchases from Consolidated 

(MMCF) 
Annual Purchases from Panhandle 

(MMCF) 
Monthly Wellhead Purchases (MMCF) 
Incremental Production Capacity 

(MMCF) 
Monthly Production Rate (MMCF) 
Storage Incremental Capacity (MMCF) 
Annual Storage Deliveries (MMCF) 
Transmission Plant T1 Incremental 

Capacity (MMCF) 

776,976,123 
664,405, 08L~ 
46,437,113 

4,327,615 
757,919,648 

19,056,475 
153,557,360 

26,412 

48,499 

132,905 

500,000 
2,000 

940 
1,888 

o 
45,087 

23,799 

684,397,599 
580,540,481 
41,243,689 

7,315,443 
670,147,158 

14,250,441 
114,830,272 

26,347 

41,553 

91,996 

465,287 
2,000 

723 
1,670 

o 
55,615 

16,571 

OUTPUTS OF THE DISTRIBUTION AND FINANCIAL SUBMODELS 

New Transmission Plant T2 ($) 
New Distribution Plant T2 ($) 
Total New Plant ($) 
Net Plant in Service ($) 
Actual Operating Expenses ($) 
Equilibrium Revenue ($) 
Equilibrium Volumetric Rate 

($/MMCF) 

4,562,736 
504,678,656 
662,798,592 

1,046,232,580 
938,557,560 

1,080,492,967 

OUTPUT OF THE EVALUATION SUBMODEL ---------------------, 
Peak Sales (MMCF) - Month 
Sales Load Factor 
Total Gas Consumption (MMCF) 
Total Residential Surplus ($) 
Total Commercial Surplus ($) 
Total Industrial Surplus ($) 
Total Consumers' Surplus ($) 
Revenue Surplus (+) or Deficit 

($ ) 
Aggregate Efficiency ($) 

Source: Author v s calculations .. 

91,117.73 - January 
0 .. 6215 

( -) 

679,557 .. 03 
1,317,972,930 

529,1 /+1,889 
1,090,412,118 
2,937,526,937 

- 106,702,886 
3,008,473,157 

137 

o 
394,997,504 
509,827,584 
896,972,032 
829,901,323 
962,526,324 

1,600 .. 67 

84~155~24 ~ December 
0 .. 5955 

601,327 .. 41 
1,286,013,382 

515,134,929 
1,025,546,839 
2,826,695,150 

+ 66,679,651 
2,969,383,351 



$4,657,735,992. An ordinal comparison of the values of a selected number 

of variables, for the two patterns A and B and the reference one R, is 

presented in table 4e19 for the four cases e 

Case SlEl - The average cost pricing policy (R) dominates the two 

marginal cost related pricing patterns A and B with respect to the economic 

efficiency criteriae The consumers would be the losers in patterns A and B 

while the utility would, in both cases, earn high excess revenues ($9Z 

million and $52 million). This is so although pattern R implies very 

slightly higher annual gas consumption, and a new plant significantly 

higher than in case A ($478,732,800), and is second ranked with respect to 

peak sales, load factor, and the equilibrium volumetric ratee 

Case SlE2 - From the economic efficiency viewpoint, the reference 

average cost pricing pattern R dominates the two others. Note that the 

utility achieves excess revenues much smaller than in case SlEI. 

Pattern R is also the optimal one with respect to total annual gas 

consumption and remains second ranked for the other variables. 

Case SZE1 - From the economic efficiency viewpoint, pattern Ragain 

dominates the two others. Note that the utility achieves its overall 

highest excess revenues in case B ($101,59Z,054). Pattern R is also the 

optimum one with respect to the total annual gas consumption and the 

equilibrium volumetric rate but turns out to be the least desirable with 

respect to load factor and amount of new plant in service. 

Case SZE2 - Although here again pattern R dominates the two others with 

respect to aggregate efficiency, this is no longer so when the consumers 

and the utility are considered separately. Indeed, the total consumers' 

surplus in pattern A is, a small margin~ the highest one, mainly because 

of its industrial component. On the other side, it is under pattern A that 

the utility, for the first time, has a revenue deficit of quite a 

substantial magnitude ($106,702,886). Pattern R achieves the lowest load 

factor and is second ranked with respect to the other variables. 
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TABLE 4.19 

SOLUTIONS RANKING 

CASE 

Variable 
S2E2 

ECONOMIC EFFICIENCY .------------------------
Aggregate Efficiency 
Residential Surplus 
Commercial Surplus 
Industrial Surplus 
Total Consumers' Surplus 
Utility's Revenue Surplus 

A<B<R 
A<B<R 
A<B<R 
A<R<B 
A<B<R 
R<B<A 

A<B(R 
A<B<R 
A<B<R 
R(A<B 
A<B<R 
R<B<A 

GAS CONSUMPTION/CONSERVATION 

Total Gas Consumption 
Peak Monthly Sales 
Load Factor 

B(A(R 
A<R<B 
B<R<A 

R<B<A 
A<R<B 
B<R<A 

OTHER VARIABLES 

Total New Plant 
Equilibrium Volumetric 
Rate 

A<B<R 

A<R<B 

Source: Author's calculations. 

A<R<B 

A<R<B 

B<A<R 
B<A<R 
B<A<R 
B<R<A 
B<A<R 
R<A<B 

R<B<A 
B<R<A 
R<A<B 

B<A<R 

R<B<A 

B<A<R 
B<A<R 
B<A<R 
B<R<A 
B<R<A 
A<R<B 

B<R<A 
B<R<A 
R<B<A 

B<R<A 

A<R<B 

It would be unwise to draw from the previous analysis a definite 

conclusion about the feasibility and economic efficiency of marginal cost 

pricing for gas distribution utilities because of both the uncertainties 

bearing upon the values of various parameters and the failure to achieve an 

equilibrium .. To reach such a conclusion (or its opposite), additional 

research and analyses are necessarYe They are summarily outlined in the 

next section .. 

Possible Extensions of the Modeling Approach 

The model presented in this chapter could be improved in at least two 

wayse First, the average cost pricing policy analysis could include a 

supply-demand equilibrium procedure similar to that used in the marginal 
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cost pricing policy analysiso Under such an approach, it could be possible 

to analyze the implications of various assumptions with a given set of 

demand functions. Second, marginal cost based pricing policies should be 

tested. Such pricing patterns should imply a lesser difference between 

peak and nonpeak prices, for instance through spreading the distribution 

capacity marginal cost over the winter months. In such a case, an equilib­

rium between supply and demand is more likely to be reached. Also, some 

theoretical research is called for with respect to the existence or condi­

tions for the existence of a supply-demand equilibrium when prices are set 

equal to the marginal costs as computed in the present model. 

Finally, it is obvious that the implications of marginal cost pricing 

for gas utilities should be analyzed while applying the model to other 

utilities. The data base for such applications is currently being prepared 

for the National Fuel Gas Company, which serves western parts of the states 

of New York and Pennsylvania, and for Pacific Gas and Electric Company, 

which serves northern and central California, and it is expected that the 

results of these applications will be reported in a future research report. 
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CHAPTER 5 

SUMMARY 

The purpose of this research effort was to develop methods for the 

calculation of the marginal costs of gas distribution utilities, and for 

the evaluation of gas pricing policies based on marginal costs. Two 

different approaches have been followed: (1) the distribution plant costs 

have been analyzed statistically with community-level data, and econometric 

models predicting these costs on the basis of such variables as market size 

and mix, population density, and weather have been specified; (2) an 

aggregate, nonspatia1ized optimization model has been developed to 

calculate monthly supply, storage, and transmission marginal costs, and 

this model has been embedded into a larger simulation model analyzing the 

implications of marginal cost pricing policies. 

The major results of the econometric analysis are that (1) the total 

distribution plant costs incurred to serve different sectoral markets are 

nonseparable; (2) economies of scale are achieved with respect to both 

residential and nonresidential gas sales; (3) the community's population 

density is generally an important determinant of distribution plant costs, 

and so is the weather pattern if the service territory is climatologically 

heterogeneouso The above results imply that the marginal plant costs with 

respect to sectoral sales decrease with the sector's size and depend upon 

the size of the other sector(s)$ 

The major results of the optimization/simulation analysis are that 

(1) marginal costs highly depend upon supply conditions (maximum 

availability, charges, contracts, etc.) and upon various technological 
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constraints; (2) peak-shifting problems are very likely to occur if 

distribution capacity marginal costs are wholly assigned to the peak period 

(month); (3) the excess revenue problem does not necessarily always occur, 

and its occurrence depends upon supply conditions, costs, technological 

constraints, financial parameters, and the price elasticities of the 

monthly demandso It would be premature to draw final conclusions from this 

partial analysis, but it should be noted that the results do not clearly 

demonstrate the superiority of this marginal cost pricing method. 

The previous analyses can of course be improved and further developed 

in a number of ways. The econometric models could probably be improved by 

including such variables as sectoral load factors and average customer 

sizes. An important endeavor would be to explain fully the interutility 

differences in the estimated parameters. The optimization/simulation model 

should be used to test marginal cost based pricing policies, wherein peak­

capacity marginal costs could be spread over longer periods. Such policies 

might help to avoid the peak-shifting problem and turn out to be preferable 

to a pure marginal cost pricing policy. Finally, this optimization/­

simulation model might be spatialized through a complete network repres­

entation of the sy~tem (as outlined in chapter 2) in order to compute time­

and space-related marginal costs. This spatialization would be the 

appropriate way to integrate the econometric and optimization/simulation 

approaches presented in this study. 
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APPENDIX A 

LONG ISLAND LIGHTING COMPANY DATA 

The purpose of this appendix is to present the community-level 
data used in the econometric analysis of the Long Island Lighting 
Company, as reported in chapter 3. The data are indicated for 101 
different villages, towns, and cities, and for two years - 1978 and 
1979. The plant in service and the residential and commercial/­
industrial gas sales are presented in table A-I. The residential 
and commercial/industrial numbers of customers, the 1978 population, 
and the corresponding total and residential acreage are presented in 
table A-2. 
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TABLE A-I 

PLANT IN SERVICE AND GAS SALES - LONG ISLAND LIGHTING COMPANY 

Plant In Service ($) Gas Sales (KeF) - 1979 Gas Sales (KeF) - 1978 

Css@ Municipal! ty End of 1979 End of 1978 Total Residential Comlll./lnd. Total Reddential COIIlIll./Ind. 

Town of ~petead 46, 980 p 146 45.435~491 7.382.642.5 4*415.445.1 2,907,197.4 6.962,310.4 4,598.579.0 2p 363.131.4 
Village of: 

2 AtlanUc Beach 264,698 262,219 87.032.4 76.045.9 10,986.5 91,436.4 n ,904.1 13,531. l' 

f-A 3 hlleroilu\l 11l.262 110,668 21.914.6 25.421.4 2,493.2- 28.375.1 26.027.2 2,341&9 
+::-- ~ 528,631 508,407 146.444.0 98,210.6 48,233.4 149,11'''3.4 100,397.4 48,766.0 
+::-- 5 754.654 746,384 193.355.6 124,645.2 68.710.4 180.135.6 128,915.6 51,620.0 

(; 1&045~572 981,715 210.438.8 232.954.2 37.484.6 268,441.2 236.401.0 32.040.2 
7 3.491,923 33 281 ~353 639.616.6 340.004.7 299.611.9 615,635.2 345.211'.0 270,418.2 
8 City 4.066.417 4.043,941 581.456.3 397,691.2 lIn.765.1 557.572.6 406,813.7 150,758.9 
9 Hempstead 3.932.371 3,SIU.974 161,152.0 462.517.5 298.514.5 715,942.2 477 ,430.1 298.51.1.5 

10 Hewlett Bay Park 145.721 139.941 28.272.8 :Z7 .666.9 605.9 29,017.4 28.337.6 739.8 
11 Hewlett 8i:Iroor 315.672 305.003 52.566.1 51.354.3 1.211.8 53.414.0 52.138.5 1.215.5 
12 Hewlet t Neck 80,833 18,969 17.252.6 11.252.6 17 .838.5 17,838.5 
13 !e14nd Park 1. 9l4~524 1.911.004 115,263.1 86,472.3 28 t 790.8 116,323.8 87,440.8 28.883.0 
14 Lawrence 809,159 779,088 239,459.9 206,015.8 33,444.1 253,406.2 214.263.8 39,142.4 
15 City of Long Beach 7,268,240 7,250,461 612,912.6 346,826.2 266,086.4 626,477.7 354,588.8 271.888. I) 

Village of: 
16 Lynbrook 1,785.069 1.756,340 384,302.3 241,902.9 142,399.4 392,465.0 243.012.6 149,452.4 
17 Malverne 578,614 568.026 153,273.0 141,859.8 ll,413.5 155,982.1 145,032.9 10,949.2 
18 New Hyde Fa rk 239,645 224,053 13,344.9 50.416.3 22.928.6 69,043.2 50,249.1 18,794.1 
19 Rockville Centre 3,225,988 3,177 ,206 479,375.0 239,917.2 239,457.8 434,456.0 240.669.9 193.786.1 
20 South Floral Park 181,429 169,697 19.442.6 19,439.3 3.3 19.567.3 19.563.8 3.5 



TABLE A-l 

PLANT IN SERVICE AND GAS SALES - LONG ISLAND LIGHTING COMPANY (Continued) 

Plant In Service ($) Gas Sales (MCF) - 1979 Gas Sales (MCF) - 1978 

Case Municipality End of 1979 End of 1978 Total Residential COOIm./Ind. Total Residential Comm./Ind. 

Village of: 
21 Stewart Manor 173.930 168,883 41.510.9 37,677.3 3,833.6 42.483.3 38,520.3 3,963.0 
22 Valley Stream 2,865,374 2.742,910 715.290.5 543,374.6 171,915.9 732.533.6 555.356.7 177 ,176.9 

f-' 
23 Woods burgh 102.715 93,256 27,082.6 25,536.5 1,546.1 29.49B.l 27,705.0 1,793.1 

-I>- 24 Town of N. Hempstead 8,812,002 8,616,141 2.344.402.8 1,381,263.7 963,139.1 2.340.527.3 1,425.974.1 914.553.2 
LI1 Village of 

25 Baxter Estates 78,486 76,358 16.356.3 10,032.4 6.323.9 16,241.4 10.164.0 6,077.4 
26 East Hillli 409,224 396,526 81,588.3 51.488.7 30.099.6 87,066.5 55,503.5 31,563.0 
27 East Williston 275,521 253,448 36,676.4 35,546.7 1,129.7 37.626.4 36,357.2 1.269.2 
28 Floral Park 183,221 178.534 40.180.3 30,451.5 9.728.8 41.949.3 31,539.8 10,409.5 
29 Flower Hill 500.309 495,373 76,690.8 59,994.7 16.696.1 80,791.6 62.599.5 18,192.1 
30 Great Neck 872.134 839,705 174,773.7 142.964.9 31,808.8 179,139.9 146.833.0 32.306.9 
31 Great Neck Estates 263,374 253,618 76,096.2 65.627.9 10,468.3 80,265.6 69.559.6 10,706.0 
32 Great Neck Plaza 263.421 251,086 133,723.2 14.515.6 119,207.6 119.686.6 15.745.1 103.941.5 
33 Kensington 81,153 81,692 34.851.0 26,057.9 8.793.1 34,376.0 26,671.2 7,704.8 
34 Kings Point 697,278 645,583 139.764.5 114.665.5 25,099.0 209,176.2 123,469.5 85.706.7 
35 Lake Success 691,283 709,362 234,894.6 49,237.2 185,657.4 114.397.5 51.500.4 62,897.1 
36 Manorhaven 361.401 351.420 67,230.1 42,143.7 25.086.4 68,562.8 43,164.4 25,398.4 
37 Mineola 1.306,279 1.254.710 499,668.7 209.265.6 290,403.1 420,881.6 211,540.5 209,341.1 
38 Munsey Park 195,292 189,123 42,737.2 40,947.5 1.789.7 44.70B.4 42,734.4 1.974.0 
39 New Hyde Park 388,062 376,891 93,095.3 75,494.2 17,601.1 93,532.9 75.832.5 17,700.4 
40 North Hills 429.374 413,061 18,260.2 1.313.2 16,947.0 28,173.3 9,149.6 19,023.7 



TAJHE A-I 

PLANT IN SERVICE AND GAS SALES - LONG ISLAND LIGHTING COMPANY (Continued) 

Plant In Service ($) Gas Sales (MCF) - 1979 Gas Sales (MCF) - 1978 

Case Municipali ty End of 1979 End of 1978 Total Residential Camlll./lnd. Total Residential Camm./lnd. 

Village of: 
41 Old Wes tbury 529&566 534,343 86,303.7 22.640.6 63.663.1 47,707.7 21,563.8 26,143.9 
42 Plandoe 100,872 84,284 27,976.1 27.832.9 143.2 29.006.7 28,845.8 160.9 
43 Plandome Heights 74,672 69,212 18~ 903. 6 H~.903.6 19,541.1 19.541.1 

I-' 44 Plandoe Manor 79.228 17 ,386 16.982.6 15.201.0 1,781.6 18,190.1 16,572.5 1,617.6 
..I>- 45 Port Washington N. 329,446 328.929 137.033.6 88.857.6 48,176.0 134,191.4 89,500.9 44.690.5 
0'\ 46 Roslyn 554.355 547,619 77,281.1 12,626.5 64,654.6 75.508.7 13,783.3 61.725.4 

47 Roslyn Estates 122,099 119,570 29.141.4 24.113.7 4&427.7 29,521.6 26,048.4 3,479.2 
48 Rodyn Harbor 362,748 361,265 17,503.3 15,367.9 2,135.4 19,628.8 17,577.4 2.051.4 
49 Russell Garderw 95,248 95,506 25,828.7 14.919.1 10,909.6 25,493.5 16,705.5 8,788.0 
50 Saddle Rock 40,495 46.608 5,724.6 4.989.6 735.0 6,410.1 5,618.4 791.7 
51 Sands Point 88.223 89,678 15.457.0 13,466.2 1,990.8 15,436.9 13.220.2 2,216.7 
52 Tho_stem. 541,583 541,527 54,723.2 43.608.1 11,115.1 57.377.3 44.879.4 12,497.9 
53 Westbury 1.559,449 1,347,889 232.105.5 163,936.6 68,166.9 236,219.5 165,912.2 70.307.3 
54 Williston Park 431,152 408.462 146,347.4 123,381.5 22,965.9 149,867.8 124.141.1 25.726.7 
55 Town of Oyster Bay 28,140.961 26~964.141:l 4,537,342.2 1.903,364.6 2.633.977.6 4.095,979.7 1,978,531.9 2.117.447.8 

Village of: 
56 Bayville 478,867 458.814 131,058.3 113,755.3 17.303.0 130,945.7 114.756.9 16,188.8 
57 Brookville 371.003 358,567 94,237.6 13.144.7 81.092.9 46,440.8 14,361.9 32,078.9 
58 Farmingdale 936.281 734,474 78.736.7 35.594.5 43.142.2 80.398.1 35.840.4 44.557.7 
59 City of Glen Cove 2.501.348 2.474,959 564.490.3 253.457.4 311.032.9 460,020.6 265.413.7 194.606.9 
60 Village of Lattingtown 85.175 73.634 11,604.5 10.147.6 1,456.9 12.754.1 10,900.3 1.853.8 



TABLE A-I 

PLANT IN SERVICE AND GAS SALES - LONG ISLAND LIGHTING COMPANY (Continued) 

Plant In Service ($) Gas Sales (MCF) - 1979 Gas Sales (MCF) - 1978 

Case Municipal! ty End of 1979 End of 1978 Total Residential Comm./Ind. Total Residential Comm. lInd. 

Village of: 
61 Laurel Hollow 8,972 8.972 1.556.0 (4.7) 1,560.7 1,504.8 24.4 1,480.4 
62 Massapequa Park 1.060,091 947.593 137.403.5 107,509.6 29,893.9 133,262.0 109.216.9 24.045.1 

I-' 63 Matinecock 93.122 96,166 18,983.5 13,019.7 5,963.8 17,882.4 13,336.4 4.546.0 
.p.. 64 Mill Neck. 108,276 106,827 6.242.7 6.242.7 5,853.3 5,853.3 24,761. 3 
--..J 65 Muttontown 414,143 409,128 71,201.8 48,688.9 22.512.9 77,390.0 52,628.7 11,107.9 

66 Old Brookville 87,380 87,768 25,194.2 13.643.4 11,550.8 25,501.4 14,393.5 
67 Oyster Bay Cove 143,116 143,660 22.038.4 22,038.4 23.100.0 23,100.0 
68 Roslyn Harbor 167,088 163,564 13.056.5 13,056.5 13,369.4 13,369.4 
69 Sea Cliff 969.885 934,454 104,494.8 94,553.4 9.941.4 108,268.3 98.178.6 10,089.7 
70 Upper Brookville 50.742 49,401 5,872.0 4.478.7 1,393.3 5.593.4 4,287.2 1,306.2 
71 Town of Babylon 13,634.907 13,140,246 2.511,961.4 1,302.246.4 1,209,715.0 2.456.395.8 1,373,302.1 1.083,093.7 

Village of: 
72 Amityville 1,164.722 1.096,064 186,306.1 101.035.2 85,270.9 172,461.6 103,706.0 68,755.6 
73 Babylon 1,735,463 1.609,857 130,913.0 102,836.7 28,076.3 134,137.6 105,758.0 28,379.6 
74 Lindenhurst 2,615,850 2.559,887 288.314.8 196,766.3 91,548.5 298,229.6 202,744.1 95,485.5 
75 Town of Brookhaven 28,662,610 28,474,846 3,057,570.4 2.074,1l8.1 983,452.3 3,063,332.5 2,221,412.1 841,920.4 

Village of: 
76 Belle Terre 30,644 30,644 2,443.9 2,410.2 33.7 2,699.7 2,633.4 66.3 
77 Bellport 93,327 91,212 10,832.2 8,500.8 2,331.4 11,868.7 9,167.2 2,701.5 
78 OldField 41,568 37.201 5,596.6 5,596.6 6,165.6 6,165.6 
79 Patchogue 926,307 875,718 177,986.5 62,782.4 115.204.1 170,100.7 66,374.8 103,725.9 
80 Poquott 5,093 5,093 1,958.1 1,958.1 1,902.1 1,902.1 



TABLE A-I 

PLANT IN SERVICE AND GAS SALES - LONG ISLAND LIGHTING COMPANY (Continued) 

Plant In Service ($) Gas Sales (MCF) - 1979 Gas Sales (MeF) - 1978 

Case Municipali ty End of 1979 End of 1978 Total Residential Comm./lud. Total Residential Comm./lnd. 

Village of: 
81 Port Jefferson 482,526 459.112 98,583.4 53.174.4 45.409.0 105~849.5 56.282.6 49,566.9 
82 Lake Grove 469.750 470.550 127.548.1 75,285.6 52.262.5 123,666.8 IH.427.9 42,238.9 
83 Town of East Hampton 349,463 332.952 31,440.7 21,398.4 10.042.3 33.483.9 22.874.7 10.609.2 

Village of: 
84 East Hampton 131.615 714,225 127.958.6 104.792.3 23,166.3 134,256.5 108,521.2 25,735. :3 

f-A 85 Sag Habol' 149,591 148,192 15,497.9 14.726.7 771.2 14,540.6 13,895.0 645.6 
..g::-. 86 Town of Huntington 17.232,837 16.763,582 3,601,048.3 2,505,424.0 1,095,624.3 3.592,536.5 2,662,009.1 930,527.4 
00 Village of: 

87 Asharoken 18~ 235 16,912 9,346.8 9,274.0 72.8 9.909.5 9,836.7 72.8 
88 Huntington Bay 137.151 130,715 37.850.5 36,355.9 1,494.6 39,970.5 38.483.8 1,486.7 
89 Lloyd Harbor 26.053 26.053 5,935.9 4,590.2 1.345.7 6.287.0 4.766.5 1.520.5 
90 Northport 562.781 562.932 136,929.5 88,167.4 48,762.1 119.277.7 91.288.0 27.989.7 
91 Town of Islip 21,774,198 20,776.994 4.643,850.1 2,696.224.0 1.947.626.1 4,302.760.5 2:,850.006.0 1.452,754.5 

Village of: 
92 Brightwaters 565.741 532,958 60,906.5 50.858.1 10,048.4 60.941.2 50,812.5 10,128.7 
93 Town of Riverhead 3,599,077 3.474,546 203,746.7 87,292.4 116,454.3 200.198.6 91,125.6 109.073.0 
94 Town of Smithtown 8,716,555 8.598,667 1,917.720.1 1.451.195.8 466.524.3 1,985.300.1 1,559,929.4 425,370.7 

Village of: 
95 Head of the Harbor 21,219 21,219 4.360.1 3,128.2 1.231.9 4,084.3 3,195.5 888.8 
96 The Branch 79.985 75.028 27,525.6 3.265.4 24.260.2 26,441.6 3,393.9 23,047.7 
97 Town of Southampton 3,356,573 3,343,291 194,196.9 120.865.4 73,331.5 200.232.6 126.802.1 73,430.5 

Village of: 
98 Sag Harbor 323,867 319,300 38,262.8 28,432.3 9.830.5 39,062.9 29,303.7 9.759.2 
99 Southampton 1,062,846 1,042,636 182,061.5 137,019.9 45.041.6 181.930.4 135.111.9 46,818.5 

100 Town of Southold 1,092.078 1,070,275 155,251.6 115,662.2 39,589.4 161.359.1 119,108.7 42,250.4 
101 City of New York 6,946,156 7,082,285 1,729.420.9 1,018,890.4 696,665.7 1,681,734.3 1,059.414.9 608,626.4 

Source: Annual Reports fo the New Public Service Commission, 1978-1979, Long Island Lighting Company 



TABLE A-2 

NU}ffiER OF CUSTOMERS, POPULATION AND ACREAGE - LONG ISLAND LIGHTlNG COMPANY 

Number of Customers - 1979 Number of Customers - 1978 

Case Municipality Total Residential Cemm./lnd. Population Total Residential 
1978 Acreage Acreage 

Town of Hempstead 76.334 70,886 5,448 76.218 70,795 5,423 542.402 83,200 0 
Village of: 

f--! 
2 Atlantic Beach 754 715 39 756 717 39 1,624 388 270 

+-- 3 Bellerose 362 345 17 360 345 15 1,090 114 91 
\.D 4 Cedarhurst 2,108 1,877 231 2,106 1,877 229 6,928 456 383 

5 East Rockway 2.528 2.363 165 2,520 2,358 162 11,461 831 496 
6 Floral Park 4,577 4,405 172 4,545 4,375 170 16,107 896 0 
7 Freeport 7,449 6.872 577 7,443 6,866 577 40,997 3,219 2.544 
8 Garden City 5,319 5,129 190 5,294 5,096 198 24,914 3,505 2,404 
9 Hempstead 9,635 8,878 757 9,649 8,864 785 40.365 2.360 1,773 

10 Hewlett Bay Park 134 130 4 133 129 4 601 213 174 
11 Hewlett Harbor 231 229 2 229 227 2 1,501 534 436 
12 Hewlett Neck 120 120 119 119 541 192 157 
13 Island Park 1,283 1,163 120 1,285 1,161 124 5,578 269 234 
14 Lawrence 1,941 1.854 87 1,954 1,861 93 6,425 3,007 1,991 
15 City of Long Beach 8,837 8,022 815 8,795 7,975 820 34,546 1,564 1,364 

Village of: 
16 Lynbrook 5,700 5,193 507 5,693 5,187 506 22.853 1,280 0 
17 Malverne 2.602 2,509 93 2,595 2,500 95 10,024 308 273 
18 New Hyde Park 1,126 1.088 38 1,129 1.089 40 4,263 299 198 
19 Rockville Centre 5,637 5,222 415 5.644 5,233 411 28,535 2,148 1,607 
20 South Floral Park 296 295 1 293 292 1 1.105 83 58 



TABLE A-2 

NUMBER OF CUSTOMERS, POPULATION AND ACREAGE - LONG ISLAND LIGHTING COMPANY (Continued) 

Number of Customers - 1979 Number of Customers - 1978 

Case Municipality Total Residential Comm./lnd. 

Village of: 
21 Stewart Manor 607 580 27 609 582 27 2,147 127 105 
22 Valley Stream 10,462 9,833 629 10.473 9.842 631 40,200 4.215 2.079 

f-I 23 Woods burgh 248 243 5 247 242 5 806 284 232 
U1 24 Town of N. Hempetead 22,154 20.510 1,644 22,158 20.494 1,664 103.742 35,840 0 
0 Village of 

25 Baxter Estates 231 198 33 227 196 31 1.036 0 0 
26 East HUb 437 367 70 439 366 73 8,708 1.408 0 
27 East Williston 514 509 5 509 504 5 2.805 370 292 
28 Floral Park 734 693 41 732 689 43 1,936 118 118 
29 Flower Rin 563 528 35 561 525 36 4,610 1,055 885 
30 Great Neck 2~569 2,425 144 2,565 2,421 144 10,661 904 852 
31 Great Neck Estates 803 763 40 800 761 39 3,082 327 278 
32 Great Neck Plaza 1,987 1.765 222 1,984 1.759 225 6,113 203 95 
:n Kensington 244 241 3 244 241 3 1,605 168 147 
34 Kings Point 648 628 20 640 623 17 5.799 2,559 2.483 
35 Lake Success 383 336 47 385 337 48 3.434 1,045 692 
36 Manorhaven 514 442 12 510 440 70 5,911 256 0 
37 Mineola 5,351 4,909 442 5,342 4,894 448 20.497 1,190 821 
38 Munsey Park 530 519 11 528 518 10 3,004 333 333 
39 New Hyde Park 1,700 1.596 104 1,696 1,587 109 5.907 299 198 
40 North Hills 38 25 13 40 26 14 1,329 563 248 



TABLE A-2 

NUMBER OF CUSTOMERS, POPULATION AND ACREAGE - LONG ISLAND LIGHTING COMPANY (Continued) 

Number of Customers - 1979 Number of Customers - 1978 

Case Municipality Total Residential Comm./lnd. Population Total Residential 
1978 Acrea8~ Acreas:e 

Village of: 
41 Old Westbury 101 88 13 99 87 12 2.389 3,637 3.407 

I-' 42 Plandome 287 283 4 286 282 4 1,604 375 292 
\.J1 43 Plandome Heights 246 246 244 133 1,056 247 192 
I-' 44 Plandome Manor III 107 4 110 106 4 820 192 149 

45 Port Washington N. 606 538 68 608 540 68 3,009 330 211 
46 Roslyn 631 537 94 628 532 96 2,621 717 503 
47 Roslyn Estates 202 195 7 203 195 8 1,438 394 276 
48 Roslyn Harbor 93 89 4 92 88 4 848 232 163 
49 Russell Gardens 315 302 13 314 301 13 1.103 117 98 
50 Saddle Rock 35 30 5 35 30 5 885 330 290 
51 Sands Point 76 74 2 77 75 2 3,112 2.302 1.429 
52 Thomaston 704 679 25 700 675 25 2,648 281 244 
53 Westbury 3,106 2,872 234 3,087 2,853 234 15.924 1.525 1,525 
54 Williston Park 2,190 2,056 134 2,183 2,043 140 8,923 751 497 
55 Town of Oyster Bay 33,723 30,258 3.465 33.642 30.219 3,423 282.159 72.960 0 

Village of: 
56 Bayville 1,459 1,396 63 1,452 1,392 60 6,981 896 ° 57 Brookville 67 51 16 64 49 15 3,435 4,266 2,683 
58 Farmingdale 1.310 1,092 218 1,307 1,091 216 9,568 722 624 
59 City of Glen Cove 4.920 4.577 343 4,931 4.589 342 27.684 4.460 3.572 
60 Village of Lattingtown 88 83 5 88 82 6 1.912 3.076 1,177 



TABLE A-2 

NUMBER OF CUSTCMERS, POPULATION AND ACREAGE - LCNG ISLAND LIGHTING CCMPANY (Continued) 

Number of Customers - 1979 Number of Customers - 1978 

Case Municipality Total Residential Comm./lnd. Population Total Residential 
1978 Acrea/ie Acrea21!l 

Village of: 
61 Laurel Hollow 10 1 9 10 2 8 1.560 2,897 3,188 
62 Massapequa Park 2,419 2.314 105 2.398 2,303 95 22,200 1,393 1,341 
63 Hatinecock 80 63 17 80 63 17 886 1,425 544 

I-' 64 Mill Neck 34 34 32 32 15 1,039 1,671 640 
lJ1 65 Muttontown 200 185 15 200 185 13 2,753 485 386 
N 66 Old BrOOKville 84 71 13 84 71 2,084 367 292 

67 Oyster Bay Cove 76 76 76 76 1.711 2,982 2,823 
68 Roslyn BarboI' 75 15 73 73 305 0 0 
69 Sea. CU.ff 1,605 1,511 94 1,594 1,504 90 6.123 704 0 
10 Upper Brookville 33 27 6 33 27 6 1.331 235 186 
71 Town of Babylon 17» 559 15,457 2,102 17 ,547 15,461 2,086 165,651 33,920 0 

Village of: 
72 Amityville 1.892 1,684 208 1,894 1,683 211 10.776 1.344 0 
73 Babylon 2,012 1.873 139 2.019 1.877 142 13,499 1,600 0 
74 Lindenhurst 4,082 3,791 291 4.090 3,796 294 30.457 2.368 0 
75 Town of Brookhaven 19,075 17.845 1,230 18,980 17.754 1.226 321,322 166,400 0 

Village of: 877 0 0 
76 Belle Terre 15 14 1 15 14 1 
77 Bellport 252 232 20 254 234 20 2.978 896 0 
78 Old Field 43 43 44 44 872 0 0 
79 Patchogue 1.825 1,618 207 1,842 1,632 210 11.299 1,472 0 
80 Poquott 31 31 31 31 521 ° 0 



TABLE A-2 

NUMBER OF CUSTOMERS, POPULATION AND ACREAGE - LONG ISLAND LIGHTING COMPANY (Continued) 

Number of Customers - 1979 Number of Customers - 1978 

Case Municipali ty Total Residential Comm./Ind. Population Total Reaidential 
1978 Acreaa;e Acreaae 

Village of: 
81 Port Jeffel"!Oon 997 836 161 993 829 164 6,315 1,280 0 
82 Lake Grove 630 557 73 632 558 74 9,445 1,856 0 
83 Town of East Hampton 410 371 39 410 371 39 12,013 44.800 0 

Village of: 

I--' 84 East Hampton 1.025 932 93 1,023 928 95 2.044 0 0 
\J1 85 Sag Hahor 311 298 13 311 298 13 946 0 0 
LV 86 Town of Huntington 23,336 21,474 1.862 23.299 21,434 1,865 203.028 60.160 0 

Village of: 
87 Asharoken 65 64 1 64 63 1 644 0 0 
88 Huntington Bay 265 261 4 262 258 4 1,925 0 0 
89 Lloyd Harbor 33 31 2 33 31 2 3,930 5,888 0 
90 Northport 1.451 1,331 120 1,462 1.338 124 8,212 1,600 0 
91 Town of Islip 31.772 29,438 2.334 31,858 29.536 2,322 309,016 65.280 0 

Village of: 
92 Brightwaters 672 628 44 670 628 42 3,808 576 0 
93 Town of Riverhead 1,851 1.590 261 1.869 1,603 266 23,921 49.920 0 
94 Town of Smithtown 12,197 11,376 821 12,181 11,372 809 121,723 1,952 0 

Village of: 
95 Head of the Harbor 68 62 6 69 63 6 1,093 0 0 
96 The Branch 148 80 68 148 83 65 1,856 0 0 
97 Town of Southampton 1,909 1,693 216 1.899 1,682 217 38,355 92.800 0 

Village of: 
98 Sag Harbor 576 507 69 577 507 70 1,860 0 0 
99 Southampton 1,579 1.418 161 1,575 1.411 164 5,541 4,096 0 

100 Town of Southold 2,109 1,941 168 2,102 1,933 169 17 ,067 33,920 0 
101 City of New York 16.535 15,053 1,482 16,690 15,173 1,457 97,343 3,455 0 

Source: Annual Reports to the New York Public Service Commission, 1978-1979, Long Island Lighting Company 





APPENDIX B 

COI1JMBIA GAS OF OHIO CCMPANY DATA 

The purpose of this appendix is to present the community-level 
data used in the econometric analysis of the Columbia Gas of Ohio 
Company, as reported in chapter 3. The residential, commercial, and 
industrial gas sales and numbers of customers, the net plant in ser­
vice, and the population and acreage of 52 communities included in 
the company's service territory are indicated in Table B-1. 
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TABLE B-1 

GAS SALES, NUHBERS OF CUSTOMERS, NET PLANT IN SERVICE, POPULATION AND ACREAGE - COWMBIA GAS OF OHIO CfP.'TtJff 

Gas Sales (MCF) 

Case Community 
Number of Customers Net Plant Population 

Residential Commercial Industrial All Residential Commercial Industrial All In Service 
Acreage 

Sector Sector Sector Sectors Sector Sector Sector Sectors ( $) 

1 Toledo 18921600 5834240 595056 25350896 105789 7398 107 113294 29121200 383818 51968 
2 Lorain 3678430 1201380 86090 4965900 20851 1469 5 22325 6493670 78185 14272 
3 New Riegel 16557 13220 7483 37260 103 26 i 130 47796 
4 Mansfield 3034030 1253110 156290 4443430 16891 1791 22 18704 503Q310 55047 15424 
5 Parma 4801800 1079030 17740 5898570 29119 1350 3 30472 7182480 100216 13312 
6 Westlake 876060 384577 29313 1289950 4298 272 4 4574 164f'1710 15689 9984 
7 Dublin 21767 109011 0 130778 143 33 0 176 257064 5000 11520 
8 Bexley 913233 117658 0 1030890 4606 151 0 4757 919970 14888 1536. 
9 Brice 8109 6001 0 14109 48 8 0 56 5616e' 250 64 

10 Canal Winchester 99570 51673 1363 152605 628 73 1 702 173420 3200 6400 
11 Columbus 25089392 10502700 643108 36235200 166263 9999 1555 177817 38948896. 5~9677 86144 

I--' 12 Gahanna 573314 156232 0 729546 3938 174 0 4112 1138880 12400 4288 
U1 13 Grove City 643216 143203 14310 800729 4669 197 2 4868 1321340. 13911 2880 Q'\ 

14 Groveport 135525 40600 0 176124 1012 68 0 1080 319436 4000 4480 
15 Hilliard 327003 83408 44317 454733 2435 123 4 2562 747516 8369 2752 
16 Marble Cliff 40101 40053 0 80154 267 25 0 292 102601 680 192 
17 Minerva 84134 8272 0 92406 463 28 0 491 132142 1600 1920 
18 New Albany 22698 18114 0 40812 149 31 0 180 70959 530 4480. 
19 New Rome 5465 6297 0 11762 38 16 0 54 33023 110 640 
20 Obetz 104418 41444 30245 176107 709 31 2 742 23A919 3500 1920 
21 Reynoldsburg 600557 153428 0 753980 4803 216 0 5019 1249880 13921. 3008 
22 Upper Arlington 2249180 385746 0 2634930 12013 357 C 12370 3234450 38630. 6144 
23 Urbancrest 28271 3764 0 32035 173 7 0 180 76474 
24 Valleyview 40632 860 0 41492 265 3 0 268 29922 1000 3200 
25 Westerville 610072 192861 56299 859232 4282 309 5 4596 1762330 12530. 5440. 
26 Whitehall 923728 345809 13123 1282660 8196 523 1 8720 1815520 25263 3712 
27 Worthington 717015 253311 30254 1000580 4565 309 4 4878 1426700 15326 3264 
28 Ashville 85484 23294 4882 113660 573 64 1 638 256988. 2309 640 
29 Mount Sterling 86954 30670 0 117623 528 77 0 605 217049 
30 Waldo 19027 9644 9126 37797 126 31 1 158 44432 437 256 
31 Baltimore 117863 26736 176 144774 822 78 1 901 397805 3150 2560 
32 Centerburg 72004 23868 10523 106394 397 65 2 464 121475 
33 Granville 141405 59180 4473 205058 713 122 3 838 229058 3963 448 

,34 Magnetic Springs 17466 3713 0 21179 108 11 0 119 25393 
35 Springfield 4023530 1212120 147110 5382760 24709 2120 26 26855 58U170. 81926 10688 



TABLE B-1 

GftJj SALES, NlJl'ffiERS Of CUS'IOHERS, NET PLANT HI Sf':RVICE, rO!'ULATION AND ACREAGI: - COLtnffiIA r.AS OT' OHIO CCHPf..NY (Continued) 

Gas Sales (HCF) Number of Customers 
Net Plant 

Residential Commercial Industrial All Residential Commercial Industrial All In Service 
Case Community Sector Sector Sector Sectors Sector Sector Sector Sectors ( $) POEulation Acreage 

36 Tremont City 17912 2617 0 20528 117 11 0 128 19693 
37 Columbiana 240345 106271 59393 406009 1598 162 6 1766 486780 4959 1920 
38 Martins Ferry 534975 179553 31953 746481 3171 267 3 3441 998Q15 10757 1344 
39 Shadyside 212723 33110 868 246701 1528 78 1 1607 367350 5070 512 
40 Mingo Junction 203308 30532 6837 240677 1318 88 3 1409 407877 5278 1408 
41 Steubenville 1539250 675665 3Q525 2245440 8641 776 14 9431 2480,90 27105 4800 
42 Jewett 47076 9983 0 57059 255 27 0 282 86611 
43 Quaker City 33585 10493 0 44078 206 29 0 235 88118 
44 Frazeysburg 53826 12582 0 66408 342 39 0 381 94325 
45 Lower Salem 5913 1111 0 7024 46 B. 0 54 27526 102 320 
46 Hemlock 9462 390 0 9852 63 2 0 65 25232 199 256 
47 Shawnee 401B3 9137 0 49319 267 35 0 302 129723 914 448 

I-' 
48 Chillicothe 1206150 315401 35569 1557120 B082 770 9 8861 25327.40 24842 5312 

V1 49 Cheshire 9348 1986 0 11334 74 12 0 86 30L80 
"'-l 50 Middleport 143105 36443 10515 190063 988 125 4 1117 369244 2784 704 

51 New Boston 152239 38217 0 190456 1023 129 0 1152 354208 3325 640 
52 Portsmouth 1383200 520979 50311 1954490 8871 1064. 13 9948 3159150· 27633 7808 

Source: Public Utili-ties Commission of Ohio 





APPENDIX C 

PACIFIC GAS AND ELECTRIC COMPANY DATA 

The purpose of this appendix is to present the community-level data 
used in the econometric analysis of the Pacific Gas and Electric Company, 
as reported in chapter 3. The numbers of residential, commercia], and 
industrial gas customers and the corresponding sales for the years 1975 
through 1979 and for 94 communities of 10,000 population or more are 
indicated in tables C-1 through C-8. The 1970 population and acreage, 
and the 1978 and 1979 distribution plant and main mileage of these com­
munities are indicated in table C-9. Finally, average degree-day data 
are indicated in table C-10. 
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TABLE C-1 

Average Number of Residential, Commercial, and Industrial Gas Customers -
Communities of 10,000 Population or More 

Pacific Gas and Electric Company 

Year 1975 1976 1977 1978 1979 

Community 

Coast Valleys 

Monterey 9,288 9,455 9,545 9,583 9,644 

Pacific Grove 6,666 6,705 6,717 6,766 6,893 

Salinas 22,609 23,255 23,975 24,445 25,038 

Seaside 6,855 6,905 t 6,955 6,931 6,963 

Colgate 

Yuba City 5,785 5,986 6,320 7,160 7,558 

De SabIa 

Chico 8,278 8,576 9,075 9,378 9,770 

Drum 

Roseville 7,465 7,693 7,994 8,280 8,552 

East Bay 

Alameda 20,554 20,678 20,680 20,675 20,827 

Albany 5,757 5,764t 5,772 5,781 5,780 

Antioch 11,712 12,093 12,774 13,742 14,609 

Berkeley 41,788 41,913 41,912 41,958 42,199 

Concord 30,817 31,747 32,962 33,943 35,027 

El Cerrito 9,631 9,675 9,707 9,768 9,807 

Fremont 35,507 36,441 37,605 38,835 40,645 

Hayward 29,665 30,186 30,556 30,984 31,462 

Lafayette 7,182 7,276 7,349 7,430 7,535 

Livermore 15,409 15,699 15,879 16,033 16,140 

Martinez 6,770 7,038 7,444 7,849 8,297 

Moraga 4,103 4,188 4,317 

Newark 8,105 8,455t 8,806 9,012 9,198 

Oakland 126,639 126,913 127,219 127,223 128,497 
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TABLE C-l 

Average Number of Residential, Commercial, and Industrial Gas Customers 
Communities of 10,000 Population or More 

Pacific Gas and Electric Company (Continued) 

Year 1975 1976 1977 1978 1979 

Community 

East Bay (cont.) 

Piedmont 3,797 3,808 3,822 3,828 3,848 

Pinhole 4,739 4,836 4,858 4,868 4,910 

Pittsburg 8,673 9,111 9,529 9,938 10,433 

Pleasant Hill 7,868 7,944 7,991 8,117 8,560 

Pleasanton 9,477 10,086 10,502 10,734 10,999 

Richmond 26,543 26,776 26,962 27,054 27,289 

San Leandro 23,696 23,893 23,937 24,027 24,312 

San Pablo 7,229 7,221 7,241 7,243 7,258 

Union City 9,473 10,220 10,743 11,102 11,515 

Walnut Creek 16,634 17,032 17,533 17,986 18,800 

Humboldt 

Arcata 3,762 3,842 4,037 4,238 4,385 

Eureka 10,393 10,464 10,589 10,702 10,810 

North Bay 

Benicia 4,372 4,634 5,058 

Larkspur 4,265 4,313 4,329 4,375 4,418 

Mill Valley 4,915 5,005 5,107 5,119 5,133 

Napa 17,187 17,660 18,051 18,463 18,973 

Novato 10,020 10,548 11,061 11,455 12,330 

Petaluma 10,577 10,857 10,995 11,266 11,551 

Rohnert Park 4,296 4,895 5,468 

San Anselmo 4,978 4,988 4,985 5,006 5,024 

San Rafael 15,913 16,597 16,853 16,958 17,024 

Santa Rosa 25,982 27,247 28,739 30,008 30,966 

Ukiah 3,228 3,496 3,718 3,881 4,156 

Vallejo 23,602 24,184 24,472 25,247 26,228 

Sacramento 

Davis 10,038 10,459 10,942 11,527 12,052 

Fairfield 12,466 12,979 13,704 14,198 14,911 

Sacramento 96,944 97,796 98,123 98,711 100,155 
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TABLE C-1 

Average Number of Residential, Commercial, and Industrial Gas Customers 
Communities of 10,000 Population or More 

Year 

Community 

Sacramento (cont.) 

Vacaville 

Woodland 

San Francisco 

Daly City 

Millbrae 

Pacifica 

San Bruno 

San Francisco 

South San Francisco 

San Joaquin 

Atwater 

Bakersfield 

Clovis 

Fresno 

Los Banos 

Madera 

Merced 

Ridgecrest 

Sanger 

San Jose 

Belmont 

Burlingame 

Campbell 

Cupertino 

Foster City 

Gilroy 

Los Altos 

Los Gatos 

M.enlo Park 

Milpitas 

Pacific Gas and Electric Company (Continued) 

1975 

9,358 

8,933 

23,945 

7,126 

11,344 

.11,790 

256,230 

15,946 

3,568 

28,698 

7,311 

67,238 

3,238 

6,344 

10,413 

4,273 

3,462 

8,460 

11,151 

9,189 

7,336 

4,943 

4,826 

9,130 

8,665 

11,472 

8,858 

1976 

10,288 

9,201 

24,157 

7,157 

11,421 

11,793 

256,674 

16,201 

3,706 

29,828 

8,355 

70,025 

3,275 

6,477 

10,875 

4,062 

3,566 

8,601 

11,158 

9,360 

7,629 

5,272 

5,071 

9,265 

8,910 

11,603 

8,951 

162 

1977 

11,295 

9,557 

24,403 

7,220 

11,424 

11,825 

257,136 

16,277 

3,854 

31,412 

9,484 

73,825 

3,296 

6,681 

11,396 

4,170 

3,607 

8,802 

11,136 

9,335 

7,851 

5,616 

5,387 

9,436t 

9,217 

11,683 

9,258 

1978 

12,360 

10,005 

24,539 

7,280 

11,452 

11,835 

259,013 

16,384 

4,052 

33,224 

10,273 

76,852 

3,343 

6,932 

11,928 

4,404 

3,710 

8,939 

11,172 

9,530 

8,098 

6,150 

5,814 

9,608 

9,584 

11,783 

9,738 

1979 

13,275 

10,311 

24,702 

7,301 

11,525 

11,863 

260,507 

16,624 

4,390 

34,826 

11,254 

79,905 

3,427 

7,323 

12,298 

4,686 

3,896 

9,054 

11,190 

9,792 

9,917 

6,369 

6,286 

9,650 

9,811 

11,819 

10,391 



TABLE C-l 

Average Number of Residential, Commercial, and Industrial Gas Customers 
Communities of 10,000 Population or More 

Pacific Gas and Electric Company (Continued) 
Year 1975 1976 1977 1978 1979 

Community 

San Jose (cant.) 

Mountain View 

Morgan Hill 

Redwood City 

San Carlos 

San Jose 

San Hateo 

Santa Clara 

Santa Cruz 

Saratoga 

Sunnyvale 

Watsonville 

Shasta 

Redding 

Stockton 

Ceres 

Lodi 

Manteca 

Modesto 

Stockton 

Tracy 

Turlock 

Customers in 
Communities of 
10,000 Popula­
tion and Over 

Customers in Commu­
nities of Less 
Than 10,000 
Popu1ati.on 

t S~e Table C-2 

19,236 

20,030 

10,273 

167,500 

27,871 

27,321 

13,428 

8,465 

32,083 

5,998 

3,714 

12,455 

6,147 

30,125 

42,463 

5,888 

6,538 

1,795,687 

724,092 

19,596 

20,147 

10,382 

172,938 

28,034 

27,642 

13,677 

8,651 

32,708 

6,417 

3,811 

12,768 

6,470 

31,551 

44,401 

5,979 

6,802 

2,112,814 

462,057 
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20,246 

3,364 

20,208 

10,453 

179,362 

28,106 

28,228 

13,965 

8,799 

33,207 

6,702 

3,950 

3,682 

13,040 

6,993 

33,191 

46,723 

6,130 

7,500 

1,883,132 

752,108 

20,615 

3,904 

20,429 

10,540 

184,728 

28,382 

28,473 

14,335 

8,832 

34,169 

6,938 

7 ,.419 

3,947 

13,421 

7,796 

34,963 

49,369 

6,325 

8,012 

1,936,143 

761,582 

21,092 

4,306 

20,708 

10,598 

188,598 

28,704 

29,250 

14,641 

9,142 

34,439 

7,104 

9,8~3 

4,232 

13,797 

8,550 

36,721 

52,266 

6,499 

8,805 

1,990,815 

772,582 



TABLE C-l 

Average Number of Residential, Commercial, and Industrial Gas Customers 
Communities of 10,000 Population or More 

Year 

Other'Sales to 
Public Authorities 

Sales for Resale 

Interdepartmental 
Sales 

Pacific Gas and Electric Company (Continued) 

1975 1976 1977 1978 

1 1 1 1 

4 4 4 6 

1979 

1 

8 

Total 2,519,784 2,574,876 2,635,245 2,697,732 2,763,406 

Source: Annual Reports to the California Public Utilities Commission, 1975-1979, 
Pacific Gas and Electric Company. 
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Year 

Community 

Coast Valleys 

Monterey 

Pacific Grove 

Salinas 

Seaside 

Colgate 

Yuba City 

De SabIa 

Chico 

Drum 

Roseville 

East Bay 

Alameda 

Albany 

Antioch 

Berkeley 

Concord 

E1 Cerrito 

Fremont 

Hayward 

Lafayette 

Livermore 

Martinez 

Moraga 

Newark 

Oakland 

TABLE C-2 

Average Number of Residential Gas Customers - Communities of 10,000 
Population or More - Pacific Gas and Electric Company 

1975 1976 1977 1978 1979 

8,293 8,435 8,524 8,557 8,589 

6,347 6,368 6,383 6,424 6,539 

20,924 21,531 22,233 22,634 23,161 

6,426 6,475t 6,524 6,502 6,532 

5,187 5,355 5,688 6,428 6,767 

7,352 7,645 8,144 8,439 8,763 

6,925 7,140 7,429 7,722 7,~59 

19,723 19,805 19,786 19,776 19,915 

5,449 5,444t 5,439 5,443 5,441 

11,181 11,551 12,213 13,159 14,002 

39,093 39,154 39,183 39,205 39,439 

29,315 30,209 31,344 32,233 33,223 

9,233 9,254 9,295 9,351 9,387 

.34,101 34,969 36,067 37,257 38,959 

27,395 27,856 28,153 28,506 28,919 

6,701 6,781 6,862 6,935 7,003 

14,798 15,070 15,241 15,340 15,418 

6,417 6,682 7,084 7,492 7,928 

--tt 3,976 4,063 4,189 

7,787 8,124t 8,461 8,644 8,814 

118,503 118,633 119,169 119,229 120,421 
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TABLE C-2 

Average Number of Residential Gas Customers - Communities of 10,000 
Population or More - Pacific Gas and Electric Company (Continued) 

Year 1975 1976 1977 1978 1979 

Community 

East Bay (cont.) 

Piedmont 3,760 3,768 3,785 3,794 3,815 

Pinhole 4,573 4,663 4,685 4,688 4,721 

Pittsburg 8,219 8,651 9,072 9,461 9,939 

Pleasant Hill 7,472 7,537 7,575 7,684 8,094 

Pleasanton 9,121 9,702 10,080 10,278 10,509 

Richmond 25,042 25,259 25,451 25,550 25,750 

San Leandro 21,801 21,966 21,997 22,089 22,358 

San Pablo 6,791 6,782 6,826 6,838 6,859 

Union City 9,118 9,838 10,356 10,698 11,104 

Walnut Creek 15,650 16,022 16,505 16,927 17,638 

Humboldt 

Arcata 3,340 3,404 3,600 3,797 3,928 

Eureka 9,264 9,280 9,390 9,475 9,570 

North Bay 

Benicia 4,101 4,350 4,755 

Larkspur 4,054 4,103 4,113 4,145 4,165 

Mill Valley . 4,,630 4,699 4,787 4,794 4,797 

Napa 16,124 16,564 16,936 17,290 17,750 

Novato 9,586 10,098 10,595 1Q,978 11,758 

Petaluma 9",897 10,145 10,269 10,529 10,777 

Rohnert Park 4,137 4,698 5,254 

San Anselmo 4,683 4,687 4,684 4,704 4,713 

San Rafael 14,383 15,041 15,269 15,333 15,345 

Santa Rosa 24,063 25,303 26,803 28,042 28,887 

Ukiah 2,811 3,056 3,269 3,402 3,623 

Vallejo 22,171 22,783 23,071 23,827 24,792 

Sacramento 

Davis 9,652 10,069 10,559 11,142 11,616 

Fairfield 11,852 12,314 13,005 13,473 14,129 

Sacramento 91,255 92,059 92,374 92,885 94,209 
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TABLE C-2 

Average Number of Residential Gas Customers - Communities of 10,000 
Population or More - Pacific Gas and Electric Company (Continued) 

Year 1975 1976 1977 1978 1979 

Community 

Sacramento (cant. ) 

Vacaville 8,949 9,864 10,857 11,899 12,772 

t~oodland 8,330 8,584 8,939 9,343 9,591 

San Francisco 

Daly City 23,247 23,474 23,720 23,860 24,027 

¥.&.i.l1brae 6,822 6,856 6,919 6,976 6,998 

Pacifica 11,062 11,113 11,124 11,162 11,219 

San Bruno 11,212 11,201 11,230 11,238 11,262 

San Francisco 239,190 239,021 239,965 241,808 243,298 

South San Francisco 14,747 14,987 15,052 15,139 15,342 

San Joag,uin 

Atwater 3,328 3,468 3,619 3,803 4,126 

Bakersfield 25,873 26,971 28,537 30,221 31,727 

Clovis 6,934 7,939 9,036 9,768 10,658 

Fresno 62,054 64,641 68,299 71,157 73,879 

Los Banos 2,924 2,956 2,982 3,026 3,108 

Madera 5,824 5,952 6,167 6,428 6,755 

Merced 9,480 9,924 10,438 10,964 11,287 

Ridgecrest 3,970 3,740 3,851 4,069 4,328 

Sanger 3,172 3,266 3,312 3,420 3,596 

San Jose 

Belmont 8,065 8,192 8,396 8,525 8,632 

Burlingame 10,153 10,148 10,129 10,149 10,159 

Campbell 8,215 8,325 8,258 8,429 8,624 

Cupertino 6,923 7,201 7,399 7,617 9,387 

Foster City 4,832 5,156 5,486 6,001 6,185 

Gilroy 4,327 4,574 4,885 5,295 5,709 

Los Altos 8,579 8,699 8,867t 9,036 9,064 

Los Gatus 8,000 8,230 8,532 8,870 9,059 

Menlo Park 10,758 10,876 10,962 11,046 11,077 

Milpitas 8,529 8,622 8,927 9,394 10,005 

167 



TABLE C-2 

Average Number of Residential Gas Customers - Communities of 10,000 
Population or More - Pacific Gas and Electric Company (Continued) 

Year 

Community 

San Jose (cont.) 

Mountain View 

Morgan Hill 

Redwood City 

San Carlos 

San Jose 

San Mateo 

Santa Clara 

Santa Cruz 

Saratoga 

Sunnyvale 

Watsonville 

Shasta 

Redding 

Stockton 

Ceres 

Lodi 

Manteca 

Modesto 

Stockton 

1975 

18,692 

9,346 

159,884 

26,128 

25,167 

12,178 

8,139 

30,413 

5,305 

2,902 

1976 

17,870 

18,792 

9,446 

165,080 

26,252 

25,433 

12,390 

8,309 

30,956 

5,703 

2,945 

1977 

18,481 

3,103 

18,859 

9,511 

171,269 

26,328 

25,884 

12,666 

8,451 

31,385 

5,969 

3,079 

1978 

18,760 

3,633 

19,062 

9,575, 

176,404 

26 7 574 

26,002 

13,015 

8,476 

32,263 

6,193 

6,316 

1979 

19,156 

3,949 

19,338 

9,627 

179,886 

26,887 

26,616 

13,314 

8,769 

32,327 

6,347 

8,596 

3,437 3,700 3,972 

11,497 11,806 12,078 12,434 12,776 

5,729 6,041 6,542 7,303 8,030 

28,246 29,631 31,220 32,895 34,493 

39,533 41,403 43,666 '46,195 48,938 

Tracy 5,487 5,551 5,710 5,903 6,052 

Turlock 5,882 6,147 6,851 7,338 8,075, 
~======~~==~~~==~~~====~====================~== 

Customers in 
COlTh"1l.uni ties 0 f 
10,000 Popula­
tion and Over 

Customers in Commu­
nities of Less 
Than 10,000 
Population 

Total 

1,681,474 1,977,114 

680,737 436,479 

2,362,211 2,413,593 

1,764,986 1,814,894 1,864,845 

707,916 716,861 726,662 

2,472,902 2,531,755 2,591,507 

Source: Annual Reports to the California Public Utilities Commission, 1975-1979, 
Pacific Gas and Electric Company. 

t value linearly interpolated (original data inconsistent) 
tt See Table C-3 168 



Year 

Community 

Coast Valleys 

Monterey 

Pacific Grove 

Salinas 

Seaside 

Colgate 

Yuba City 

De SabIa 

Chico 

Drum 

Roseville 

East Bay 

Alameda 

Albany 

Antioch 

Berkeley 

Concord 

El Cerrito 

Fremont 

Hayward 

Lafayette 

Livermore 

Martinez 

Moraga 

Newark 

Oakland 

TABLE C-3 

Average Number of Commercial Gas Customers - Communities of 10,000 
Population or More - Pacific Gas and Electric Company 

1975 1976 1977 1978 

983 1,009 1;;012 1,017 

316 334 331 339 

1,665 1,705 1,727 1,796 

428 429t 430 428 

590 622 623 724 

914 919. 920 928 

528 542 557 550 

811 855 876 882 

303 31St 328 333 

522 533 554 578 

2,623 2,690 2,675 2,734 

1,494 1,530 1,609 1,701 

397 420 411 416 

1,381 1,448 1,518 1,558 

2,221 2,282 2,359 2,433 

481 495 487 495 

605 623 634 689 

345 348 352 349 

--tt 124 124 

290 306t 322 346 

7,911 8,076 7,869 7,819 

169 

1979 

1 (\/. c.. ,v"'tV 

351 

1,861 

430 

783 

996 

5-86 

895 

334 

602 

2,741 

1,795 

419 

1,665 

2,498 

532 

719 

361 

127 

362 

7,904 



TABLE C-:3 

Average Number of Commercial Gas Customers - Communities of 10,000 
Population or More - Pacific Gas and Electric Company (Continued) 

Year 1975 1976 1977 1978 1979 

Community 

East Bay (cont.) 

Piedmont 37 40 37 34 33 

Pinhole 166 173 173 180 189 

Pittsburg 445 451 449 469 486 

Pleasant Hill 396 407 416 433 466 

Pleasanton 348 378 417 451 485 

Richmond 1,425 1,443 1,444 1,439 1,475 

San Leandro 1,801 1,837 1,860 1,858 1,878 

San Pablo 435 436 412 402 396 

Union City 317 344 352 370 378 

Walnut Creek 981 1,007 1,026 1,057 1,160 

Humboldt 

Arcata 414 433 435 439 455 

Eureka 1,108 1,166 1,184 1,212 1,227 

North Bay 

Benicia 267 280 ~99 

Larkspur 206 206 213 227 250 

Mill Valley 285 306 320 325 336 

Napa 1,054 1,088 1,110 1,168 1,218 

Novato 433 450 466 477 572 

Petaluma 665 697 712 723 761 

Rohnert Park 159 197 214 

San Anselmo 295 301 301 302 311 

San Rafael 1,520 1,545 1,573 1,615 1,669 

Santa Rosa 1,908 1,933 1,926 1,956 2,069 

Ukiah 415 438 447 477 531 

Vallejo 1,419 1,390 1,395 1,414 1,430 

Sacramento 

Davis 383 387 380 382 433 

Fairfield 611 661 697 723 780 

Sacramento 5,585 5,642 5,666 5,743 5,864 
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TABLE C-3 

Average Number of Commercial Gas Customers - Communities of 10,000 
Population or More - Pacific Gas and Electric Company (Continued) 

Year 1975 1976 1977 1978 1979 

Connnunity 

Sacramento (cont. ) 

Vacaville 404 419 434 457 500 

Woodland 594 608 611 655 713 

San Francisco 

Daly City 690 676 676 673 669 

Millbrae 303 300 301 304 303 

Pacifica 279 306 299 289 305 

San Bruno 573 587 592 594 598 

San Francisco 16,739 17,415 16,971 17,014 17,026 

South San Francisco 1,121 1,141 1,161 1,183 1,222 

San Joaquin 

Atwater 239 237 234 248 263 

Bakersfield 2,790 2,824 2,844 2,972 3,068 

Clovis 376 415 447 504 595 

Fresno 5,082 5,291 5,443 5,612 5,944 

Los Banos 308 313 309 314 317 

Madera 514 518 509 499 563 

Merced 921 939 948 954 1,001 

Ridgecrest 302 321 318 334 357 

Sanger 279 289 285 280 290 

San Jose 

Belmont 394 408 405 413 422 

Burlingame 992 1,004 1,001 1,017 1,029 

Campbell 971 1,032 1,074 1,099 1,166 

Cupertino 405 419 442 469 518 

Foster City III 116 130 149 184 

Gilroy 491 489 495 511 569 

Los Altos 550 565 S68t 571 -585 

Los Gatos 660 675 681 710 748 

Menlo Park 704 718 712 728 734 

Milpitas 307 308 312 326 367 
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TABLE C-3 

Avercge Number of Commercial Gas Customers - Communities of 10,000 
Population or More - Pacific Gas and Electric Company (Continued) 

Year 

Community 

San Jose (cont.) 

Mountain View 

Morgan Hill 

Redwood City 

San Carlos 

San Jose 

San Mateo 

Santa Clara 

Santa Cruz 

Saratoga 

Sunnyvale 

Watsonville 

Shasta 

Redding 

Stockton 

Ceres 

Lodi 

Manteca 

Modesto 

Stockton 

Tracy 

Turlock 

Customers in 
Conununities of 
10,000 Popula­
tion and Over 

Customers ln Commu­
nities of Less 
Than 10,000 
Population 

Total 

1975 

1,660 

1,309 

909 

7,476 

1,728 

2,108 

1,227 

324 

1,631 

674 

799 

937 

415 

1,842 

2,868 

394 

633 

112,066 

41,939 

154,005 

1976 

1,688 

1,328 

918 

7,723 

1,769 

2,165 

1,265 

340 

1,713 

697 

854 

941 

426 

1,885 

2,939 

422 

631 

133,292 

24,638 

157,930 

1977 

1,727 

257 

1,324 

925 

7,963 

1,767 

2,303 

1,280 

346 

1,789 

716 

864 

244 

941 

448 

1,938 

2,999 

415 

627 

116,371 

43,030 

159,401 

1978 

1,817 

268 

1,345 

948 

8,190 

1,798 

2,434 

1,301 

354 

1,875 

728 

1,091 

246 

966 

490 

2,035 

3,116 

417 

654 

119,544 

43,573 

163,117 

1979 

1,900 

354 

1,349 

955 

8,576 

1,808 

2,598 

1,308 

371 

2,082 

740 

1,284 

259 

1,001 

517 

2,197 

3,270 

442 

711 

124,303 

44,794 

169,097 

Source: Annual Reports to the California Public Utilities Commission, 1975-1979, 
Pacific Gas and Electric Company. 

t See Table C-2 
tt data not indicated (community with less than 10,000 population at that time) 
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Year 

Community 

Coast Valleys 

Monterey 

Pacific Grove 

Salinas 

Seaside 

Colgate 

Yuba City 

De SabIa 

Chico 

Drum 

Roseville 

East Bay 

Alameda 

Albany 

Antioch 

Berkeley 

Concord 

El Cerrito 

Fremont 

Hayward 

Lafayette 

Livermore 

Martinez 

Moraga 

Newark 

Oakland 

TABLE C-4 

Average Number of Industrial Gas Customers - Communities of 10,000 
Population or More - Pacific Gas and Electric Company 

1975 1976 1977 1978 

12 11 9 9 

3 3 3 3 

20 19 15 15 

1 It 1 1 

8 9 9 8 

12 12 11 11 

12 11 8 8 

20 18 18 17 

5 5t 5 5 

9 9 7 5 

72 69 54 19 

8 8 9 9 

1 1 1 1 

25 24 20 20 

49 48 44 45 

0 ° ° ° 
6 6 4 4 

8 8 8 8 

° ° 
1 1 

28 25t 23 22 

225 204 181 175 

173 

1979 

9 

3 

16 

1 

8 

11 

7 

17 

5 

5 

19 

9 

1 

21 

45 

° 
3 

8 

1 

22 
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TABLE C-4 

Average Number of Industrial Gas Customers - Communities of 10,000 
Population or More - Pacific Gas and Electric Company (Continued) 

Year 1975 1976 1977 1978 1979 

Community 

East Bay (cont.) 

Piedmont 0 b 0 0 0 

Pinhole 0 0 0 0 0 

Pittsburg 9 9 8 8 8 

Pleasant Hill 0 0 0 0 0 

Pleasanton 8 6 5 5 5 

Richmond 76 74 67 65 64 

San Leandro 94 90 80 80 76 

San Pablo 3 3 3 3 3 

Union City 38 38 35 34 33 

\-la1nut Creek 3 3 2 2 2 

Humboldt 

Arcata 8 5 2 2 2 

Eureka 21 18 15 15 13 

North Bay 

Benicia 0 0 4 4 4 

Larkspur 5 4 3 3 3 

Mill Valley ° 0 ° 0 0 

Napa 9 8 5 5 5 

Novato 1 0 ,0 0 0 

Petaluma 15 15 14 14 13 

Rohnert Par:k 0 0 0 0 0 

San Anselmo 0 ° 0 0 0 

San Rafael 10 11 11 10 10 

Santa Rosa 11 11 10 10 10 

Ukiah 2 2 2 2 2 

Vallejo 12 11 6 6 6 

Sacramento 

Davis 3 3 3 3 3 

Fairfield 3 4 2 2 2 

Sacramento 104 95 83 83 82 
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TABLE C-4 

Average Number of Industrial Gas Customers - Communities of 10,000 
Population or More - Pacific Gas and Electric Company (Continued) 

Year 1975 1976 1977 1978 1979 

Community 

Sacramento (cont.) 

Vacaville 5 5 4 4 3 

Woodland 9 9 7 7 7 

San Francisco 

Daly City 8 7 7 6 6 

Millbrae 1 1 0 0 0 

Pacifica 3 2 1 1 1 

San Bruno 5 5 3 3 3 

San Francisco 301 238 200 191 183 

South San Francisco 78 73 64 62 60 

San Joaquin 

Attvater 1 1 1 1 1 

Ba.kersfield 35 33 31 31 31 

Clovis 1 1 1 1 1 

Fresno 102 93 83 83 82 

Los Banos 6 6 5 3 2 

Madera 6 7 5 5 5 

Merced 12 12 10 10 10 

Ridgecrest 1 1 1 1 1 

Sanger 11 11 10 10 10 

San Jose 

Belmont 1 1 1 1 0 

Burlingame 6 6 6 6 2 

Campbell 3 3 3 2 2 

Cupertino 8 9 10 12 12 

Foster City 0 0 0 0 0 

Gilroy 8 8 7 8 8 

Los Altos 1 1 It 1 ·1 

Los Gatos 5 5 4 4 4 

Menlo Park 10 9 9 9 8 

Milpitas 22 21 19 18 19 
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TABLE C-4 

Average Number of Industrial Gas Customers - Communities of 10,000 
Population or More - Pacific Gas and Electric Company (Continued) 

Year 

Community 

San Jose (cont.) 

Mountain View 

Morgan Hill 

Redwood City 

San Carlos 

San Jose 

San Mateo 

Santa Clara 

Santa Cruz 

Saratoga 

Sunnyvale 

Watsonville 

Shasta 

Redding 

Stockton 

Ceres 

Lodi 

Mante.ca 

Modesto 

Stockton 

Tracy 

Turlock 

Customers in 
Communities of 
10,000 Popula­
tion and Over 

Customers in Commu­
nities of Less 
Than 10,000 
Population 

Total 

1975 

38 

o 
29 

18 

140 

15 

46 

23 

2 

·39 

19 

13 

o 
21 

3 

37 

62 

7 

23 

2,147 

1,416 

3,563 

1976 

38 

o 
27 

18 

135 

13 

44 

22 

2 

39 

18 

12 

o 
21 

3 

35 

59 

6 

24 

2,408 

940 

3,348 

1977 

38 

4 

25 

17 

130 

11 

41 

19 

2 

33 

17 

7 

1 

21 

3 

33 

58 

5 

22 

1,775 

1,162 

2,937 

1978 

38 

3 

22 

17 

134 

10 

37 

19 

2 

31 

17 

12 

1 

21 

3 

33 

58 

5 

20 

1,705 

1,148 

2,853 

Source: Annual Reports to the California Public Utilities Commission, 1975-1979, 
Pacific Gas and Electric Company. 

17(:, 

1979 

36 

3 

21 

16 

136 

9 

36 

19 

2 

30 

17 

13 

1 

20 

3 

31 

58 

5 

19 

1,667 

1,126 

2,793 



Year 

Community 

Coast Valleys 

Monterey 

Pacific Grove 

Salinas 

Seaside 

Colgate 

Yuba City 

De SabIa 

Chico 

Drum 

Roseville 

East Bay 

Alameda 

Albany 

Antioch 

Berkeley 

Concord 

E1 Cerrito 

Fremont 

Hayward 

Lafayette 

Livermore 

Martinez 

Moraga 

Newark 

Oakland 

TABLE C-5 

Total Residential, Commercial, and Industrial Gas Sales (MCF) 
Communities of 10,000 Population or More 

Pacific Gas and Electric Company 

1975 1976 1977 1978 

1,877,721 1,702,422 1,502,737 1,546,457 

833,733 752,351 665,553 659,489 

3,655,150 3,366,499 3,175,063 2,992,291 

1,003,854 921,335 836,335 797,061 

965,774 981,723 979,611 1,020,505 

1,396,994 1,243,349 1,173,591 1,172,709 

1,333,668 1,197,468 1,096,588 1,119,684 

3,869,983 8,539,378 3,016,016 3,240,332 

916,673 783,969 740,174 724,132 

1,803,985 1,540,515 1,208,426 1,164,128 

8,081,846 7,096,082 6,371,396 6,263,691 

3,889,735 3,630,623 3,224,044 3,182,167 

1,118,488 967,266 860,443 844,402 

6,367,067 6,640,732 6,369,574 6,360,047 

6,411,453 5,834,443 5,441,285 5,085,216 

1,200,410 1,087,509 884,165 923,342 

2,015,434 1,932,895 1,767,623 1,738,383 

1,253,438 1,196,100 1,064,888 1,092,961 

--t 627,179 651,437 

3,265,622 3,512,503 3,371,592 3,433,326 

24,669,933 22,976,464 21,198,287 20,626,399 

177 

1979 

1,611,966 

682,675 

3,051,111 

816,355 

1,074,526 

1,219,075 

1,192,4.69 

3,373,209 

746,765 

1,310,911 

6,774,647 

3,474,423 

896,743 

6,385,544 

5,314,905 

966,592 

1,855,264 

1,156,164 

675,885 

3,597,987 

20,560,562 



TABLE C-5 

Total Residential, Commercial, and Industrial Gas Sales (MCF) 
Communities of 10,000 Population or More 

Pacific Gas and Electric Company (Continued) 

Year 1975 1976 1977 1978 1919 

Community 

East Bay (cont.) 

Piedmont 689,097 603,652 517,789 525,085 541,126 

Pinhole 660,494 577,306 486,309 474,587 500,696 

Pittsburg 1,580,584 1,504,286 1,393,551 1,181,382 1,265,576 

Pleasant Hill 1,100,694 1,002,124 855,757 833:;715 958,614 

Pleasanton 1,608,356 1,532,728 1,342,160 1,320,816 1,405,069 

Richmond .37,779,623 39,288,828 38,157,081 33,725,841 37,749,652 

San Leandro 6,432,310 6,142,142 5,371,415 5,129,881 5,308,937 

San Pablo 920,150 852,023 789,955 762,108 818,421 

Union City 3,780,590 3,862,223 3,847,246 3,359,126 1,825,373 

Walnut Creek 2,510,115 2,323,741 1,977,903 2,045,057 2,230,412 

Humboldt 

Arcata 669,559 684,280 611,187 611,893 640,147 

Eureka 1,753,302 1,689,825 1,488,633 1,392,447 1,335,709 

North Bay 

Benicia 6,968,118 6,241,088 8,691,701 

Larkspur 636,197 547,419 455,417 471,369 495,107 

Mill Valley 721,607 636,107 553,225 554,845 594,768 

Napa 2,293,803 2,144,129 1,944,668 1,854,164 2,011,234 

Novato 1,781,294 1,647,691 1,440,789 1,427,362 1,574,491 

Petaluma 1,754,898 1,608,681 1,446,915 1,397,985 1,552,879 

Rohnert Park 546,918 581,688 675,710 

San Anselmo 647,176 578,999 489,621 485,137 527,377 

San Rafael 2,638,724 2,394,386 2,011,923 2,004,087 2,177,882 

Santa Rosa 3,643,899 3,435,754 3,162,562 3,191,788 3,466,752 

Ukiah 379,809 373,551 363,863 367,414 409,608 

Vallejo 4,828,587 4,296,100 3,721,535 3,590,773 3,824,548 

Sacramento 

Davis 1,890,382 1,563,556 1,467,487 1,373,552 1,741,012 

Fairfield 2,515,316 2,434,110 2,866,868 2,759,021 3,147,235 

Sacramento 17,797,055 15,643,733 14,281,043 13,727,446 14,675,218 
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TAB1E C-5 

Total Residential, COlnmercia1, and Industrial Gas Sales (MCF) 
Corrnnuni t.i es of 10,000 Population or More 

Pacific Gas and E1ectr~c Company (Continued) 

Year 1975 1976 1977 1978 1979 

Cmmnunity 

Sacramento (cont.) 

Vacaville 2,010,436 1,663,972 1,813,798 1,644,492 1,855,923 

Woodland 2,11'3,720 1,733,024 1,564,876 1,481,938 1,686,809 

San Francisco 

Daly City 3,340,203 2,941,924 2,724,055 2,568,475 2,659,802 

Millbrae 1,041,351 965,827 847,290 816,937 846,997 

Pacifica 1,520,756 1,432,371 1,267,778 1,189,224 1,222,686 

San Bruno 1,538,000 1,408,365 1,273,442 1,197,805 1,256,700 

San Francisco 43,373,592 39,401,383 36,050,171 34,172,294 34,949,780 

South San Francisco 4,435,984 4,113,417 3,871,814 3,511,151 3,687,949 

San Joaquin 

Atwater 838,152 702,575 690,103 657,298 645,048 

Bakersfield 4,106,024 3,706,383 3,589,258 3,456,051 3,755,702 

Clovis 769,461 766,624 782,166 792,844 901,363 

Fresno 9,470,263 9,094,627 8,538,188 8,311,411 8,746,587 

Los Banos 625,509 619,310 599,945 540,861 543,387 

Madera 752,412 712,931 673,759 652,027 715,232 

Merced 1,988,054 1,663,913 1,739,652 1,556,981 1,775,263 

Ridgecrest 892,707 799,415 750,341 668,690 775,121 

Sanger 508,364 487,210 462,342 419,229 460,342 

San Jose 

Belmont 1,151,063 1,057,767 939,031 913,834 979,115 

Burlingame 1,879,993 1,744,457 1,535,851 1,439,529 1,531,932 

Campbell 1,203,173 1,135,268 997,953 981,730 1,059,984 

Cupertino 1,288,263 1,231,831 1,165,809 1,203,947 1,397,050 

Foster City 822,187 780,809 692,296 706,754 782,274 

Gilroy 2,431,266 1,866,065 1,963,178 1,952,207 2,226,136 

10s Altos 1,473,978 1,385,311 1,390,082t 1,199,359 1,199,693 

Los Gatos 1,344,856 1,311,744 1,180,082 1,213,727 1,250,052 

Menlo Park 2,031,234 1,905,437 1,615,186 1,577,077 1,603,887 

Milpitas 1,884,370 1,817,967 1,763,434 1,718,793 1,933,144 
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TABLE C-5 

Total Residential, Commercial, and Industrial Gas Sales (MCF) 
Communities of 10,000 Population or More 

Year 

Community 

San Jose (cont.) 

Mountain View 

Morgan Hill 

Redwood City 

San Carlos 

San Jose 

San Mateo 

Santa Clara 

Santa Cruz 

Saratoga 

Sunnyvale 

Watsonville 

Shasta 

Redding 

Stockton 

Ceres 

Lodi 

Manteca 

Modesto 

Stockton 

Tracy 

Turlock 

Total Sales in 
Communities of 
10,000 Popula­
tion and Over 

Sales in Communi­
ties of Les~, 
Than 10,000 
Population 

Pacific Gas and Electric Company (Continued) 

1975 

3,253,993 

3,075,480 

1,486,902 

28,807,313 

4,013,489 

7,388,178 

2,326,062 

1,705,397 

7,070,918 

1,106,149 

739,644 

2,263,772 

687,505 

5,481,992 

10,140,602 

1,661,645 

1,264,154 

354,<n5,928 

306,435,048 

1976 

3,088,847 

2j935~215 

1,393,617 

26,942,260 

3,762,436 

7,468,244 

2,106,514 

1,664,581 

6,412,670 

1,093,686 

661,856 

1,928,928 

653,325 

5,140,000 

9,383,709 

1,598,753 

1,052,911 

333,006,041 

269,114,358 

180 

1977 

2,778,691 

433,545 

2,609,250 

1,215,296 

25,745,168 

3,287,607 

7,214,952 

1,877,738 

1,414,374 

5,984,184 

1,120,089 

653,788 

383,537 

1,978,887 

661,578 

5,281,631 

8,370,091 

1,627,626 

1,034,665 

317,498,993 

232,492,042 

1978 

2,737,996 

465,214 

2,527,263 

1,153,331 

24,887,438 

3,134,361 

7,246,007 

1,844,627 

1,399,227 

5,897,853 

1,073,951 

874,899 

384,216 

1,840,563 

708,207 

5,228,792 

7,.493,400 

1,683,575 

1,113,997 

304,267,398 

198,811,299 

1979 

2,865,935 

529,074 

2,664,320 

1,251,155 

26,208,402 

3,329,022 

7,842,281 

1,918,862 

1,397,975 

6,141,255 

1,087,247 

1,209,403 

416,545 

2,071,888 

779,622 

5,680,889 

8,971,866 

1,789,874 

1,214,500 

325,120,401 

238,959,927 



TABLE C-5 

Total Residential, Commercial, and Industrial Gas Sales (MCF) 
Communities of 10,000 Population or More 

Pacific Gas and Electric Company (Continued) 

Year 1975 1976 1977 1978 

Other Sales to 
Public Authorities 6,447 3,056 1,683 1,339 

Sales for Resale 9,458,672 8,715,861 7,810,276 9,926,108 

Interdepartmental 
Sales 159,223,561 195,063,458 217,368,151 125,768,565 

Total 829,999,656 805,902,774 775,171,145 638,774,709 

1979 

1,356 

36,013,469 

216,147,045 

816,242,198 

Source: Annual Reports to the California Public Utilities Commission, 1975-1979, 
Pacific Gas and Electric Company. 

t See Table C-3 
tt See Table C-2 
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TABLE C-6 

Total Residential Gas Sales CMCF) - Communities of 10,000 Population or More 
Pacific Gas and Electric Company 

Year 1975 1976 1977 1978 1979 

Community 

Coast Valleys 

Monterey 869,015 840,933 795,610 797,806 823,245 

Pacific Grove 626,673 582,432 523,835 526,698 545,668 

Salinas 2,157,332 2,028,124 1,915,264 1,815,034 1,861,519 

Seaside 700,579 684,080 692,595 667,698 674,521 

Colgate 

Yuba City 553,569 510,970 478,916 498,731 562,436 

De SabIa 

Chico 763,992 680,163 . 652,586 662,895 682,021 

Drum 

Roseville 778,268 682,128 637,052 658,093 714,503 

East Bay 

Alameda 2,139,111 1,924,907 1,691,719 1,634,630 1,748,534 

Albany 479,356 469,035 430,336 407,733 432,689 

. Antioch 1,093,148 989,945 905,287 962,414 1,075,233 

Berkeley 3,890,451 3,416,774 3,073,915 2,966,999 3,139,785 

Concord 3,137,965 2,960,868 2,615,114 2,607,092 2,832,474 

E1 Cerrito 960,094 826,827 736,244 733,550 768,599 

Fremont 3,907,581 3,672,330 3,221,078 3,198,767 3,411,058 

Hayward 2,865,249 2,773,671 2,474,486 2,435,219 2,570,195 

Lafayette 1,079,792 972,254 782,289 827,391 862,246 

Livermore 1,694,658 1,580,801 1,403,516 1,356,636 1,438,202 

Martinez 680,858 623,427 570,377 584,446 655,058 

Moraga --tt 516,811 546,203 571,066 

Newark 905,260 859,813 757,160 732,533 777,332 

Oakland 12,214,946 11,009,179 10,245,149 9,920,488 10,567,025 
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TABLE C-6 

Total Residential Gas Sales (MCF) - Communities of 10,000 Population or More 
Pacific Gas and Electric Company (Con.tinued) 

Year 1975 1976 1977 1978 1979 

Community 

East Bay (cant.) 

Piedmont 664,901 582,156 499,219 505,645 522,121 

Pinhole 584,500 514,713 431,091 422,662 446,883 

Pittsburg 852,725 796,673 749,397 760,778 842,130 

Pleasant Hill 871,185 788,272 664,258 656,726 721,599 

Pleasanton 1,204,412 1,167,978 1,051,496 1,034,885 1,079,611 

Richmond 2,239,908 2,394,774 2,213,632 2,128,694 2,279,539 

San Leandro 2,137,116 2,012,360 1,758,923 1,697,389 1,810,176 

San Pablo 594,407 539,587 532,279 515,315 545,571 

Union City 924,764 947,526 885,450 845,953 935,110 

Walnut Creek 1,868,032 1,728,199 1,451,322 1,509,420 1,658,778 

Humboldt 

Arcata 348,414 347,827 312,570 301,987 317,660 

Eureka 1,040,022 978,177 858,231 821,016 835,895 

North Bay 

Benicia 361,226 366,847 425,006 

Larkspur 451,516 424,057 362,739 379,782 396,620 

Mill Valley 625,768 539,353 466,094 467,779 501,216 

Napa 1,677,803 1,568,430 1,424,567 1,385,821 1,522,013 

Novato 1,279,345 1,288,921 1,147,650 1,145,392 1,252,352 

Petaluma 1,184" ,837 1,101,651 976,989 949,145 1,049,115 

Rohnert Park 475,756 512,744 589,954 

San Anselmo 554,921 489,363 412,265 412,179 449,332 

San Rafael 1,952,415 1,745,383 1,433,583 1,466,119 1,575,828 

Santa Rosa 2,544,234 2,461,734 2,281,636 2,320,576 2,529,231 

Ukiah 245,764 241,228 233,327 236,893 261,776 

Vallejo 2,276,122 2,115,647 1,976,475 1,887,515 2,143,014 

Sacramento 

Davis 1,017,941 934,608 870,328 869,833 929,105 

Fairfield 1,306,828 1,256,033 1,269,744 1,262,660 1,407,056 

Sacramento 10,484,470 9,185,083 8,411,887 8,070,455 8,666,892 
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TABLE C-6 

Total Residential Gas Sa.les CMCF) - Communities of 10,000 Population or More 
Pacific Gas and Electric Company (Continued) 

Year 

Community 

Sacramento (cont.) 

Vacaville 

~~oodland 

San Francisco 

1975 

931,703 

951,786 

Daly City 2,722,094 

Millbra.e 864,317 

Pacifica 1,394,441 

San Bruno 1,295,462 

San Francisco 25,369,811 

South San Francisco 1,630,653 

San Joaquin 

Atwater 

Bakersfield 

Clovis 

Fresno 

Los Banos 

Madera 

Merced 

Ridgecrest 

Sanger 

San Jose 

Belmont 

Burlingame 

Campbell 

Cupertino 

Foster City 

Gilroy 

Los Altos 

Los Gatos 

Menlo Park 

Hi1pitas 

326,179 

2,504,914 

624,194 

5,859,503 

289,846 

547,578 

949,117 

335,777 
277,036 

946,193 

1,164,578 

840,288 

865,120 

760,501 

441,289 

1,274,907 

965,928 

1,145,507 

965,493 

1976 

921,945 

853,670 

2,437,040 

799,388 

1,269,338 

1,184,002 

22,955,461 

1,499,912 

305,922 

2,302,950 

653,898 

5,483,399 

270,159 

513,224 

885,722 

281,952 
262,503 

874,747 

1,075,634 

800,860 

812,687 

728,938 

430,826 

1,194,131 

932,450 

1,080,680 

934,851 

1977 

921,198 

797,249 

2,241,245 

692,931 

1,127,636 

1,057,249 

21,504,945 

1,350,052 

370,829 

2,295,435 

664,766 

5,263,631 

250,890 

488,127 

850,599 

282,850 
246,597 

775,625 

933,876 

702,752 

731,187 

644,332 

433,608 

1,113,660t 

838,888 

932,235 

798,132 

1978 

984,500 

785,214 

2,124,042 

673,155 

1,075,577 

1,001,764 

20,481,213 

1,284,290 

369,617 

2,277,852 

672,836 

5,160,075 

243,255 

476,645 

829,667 

294,158 
232,268 

772,957 

897,354 

693,726 

726,081 

660,750 

432,124 

1,033,190 

872,344 

919,820 

785,280 

1979 

1,101,254 

839,853 

2,189,948 

701,509 

1,100,742 

1,049,695 

21,337,976 

1,346,685' 

388,047 

2,440,822 

754,886 

5,439,752 

252,148 

517,574 

880,058 

337,048 
256,500 

834,182 

945,835 

739,657 

865,854 

725,218 

474,617 

1,031,288 

896,707 

956,357 

903,247 



TABLE C-6 

Total Residential Gas Sales (MCF) - Communities of 10,000 Population or More 
Pacific Gas and Electric Company (Continued) 

Year 

Connnunity 

San Jose (cont.) 

Mountain View 

Morgan Hill 

Redwood City 

San Carlos 

San Jose 

San Mateo 

Santa Clara 

Santa Cruz 

Saratoga 

Sunnyvale 

Hatsonvil1e 

Shasta 

Redding 

Stockton 

Ceres 

Lodi 

Manteca 
Modesto 

Stockton 

Tracy 

Turlock 

Total Sales in 
Conununities of 
10,000 Popula­
tion and Over 

Sales in Communi­
ties of Less 
Than 10,000 
Population 

Total 

1975 

1,818,780 

1,855,800 

1,071,892 

18,082,088 

2,964,846 

2,642,167 

1,246,024 

1,487,346 

3,477,768 

473,266 

277,479 

1,136,378 

535,253 

2,938,952 

3,826,435 

488,430 

553,167 

181,936,348 

80,426,464 

262,362,812 

1976 

1,793,185 

1,763,346 

990,452 

17,296,897 

2,746,856 

2,487,194 

1,121,192 

1,419,818 

3,381,453 

458,089 

233,935 

1,019,757 

509,091 

2,782,117 

3,480,984 

438,835 

525,610 

169,163,622 

74,094,258 

243,257,880 

1977 

1,592,456 

330,610 

1,526,452 

848,075 

16,107,682 

2,401,025 

2,187,779 

994,168 

1,212,817 

3,085,050 

444,009 

233,396 

288,716 

979,966 

507,381 

2,750,027 

3,421,042 

419,955 

514,877 

155,924,710 

1978 

1,583,405 

370,877 

1,499,345 

824,824 

15,679,755 

2,328,236 

2,156,501 

1,005,762 

1,209,108 

3,018,703 

448,604 

391,695 

297,837 

966,244 

545,383 

2,761,110 

3;530,681 

411,883 

543,625 

153,808,598 

67,806,827 66,267,823 

233,731,537 220,076,421 

1979 

1,682,799 

410,844 

1,584,665 

887,614 

16,298,261 

2,494,957 

2,324,099 

1,061,224 

1,200,158 

3,116,413 

471,708 

653,724 

324,118 

1,038,718 

605,905 

2,987,979 

3,874;219 

445,499 

611,629 

164,149,998 

70,144,714 

234,294,712 

Source: Annual Reports to the California Public Utilities Commission, 1975-1979, 
Pacific Gas and Electric Company. 

t See Table {]-2 185 
tt See Table C-3 



Year 

Community 

Coast Valleys 

Monterey 

Pacific Grove 

Salinas 

Seaside 

Colgate 

Yuba City 

De SabIa -----

Chico 

Drum 

Roseville 

East Bay 

Alameda 

Albany 

Antioch 

Berkeley 

Concord 

El Cerrito 

Fremont 

Hayward 

Lafayette 

Livennore 

Martinez 

Moraga 

Newark 

Oakland 

TABLE C-7 

Total Commercial Gas Sales (MCF) - Communities of 10,000 Population 
or More - Pacific Gas and Electric Company 

1975 1976 1977 1978 1979 

725,093 608,906 507,310 508,617 549,736 

196,138 158,445 130,429 123,005 129,118 

995,535 899,140 927,824 864,641 899,595 

300,099 233,851 140,397 126,095 138,742 

222,403 189,503 171,428 182,435 204,659 

462,481 410,243 391,815 387,868 408,897 

220,434 205,786 253,902 266,315 286,145 

503,549 472,678 426,556 408,297 438,808 

186,535 121,322 152,341 160,117 156,199 

202,917 183,875 183,675 179,453 205,392 

1,231,508 1,163,789 1,149,592 1,267,498 1,387,022 

698,318 578,116 520,657 497,199 563,140 

155,891 137,988 122,121 109,237 126,116 

656,150 643,658 1,833,520 2,232,282 2,110,599 

1,202,075 1,075,203 1,350,338 1,200,090 1,282,788 

120,618 115,255 101,876 95,951 104,346 

217,112 205,138 231,905 217,319 244,649 

222,155 203,618 197,286 174,283 187,573 

-- t 54,076 48,438 50,060 

120,821 128,955 1,156,361 1,084,094 1,131,966 

4,152,076 3,875,599 5,636,380 4,438,228 4,513,713 
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TABLE C-7 

Total Commercial Gas Sales (MCF) - Communities of 10,000 Population 
or More - Pacific Gas and Electric Company (Continued) 

Year 

Community 

East Bay (cont.) 

Piedmont 

Pinhole 

Pittsburg 

Pleasant Hill 

Pleasanton 

Richmond 

San Leandro 

San Pablo 

Union City 

Walnut Creek 

Humboldt 

Arcata 

Eureka 

North Bay 

Benicia 

Larkspur 

Mill Valley 

Napa 

Novato 

Petaluma 

Rohnert Park 

San Anselmo 

San Rafael 

Santa Rosa 

Ukiah 

Vallejo 

Sacramento 

Davis 

Fairfield 

Sacramento 

1975 

24,196 

75,994 

224,925 

229,509 

194,154 

670,657 

906,860 

258,264 

148,737 

548,079 

254,811 

490,923 

103,233 

95,839 

442,076 

499,517 

301,768 

92,255 

575,646 

882,493 

124,249 

725,729 

246,813 

1,037,248 

3,285,563 

1976 

21,496 

62,593 

191,089 

213,852 

180,343 

617,815 

802,506 

243,197 

140,482 

512,682 

286,087 

497,228 

83,724 

96,754 

388,825 

358,359 

270,071 

89,636 

538,658 

749,054 

127,208 

657,772 

189,539 

903,367 

2,787,686 

187 

1977 

18,570 

55,218 

206,064 

191,499 

218,428 

30,850,461 

1,101,693 

189,638 

180,907 

451,890 

294,860 

485,950 

4,681,235 

57,566 

87,131 

398,695 

293,139 

239,204 

71,162 

77,356 

484,178 

691,086 

126,130 

644,762 

159,670 

819,964 

3,059,851 

1978 

19,440 

51,925 

220,724 

176,989 

183,810 

29,743,789 

1,032,320 

170,741 

194,468 

456,867 

306,967 

451,244 

5,239,132 

56,883 

87,066 

361,691 

281,970 

220,785 

68,944 

72,958 

454,552 

674,827 

126,975 

620,315 

145,422 

801,896 

2,706,905 

1979 

19,005 

53,813 

237,366 

237,015 

183,427 

22,345,971 

1,103,443 

176,506 

179,863 

489,488 

319,797 

453,568 

7,414,686 

66,632 

93,552 

387,947 

322,139 

252,265 

85,756 

78,045 

512,091 

746,264 

144,395 

663,204 

154,669 

856,771 

2,912,056 



TABLE C-7 

Total Commercial Gas Sales (MCF) - Communities of 10,000 Population 
or More - Pacific Gas and Electric Company (Continued) 

Year 

C01mIlunity 

Sacramento (cont.) 

Vacaville 

Woodland 

San Francisco 

1975 

238,985 

355,938 

Daly City 539,614 

Millbrae 157,696 

Pacifica 105,180 

San Bruno 179,868 

San Francisco 10,245,135 

South San Francisco 731,512 

San Joaquin 

Atwater 

Bakersfield 

Clovis 

Fresno 

Los Banos 

Madera 

Herced 

Ridgecrest 

Sanger 

San Jose 

Belmont 

Burlingame 

Campbell 

Cupertino 

Foster City 

Gilroy 

Los Altos 

Los Gatos 

Menlo Park 

Milpitas 

216,664 

1,199,707 

142,070 

2,097,452 

116,302 

185,820 

419,410 

422,395 

81,790 

183,865 

617,196 

344,916 

285,372 

61,686 

198,683 

196,901 

308,956 

378,254 

234,988 

1976 

175,389 

316,152 

437,901 

151,606 

155,018 

169,425 

9,688,528 

804,739 

186,855 

1,072,653 

109,067 

2,011,785 

100,082 

167,420 

406,961 

380,119 

80,988 

166,174 

574,604 

307,208 

284,776 

51,871 

161,297 

189,237 

306,134 

358,142 

186,374 

188 

1977 

705,690 

293,179 

416,749 

154,359 

136,211 

189,324 

8,892,647 

1,408,751 

90,355 

1,028,108 

113,437 

2,050,016 

274,729 

172,947 

419,647 

373,167 

98,343 

148,751 

515,872 

271,712 

286,575 

47,964 

1,150,644 

274,729 

265,910 

329,458 

542,014 

1978 

502,864 

353,017 

383,098 

143,782 

109,760 

172,325 

8,370,113 

1,417,045 

73,834 

936,678 

115,670 

1,997,497 

253,447 

163,225 

403,575 

346,455 

93,211 

130,904 

457,393 

268,381 

290,885 

46,004 

1,139,327 

164,135 

270,624 

300,547 

725,399 

1979 

585,617 

397,267 

403,210 

145,488 

117,896 

172,233 

8,529,606 

1,469,596 

75,219 

1,043,138 

141,986 

2,117,089 

202,526 

179,451 

468,404 

326,948 

104,006 

144,933 

506,741 

301,845 

324,834 

57,056 

1,259,816 

166;542 

288,813 

327,248 

802,304 



TABLE C-7 

Total Commercial Gas Sales (MCF) - Communities of 10,000 Population 
or More - Pacific Gas and Electric (Continued) 

Year 

Comrnunit-y 

San Jos~ (cont.) 

Mountain View 

Morgan Hill 

Redwood City 

San Carlos 

San Jose 

San Hateo 

Santa Clara 

Santa Cruz 

Saratoga 

Sunnyvale 

Watsonville 

Shasta 

Redding 

Stockton 

Ceres 

Ma.nteca 

Modesto 

Stockton 

Tracy 

Turlock 

Total Sales in 
COIThllunities of 
10,000 Popula­
tion and Over 

Sales in Communi­
ties of Less 
Than 10,000 
Population 

Total 

1975 

739,153 

616,008 

236,538 

4,022,086 

777,294 

1,161,076 

516,166 

180,132 

1,250,392 

235,511 

350,138 

364,540 

137,086 

907,538 

1,634,999 

145,464 

267,734 

59,237,512 

23,911,228 

83,148,740 

1976 

663,867 

560,377 

228,959 

3,412,825 

753,954 

1,106,621 

477,970 

209,400 

1,064,827 

245,323 

332,757 

316,836 

123,654 

855,492 

1,476,281 

165,720 

246,181 

54,101,832 

20,499,556 

74,601,388 

1977 

597,911 

84,071 

493,067 

212,786 

3,515,566 

693,647 

2,228,929 

435,348 

164,561 

1,451,337 

252,047 

354,573 

83,690 

421,820 

132,451 

1,041,505 

1,440,761 

182,442 

312,165 

96,526,061 

67,204,285 

163,730,346 

1978 

596,972 

86,675 

464,420 

183,177 

3,337,699 

638,407 

2,120,901 

442,449 

156,964 

1,443,682 

243,166 

384,135 

79,297 

350,463 

130,638 

1,127,016 

1,472,378 

187,863 

264,259 

92,840,823 

51,186,262 

144,027,085 

1979 

654,421 

106,819 

508,477 

215,939 

3,522,211 

662,486 

2,444,283 

487,037 

162,538 

1,559,127 

234,651 

448,523 

83,053 

367,407 

135,239 

1,224,623 

1,567,339 

200,457 

256,648 

91,157,216 

52,463,463 

143,620,679 

Source: Annual Reports to the California Public Utilities Commission, 1975-1979, 
Pacific Gas and Electric Company. 

t: See Table C-3 189 



Year 

Community 

Coast Valleys 

Monterey 

Pacific Grove 

Salinas 

Seaside 

Colgate 

Yuba City 

De SabIa 

Chico 

Drum 

. Roseville 

E~st Bay 

A1araeda 

Albany 

Antioch 

Berkeley 

Concord 

E1 Ce-!Tito 

Fremont 

Hayward 

Lafayette 

Livermore 

Martine::: 

Moraga 

Newark 

Oakland 

TABLE C-8 

Total Industrial Gas Sales CMCF) - Communities of 10,000 Population 
or More - Pacific Gas and Electric Company 

1975 1976 1977 1978 1979 

283,613 252,583 199,817 240,034 238,985 

10,922 11,474 11,289 9,786 7,889 

502,283 439,235 331,975 312,616 289,997 

3,176 3,404 3,343 3,268 3,092 

189,802 281,250 329,267 339,339 307,431 

170,521 152,943 129,190 121,946 128,157 

334,966 309,554 205,634 195,276 191,821 

1,227,323 1,141,793 897,786 1,197,405 1,185,867 

250,782 193,612 157,497 156,282 157,877 

507,920 366,695 119,464 22,261 30,286 

2,959,887 2,515,519 2,147,889 2,029,194 2,247,840 

53,452 91,639 88,273 77,876 78,809 

2,503 2,451 2,078 1,615 2,028 

1,803,336 2,324,744 1,314,976 928,998 863,887 

2,344,129 1,985,569 1,616,461 1,449,907 1,461,922 

° ° ° 0 ° 
103,664 146,956 132,202 164,428 172,413 

350,425 369,055 297,225 334,232 313,533 

° 0 56,292 56,796 54,759 

2,239,541 2,523,735 1,458,071 1,616,699 1,688,689 

8,302,911 8,091,686 5,316,758 6,267,683 5,479,824 
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TABLE C-8 

Total Industrial Gas Sales (MCF) - Communities of 10,000 Population 
or More - Pacific Gas and Electric Company (Continued) 

Year 1975 1976 1977 1978 1979 

Community 

East Bay: (cant.) 

Piedmont ° ° 0 ° ° 
Pinhole ° ° ° ° 0 

Pitt:sburg 502,934 516,524 438,090 199,880 186,080 

Pleasant Hill 0 ° ° 0 ° 
Pleasanton 209,790 184,407 72,236 102,121 142,031 

Richmond 34,869,058 36,276,240 5,092,988t 1,853,358 13,124,142 

San Leandro 3,388,334 3,327,276 2,510,799 2,400,172 2,395,318 

San Pablo 67,479- 69,239 68,038 76,052 96,344 

Union City 2,707,089 2,774,215 2,780,889 2,318,705 710,400 

Walnut Creek 94,004 82,860 74,691 78,770 82,146 

Humboldt 

Arcata 66,334 50,366 3,757 2,939 2,690 

Eureka 222,357 214,420 144,452 120,187 46,246 

Nortl"1~ 

Benicia ° ° 1,925,657 635,109 852,009 

Larkspur 81,448 39,638 35,112 34,704 31,855 

Hill Valley ° 0 ° ° ° 
Napa 173,924 186,874 121,406 106,652 101,274 

Novato 2,432 411 ° ° 0 

Petaluma 26-S,293 236,959 230,722 228,055 251,499 

Rohnert Park ° ° ° ° 0 

San Anselmo 0 0 0 0 0 

San Rafael 110,663 110,345 94,162 83,416 89,963 

Santa Rosa 217,172 224,966 189,840 196,385 191,257 

Ukiah 9,796 5,115 4,406 3,546 3,437 

Vallejo 1,826,736 1,522,681 1,100,298 1,082,943 1,018,339 

Sacramento 

Davis 625,628 439,409 437,489 358,297 657,238 

Fairfield 171,240 274,710 777,160 694,465 883,408 

Sacramento 4,027,022 3,670,964 2,809,305 2,950,086 3,096,270 
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TABLE C-8 

Total Industrial Gas Sales (MCF) - Connnunities of 10,000 Population 
or More - Pacific Gas and Electric Company (Continued) 

Year 1975 1976 1977 1978 1979 

Community 

Sacramento (cont. ) 

Vacaville 839,748 566,637 186,910 157,128 169,052 

Woodland 805,996 563,202 474,448 343,707 449,689 

San Francisco 

Daly City 78,495 66,983 66,061 61,335 66,6 lt4 

Millbrae 19,343 14,833 ° ° ° 
Pacifica 21,135 8,015 3,931 3,887 4,048 

San Bruno 62,670 54,938 26,869 23,716 34,772 

San Francisco 7,758,646 6,757,394 5,652,579 5,320,968 5,082,198 

South San Francisco 2,073,819 1,808,766 1,113,011 809,816 871,668 

San Joaquin 

Atwater 295,309 209,798 228,919 213,847 181,782 

Bakersfield 401,403 330,780 265,715 241,521 271,742 

Clovis 3,197 3,659 3,963 4,338 4,491 

Fresno 1,513,308 1,599,443 1,224,541 1,153,839 1,189,746 

Los Banos 219,361 249,069 74,326 44,159 88,713 

Madera 19,014 32,287 12,685 12,157 18,207 

Merced 619,527 371,231 469,406 323,739 426,801 

Ridgecrest 134,535 137,344 94,324 28,077 111,125 

Sanger 149,538 143,719 117,402 93,750 99,836. 

San Jose 

Belmont 21,005 16,846 14,655 9,973 ° 
Burlingame 98,219 94,219 86,103 84,782 79,356 

Campbell 17,969 27,200 23,489 19,623 18,482 

Cupertino 137,771 134,368 148,047 186,981 206,362 

Foster City ° ° ° ° ° 
Gilroy 1,791,294 1,273,942 378,926 380,756 491,703 

Los Altos 2,170 1,943 1,693tt 2,034 1,863 

Los Gatos 69,972 73,160 75,284 70,759 64,532 

Menlo Park 507,473 466,615 353,493 356,710 320,282 

Hi1pitas 683,889 696,742 423,288 208,114 227,593 
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TABLE C-8 

Total Industrial Gas Sales (MCF) - Communities of 10,000 Population 
or More - Pacific Gas and Electric Company (Continued) 

Year 

Community 

San Jose (cont.) 

Mountain View 

Morgan Hill 

Redwood City 

San Carlos 

San Jose 

San Mateo 

Santa Clara 

Santa Cruz 

Saratoga 

Sunnyvale 

Watsonville 

Shasta 

Redding 

Stockton 

Ceres 

Lodi 

Manteca 

Modesto 

Stockton 

Tracy 

Turlock 

Total Sales in 
Communities of 
10,000 Popula­
tion and Over 

Sales in C01Tll1luni­
ties of Less 
Than 10,000 
Population 

Total 

1975 

696,060 

° 
603,672 

178,472 

6,703,139 

271,349 

3,584,935 

563,872 

37,919 

2,342,758 

397,372 

112,027 

° 
762,854 

15,166 

1,635,502 

4,679,168 

1,027,751 

443,253 

113,702,068 

202,097,356 

315,799,424 

1976 

631,795 

° 
611,492 

174,206 

6,232,538 

261,626 

3,874,429 

507,352 

35,363 

1,966,390 

390,274 

95,164 

° 
592,335 

20,580 

1,502,391 

4,426,444 

994,198 

281,120 

109,740,587 

1977 

588,324 

18,864 

589,731 

154,435 

6,121,920 

192,935 

2,798,244 

448,222 

36,996 

1,447,797 

424,033 

65,819 

11,131 

577,101 

21,746 . 

1,490,099 

3,508,288 

1,025,229 

207,623 

65,048,222 

74,520,540 97,480,930 

284,261,131 162,529,152 

1978 

557,619 

7,662 

563,498 

145,330. 

5,869,984 

167,718 

2,968,605 

396,416 

33,155 

1,435,468 

382,181 

99,069 

7,082 

523,856 

32,186 

1,340,666 

2,.490,341 

1,083,829 

306,113 

57,617,977 

81,357,214 

138,975,191 

1979 

528,715 

11;411 

571,178 

147,602 

6,387,930 

171,579 

3,073,899 

370,601 

35,279 

1,465,715 

380,888 

107,156 

9,374 

665,763 

38,478 

1,468,287 

3,530,308 

1,143,918 

346,223 

69,813,186 

116,351,750 

186,164,937 

Source: Annual Reports to the California Public Utilities Commission, 1975-1979, 
Pacific Gas and Electric Company. 

t The sharp decrease in industrial sales from 1976 to 1977 is due to a reclassification 
of industrial establishments into the commercial sector. 
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Community 

Coast Valleys 

Monterey 

Pacific Grove 

Salinas 

Seaside 

Colgate 

Yuba City 

De SabIa 

Chico 

Drum 

Roseville 

East Bay 

Alameda 

Albany 

Antioch 

Berkeley 

Concord 

E1 Cerrito 

Fremont 

Hayward 

Lafayette 

Livermore 

l1artinez 

Moraga 

Newark 

Oakland 

TABLE C-9 

Population, Acreage, Distribution Plant, and Main Mileage 
Pacific Gas and Electric Company 

Total Plant in Service {~2 Miles of ~i§tribution 
Population Acreage End of 1979 End of 1978 End of 1979 End nf 19~ 

26,302 5,056 4,175,024 4,020,736 104.05 104.10 
13,505 1,728 2,202,007 2,200,086 55.38 55.38 

58,896 8,512 7,965,727 7,453,037 203.54 200.26 
35,935 5,760 2,460,646 2,367,341 71.26 71.26 

13,986 2,240 2,731,675 2,548,083 58.90 55.83 

19,580 7,040 4,510,462 4,286,338 88.96 86.47 

17,895 17,856 4,202,708 3,658,965 95.65 89.72 

70,968 6,400 5,671,343 5,218,047 141.34 140.88 

14,674 1,088 1,423,307 1,372,221 36.63 36.64 
28,060 4,736 4,896,329 4,485,517 123.90 114.69 

116,716 6,784 11,008,896 10,720,852 289.30 291.09 

85,164 16,512 12,666,516 11,755,759 305.75 296.83 
25,190 2,944 3,089,513 2,934,513 75.91 75.83 

100,869 53,952 15,957,133 14,727,645 345.91 325.89 
93,058 24,256 10,891,569 10,074,061 271.70 264.60 
20,484 7,936 4,526,570 4,307,325 107.49 103.64 
37,703 7,616 6,670,122 6,518,475 160.22 159.98 
16,506 4,544 3,468,822 3,165,176 84.17 77.37 
14,205 4,864 2,358,782 2,254,939 58.61 58.01 
27,153 5,376 4,293,728 4,008,813 80.61 78.13 

361,561 34,176 39,045,685 37,855,251 1,010.07 1,012.78 
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Community 

East Bay (cont.) 

Piedmont 

Pinhole 

Pittsburg 

Pleasant Hill 

Pleasanton 

Richmond 

San Leandro 

San Pablo 

Union City 

Walnut Creek 

Humboldt 

Arcata 

Eureka 

North Bay 

Benicia 

Larkspur 

Mill Valley 

Napa 

Novato 

Petaluma 

Rohnert Park 

San Anselmo 

San Rafael 

Santa Rosa 

Ukiah 

Vallejo 

Sacramento 

Davis 

Fairfield 

Sacramento 

TABLE C-9 

Population, Acreage, Distribution Plant, and Main Mileage 
Pacific Gas and Electric Coro,pany (Continued) 

Total Plant in Service ($) Miles of Dist ribut'ion Mail 
Population Acreage End of 1979 End of 1978 End of 1975 End of 1978 

10,917 1,280 1,761,128 1,721,702 47.01 47.26 
15,850 2,240 1,882,259 1,811,980 41.50 41.30 
20,651 5,376 4,470,213 4,034,047 102.99 96.57 
24,610 3,712 3,989,000 3,724,217 94.59 91.27 
18,328 8,128 4,531,821 4,294,458 115.39 114.38 
79,043 20,544 9,747,754 9,304,423 235.25 233.02 
68,698 8,128 8,330,034 7,938,850 199.57 197.22 
21,461 1,600 1,872,542 1,797,660 42.94 42.91 
14,724 9,408 4,430,570 4,233,963 97.93 95.13 
39,844 9,408 7,337,723 6,735,424 148.32 140.31 

8,985 4,416 1,946,950 1,847,531 46.31 45.41 

24,337 5,248 4,851,487 4,659,587 120.03 120.27 

8,783 1,984 2,459,054 2,217,344 56.08 54.18 

10,487 2,112 1,450,364 1,376,825 36.12 35.00 
12,942 3,008 2,543,235 2,452,401 58.46 58.36 
35,978 8,384 7,441,942 7,031,282 187.95 183.93 
31,006 13,120 5,259,909 4,603,482 123.63 118.48 
24,870 4,800 4,537,520 4,220,877 108.45 102.39 

6,133 3,584 2,017,777 1,737,814 51.59 44.89 
13,031 1,728 1,871,746 1,803,798 46.45 46.55 
38,977 9,152 6,727,702 6,454,637 173.64 173.45 
50,006 12,736 12,675,490 11,646,974 300.09 279.77 
10,095 2,432 1,850,657 1,747,789 42.49 39.83 
66,733 9,728 9,392,154 8,465,803 228.85 217.46 

23,488 3,648 4,025,947 3,726,489 96.04 94.07 
44,146 9,856 6,866,836 6,172,392 154.00 144.18 

254,413 60,032 42,988,841 39,249,469 969.70 935.07 
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TABLE C-9 

Population, Acreage, Distribution Plant, and Main Mileage 
Pacific Gas and Electric Company (Continued) 

Total Plant in Service ($) Miles of Distribution ~ 
Community Population Acreage End of 1979 End of 1975 Ena or 1979 End or 1978 

""'--

Sacramento (cont. ) 

Vacaville 21,690 5,824 5,831,640 5,256,693 134.73 126.35 

Woodland 20,677 3,200 4,109,167 3,926,003 99.31 98.48 

San Francisco 

Daly City 66,922 4,416 6,038,305 5,775,647 141.39 141.14 

Millbrae 20,781 2,112 2,182,510 2,067,347 53.61 53.61 

Pacifica 36,020 8,064 3,690,571 3,553,121 95.29 95.26 

San Bruno 36,254 3,584 3,916,183 3,768,717 98.19 98.16 

San Francisco 715,674 29,056 47,871,683 46,203,472 1,194.53 1,194.00 

South San Francisco 46,646 6,080 5,078,464 4,841,329 120.57 120.01 

San Joaguin 

Atwater 11,640 2,048 2,192,541 1,983,689 46.81 42.93 

Bakersfield 69,515 16,576 14,185,068 12,645,350 331.09 313.56 

Clovis 13,856 2,240 4,513,111 3,602,693 88.73 77.55 

Fresno 165,972 26,752 32,377,960 29,261,120 787.42 762.62 

Los Banos 9,188 3,456 1,721,398 1,580,220 41.32 39.27 

Madera 16,044 4,160 3,269,199 2,999,765 77.47 72.87 

Merced 22,670 4,800 5,109,513 4,802,144 123.25 120.87 

Ridgecrest 7,629 l+,992 2,457,771 2,304,763 63.87 59.76 

Sanger 10,008 1,664 1,770,763 1,580 9 025 38.86 37.99 

San Jose 

Belmont 23,667 2,944 2,855,766 2,746,744 68.68 67.85 

Burlingame 27,320 2,944 3,134,299 3,020,651 79.72 79.62 

Campbell 24,770 2,176 3,064,268 2,911,702 73.18 72.13 

Cupertino 18,216 4,864 4,451,365 3,142,260 77.37 75.11 

Foster City 9,327 2,368 2,313,421 2,243,814 57.08 56.08 

Gilroy 12,665 3,136 3,004,437 2,732,420 62.12 56.93 

Los Altos 24,956 3,648 4,637,585 4,449,265 112.03 111.47 

Los Gatos 23,735 5,632 4,478,477 3,909,206 101.19 99.82 

Menlo Park 26,734 7,744 3,788,853 3,523,198 74.91 74.84 

Milpitas 27,149 5,952 3,618,948 3,241,235 87.08 83 .l~2 
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Community 

San Jose (cont. ) 

Mountain View 

Morgan Hill 

Redwood City 

San Carlos 

San Jose 

San Mateo 

Santa Clara 

Santa Cruz 

Saratoga 

Sunnyvale 

Watsonville 

Shasta 

Redding 

Stockton 

Ceres 

Lodi 

Manteca 

Modesta 

Stockton 

Tracy 

Turlock 

Source: Pacific 

TABLE C-9 

Population, Acreage, Distribution Plant, and Main Mileage 
Pacific Gas and Electric Company (Continued) 

Total Plant in SeFvice ($) Miles of Distribution Mair 
Population Acreage End of 1979 End of 1978 End ox I979 End or I978 

51,092 6,976 2,942,741 2,764,623 160 .~87 157.92 

6,485 5,120 6,283,321 5,943,479 64.50 62.95 

55,686 13,120 6,118,190 5,867,521 147.83 145.84 

25,924 2,944 3,685,398 3,522,431 84.10 83.54 

445,779 87,168 67,035,089 64,021,151 1,677.72 1,642.77 

78.991 7,232 9,023,296 8,676,796 223.99 223.79 

87,717 10,560 10,105,598 9,529,975 250.71 248.02 

32,076 7,808 5,762,667 5,484,102 160.14 158.15 

27,110 7,808 5,733,416 5,497,325 133.59 132.59 

95,408 13,696 11,031,126 10,546,577 275.51 273.58 

14,569 2,624 2,669,546 2,505,061 64.58 63.14 

16,659 9,728 6,964,861 6,600,799 171~59 166.58 

6,029 1,920 2,401,358 2,033,588 50.49 43.39 
28,691 4,544 5,461,647 5,203,469 141.05 135.05 

13,845 1,920 3,301,411 2,985,790 80.06 74.14 
61,712 6,080 16,265,111 15,222,248 370.49 355.43 

107,644 19,136 19,271,810 18,007,,242 478.80 458.38 

'14,724 3,712 2,626,873 2,413,790 .65 .. 84 63.58 

13~992 2,944 4,315,208 4,009,390 95.61 90.25 

Gas and Electric Company. 
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Table C~10 

Average Degree-Days for the Period 1941-1970 - Meteorological Stations in the Pacific Gas and Electric 
Company's Service Area 

Meter. Jan. Feb. Mar. Apr. May. June July Aug. Sept. Oct. Nov. Dec. Total Peak Load 
Station Annual Month Factor 

COAST VALLEYS DIVISION 
Salinas 465 364 372 296 214 139 102 96 72 136 275 1~28 2959 465 0.53 
Santa Maria 450 364 378 303 245 167 ll2 102 94 159 270 409 3053 450 0.56 
Average 457 364 375 300 229 153 107 99 83 148 272 419 3006 457 0.55 

COLGATE DIVISION 
Marysville 605 406 335 186 58 9 0 0 0 76 333 577 2585 605 0.35 

DE SABLA DIVISION 
Red Bluff 614 420 366 218 64 8 0 0 0 82 339 577 2688 614 0.36 
Marysville 605 406 335 186 58 9 0 0 0 76 333 577 2585 605 0.35 
Average 609 413 351 202 61 8 0 0 0 79 336 577 2636 609 0.36 

DRUM DIVISION 
Sacramento 617 426 372 227 120 20 0 0 5 101 360 595 2843 617 0.38 

EAST BAY DIVISION 
Oakland 508 367 350 270 193 114 80 74 59 135 291 1~68 2909 508 0.48 

HUMBOLDT DIYISION 
Eureka 549 465 518 459 388 294 270 248 252 329 399 50if 4679 549 0.71 

NORTH BAY DIVISION 
Santa Rosa 586 420 406 289 171 78 20 22 33 134 354 552 3065 586 0.43 
Ukiah 589 426 412 285 141 47 0 7 12 131 369 558 2977 589 0.42 
Average 587 423 409 287 156 63 10 14 23 132 362 555 3021 587 0.43 

SACRAMENTO DIVISION 
Sacramento 617 426 372 227 120 20 0 0 5 101 360 595 2843 617 0.38 

f--...! SAN FRANCISCO DIVISION '-.0 
00 S/F City 437 325 332 291 257 194 202 177 102 127 233 403 3080 437 0.59 

SiF Air120rt 518 386 372 291 210 120 93 84 66 137 291 474 3042 518 0.49 
Average 477 356 352 291 233 157 148 130 84 132 262 1·.39 3061 477 0.53 

SAN JOAQUIN DIVISION 
Fresno 611 423 344 182 51 9 0 0 0 90 345 595 2650 611 0.36 
Bakersfield 5L~3 353 266 140 22 0 0 0 0 55 276 530 2185 543 0.33 
Average 577 388 305 161 36 5 0 0 0 72 311 562 2417 577 0.35 

SAN JOSE DIVISION 
San Jose 481 350 322 228 123 50 12 15 13 90 276 456 2416 481 0.42 

SHASTA DIVISION 
Red Bluff 614 420 366 218 64 8 0 0 0 82 339 577 2688 614 0.36 

STOCKTON DIVISION 
Stockton 632 445 381 214 67 15 0 0 0 88 363 601 2806 632 0.37 

Source: Monthly Normals of TemEerature z PreciEitation z and Heating and Cooling Degree-Days 1941-1970 
C1imatograEhy of the United States No. 8~Ca1ifornia. U.S. Department of Commerce? 
National Oceanic and Atmospheric Administration, Environmental Data Service. 



APPENDIX D 

NATIONAL FUEL GAS DISTRIBUTION CORPORATION DATA 

The purpose of this appendix is to present the community-level 
data used in the econometric analysis of the National Fuel Gas Distri­
bution Corporation, as reported in c.hapter 3. These data correspond . 
to the year 1979 and cover 173 communities. The residential, commer­
cial, industrial, and public authorities gas sales and numbers of cus­
tomers are presented in table D-l. The distribution plant in service, 
disaggregated into various categories, the total plant in service, 
and the population and acreage are indicated in table D-2. 
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Table D-l: Gas Sales and Average Numbers of Customers - 1979 - National Fuel Gas Distribution Corporation 

Gas Sales (MCF) Averaae Number of Customers 
Conununi ty 

Residential Commercial Industrial Public Total Residential Commerdal Industrial Public Total 
Authorities Authorities 

I. Alfred, T. 43995 12337 5028 4591 65951 287 27 8 5 327 
2. Alfred, V. 63749 113694 0 169089 346532 381 44 0 20 445 
3. Alma, T. 30309 747 7314 3820 42190 242 7 13 7 269 
4. Almond T. 27511 780 0 21399 49690 218 8 0 4 230 
5. Almond, V. 30932 4443 0 386 35761 200 12 0 2 214 
6. Amity, T. 17863 11422 0 380 29665 151 6 0 2 159 
7. Andover, T. 90410 6947 954 12902 111213 45 33 1 9 637 
8. Angelica, T. 5684 639 0 0 6323 327 5 0 a 50 
9. Angel1ica, V. 47658 8258 a 6882 62798 324 23 0 8 358 

N 
10. Belfast, T. 49353 6485 0 8579 64417 381 31 0 7 362 

0 II. Belmont, V. 61250 11531 0 21203 93984 803 45 0 16 442 
0 12. Bolivar, T. 124874 16215 4815 9744 155648 256 62 9 11 885 

13. Caneadea, T. 54720 33577 0 2960 91257 51 12 0 5 273 
14. Centerville, T. 7307 440 0 113 8860 227 3 0 2 56 
15. Cura, T. 33292 4193 192814 228 230527 623 6 2 2 237 
16. Cuba, V. 103752 16760 57269 29803 207584 190 53 7 10 693 
17. Friendship; T. 25985 12364 0 147 38496 386 5 0 1 196 
18. Friendship, V. 67478 6323 50739 14834 139374 261 23 1 15 425 
19. Genesee, T. 32749 4778 1967 815 40309 276 11 4 6 282 
20. Independence, T. 34998 2553 2305 5372 45228 532 17 3 7 303 
21. Scio, T. 77930 4738 5528 8410 96606 982 26 6 5 569 
22. Wellsville. T. 134871 33822 154279 16632 339604 1913 60 6 6 1054 
23. Wellsville, V. 321432 79066 25824 44886 471208 427 180 7 18 2118 
24. Willing, T. 56095 1920 1 681 58697 241 14 2 3 446 
25. Wirt, T. 38420 464 300 7427 46611 0 3 21 8 273 
26. Carrollton, T. 0 430 0 0 430 4 2 0 0 2 
27. Dayton, T. 486 0 0 0 486 405 0 0 0 4 
28. Delevan, V. 60852 6199 0 14458 81509 141 20 0 9 434 
29. East Otto, T. 20010 1255 0 1426 22691 642 5 0 4 150 
30. Ellicottville, R. 95368 24326 31808 H022 162524 13 53 4 8 ' 707 
31. Farmersville, T. 1842 1392 20 1095 4349 211 2 0 1 16 
32. Fr anksv iI1e, T. 30711 966 95 52 31824 160 5 I I 218 



Tabli~ D-l: Gas Sales and Average Numbers of Customers - 1~79 - National Fuel Gas Distribut:l.on Corporation (Continued) 

Gas Sales CHeF) Avet."age Number of Customers 
Community 

Residential Commercial Industrial Public Total Residential Commercial Industrial Public Total 
Authorities Authorities 

33. Freedon, T. 22310 325 0 481 23116 160 1 -20 1 142 

34. Govanda, V. 120373 42091 19906 11623 193993 804 78 4 8 894 

35. Great Valley, T. 54672 3535 23557 9263 91027 420 13 3 4 440 

36. Little Valley, T. 92208 12715 20796 22060 147779 593 37, 4 24 658 

37. Machias T. 72181 7756 0 14048 93985 643 22 0 6 671 

38. Mansfield, T. 3061 0 0 848 3909 18 0 0 1 19 

39. New Albion, T. 92360 9937 35793 14152 152242 588 36 3 12 639 
40. Olean, C. 266434 82588 209372 14590 572984 1653 74 2 15 1744 

41. Olean, T. 38325 16829 24505 7157 86816 263 27 1 1 292 

42. Otto, T. 21134 2326 2562 1013 27035 126 9 2 2 139 

43. Perrysburg, V. 21486 797 0 51291 73574 143 4 0 4 151 
44. Perrysburg, T. 42441 1308 0 14380 58129 288 6 0 2 296 

N 45. Persia, T. 11125 777 0 968 12870 83 3 0 2 88 

0 46. Portville, T. 91457 37172 0 22894 151523 622 43 0 3 668 

f-1 ,47. Portville. V. 63364 16247 55672 3610 138893 369 35 1 9 414 

48. Salam Anca, C. 397434 88971 38416 46761 571582 2412 145 6 15 2578 

49. Salam Anca, T. 27025 8 0 6430 33463 192 0 0 2 194 

50. Yorkshire, T. 53674 12910 265 290 67139 418 28 1 3 450 

51. Dunkirk, T. 83583 27750 310583 28307 450223 511 49 5 5 570 

52. Arkwright, T. 8980 92 0 755 9827 64 1 0 2 67 

53. Brocton, V. 80817 17424 42061 25631 165933 512 32 1 5 550 

54. Cassadaga, V. 56627 8750 lSll 3747 70635 361 26 1 5 393 

~5. Chauta1iquat, T. 88766 9534 0 20376 ll8676 764 26 0 1 791 

p6. Dunkirk, C. 881268 193756 1710336 87354 2872714 5454 342 16 39 5851 

57. Forestville, V. 48445 5654 953 14760 69812 305 22 2 4 333 

~8. Fredonia, V. 473722 80751 156423 272723 983619 2905 163 2 16 3086 

9. Hanover, T. 156842 36219 -3600 19023 208484 1263 54 0 9 1326 

~o. Mayville, V. 96243 248ll 9623 35849 166526 583 52 1 II 647 

1. Pomfret, T. 139309 44496 572 34637 219014 939 51 1 7 998 

~2. Portland, T. 87544 3981 0 1332 92857 690 12 0 4 706 

1)3. Ripley, T. 86257 14434 11495 10166 122352 522 26 2 5 555 

,4. Sheridan, T. 127164 21948 0 1697 150809 794 49 0 4 847 

, 5. Sherman, T. 46970 10286 0 10954 68210 250 29 0 7 286 

~6. Si1vercreek, V. 182368 49520 23246 7438 262572 U50 109 2 8 1269 

7. Stockton, T. 23280 622 0 3183 27085 145 6 0 5 156 

~8. Vi11enova, T. 194 0 0 0 194 3 0 0 0 3 

69. Westfield, T. 35849 94"41 676 0 45966 281 21 1 0 303 



Table D-l: Gas Sales and Average Numbers of Customers - 1979 - National Fuel Gas DistribuUon Corporation (Continued) 

Gas Sales (MeF) Average Number of Customers 
Community ---

Residential Commercial Industrial Public Total Residential Commercial Industrial Public Total 
Authorities Authorities 

70. Westfield, V. 220369 45465 191087 17009 473930 1278 101 6 12 1397 
7l. Akron, V. 165129 26326 23119 9216 223790 1099 70 5 14 1188 
72. Alden, T. 254511 17162 2974 11655 286302 1630 34 -1 11 1674 
73. Alden, V. 114602 15283 2181 1835 133901 751 40 1 2 794 
74. Amherst, T. 4938904 903203 15334 267305 6124746 31132 974 64 32177: 
75. Angola, V. 127335 13178 35133 4015 179661 814 47 9 871 
76. Aurora-,. T. 386342 30733 0 28509 445584 2198 51 0 13 2262 
77. Blasdell, V. 162121 39162 213405 16860 431548 1126 49 2 8 1185 
78. Boston, T. 328513 21532 3149 5929 359123 2122 57 1 7 2187 
79. Brant, T. 89331 10109 0 4591 104031 596 28 0 .10 634 
80. Buffalo, C. 22747232 6125422 6273705 1895977 37042336 125398 5273 179 367 131217 
81. Cheektomiaga, T. 4444263 1358704 495461 236198 6534626 30772 1040 43 68 31923 
82. Clarence, T. 886749 265538 63593 63134 1279014 5146 365 3 25 5539 
83. Colden, T. 118232 16571 ·-200 5818 140421 779 32 0 9 820 

N 84. Collins, T. 155050 13450 97825 16321 282646 993 40 2 1047 0 12 
N 85. _Concord. T. 92473 10828 0 7348 110649 624 36 0 5 665 

86. Depew, V. 923469 124012 705217 43938 1796636 6347 192 21 22 6582 
87. E. Aurdra, V. 391445 106427 27893 /.6162 571927 2261 210 2 22 2495 
88. Eden, T. 297467 60856 1924 25181 385428 1996 100 4 8 2108 
89. E1ma, T. 566754 47978 14115 30775 659622 3211 100 3 16 3330; 
90. Evans, T. 655329 60798 0 46114 762241 4779 143 0 21 4943 
91. Farmham,V. 25724 1287 0 5043 32054 144 1 3 6 154 
92. Gowanda, V. 55167 15011 3718 4796 78692 363 33 1 5 402 
93. Grandlsland,T. 555679 130879 73065 44074 803697 4004 99 4 13 4120 
94. Hamburg, T. 1693620 383674 440151 148114 2665559 11244 448 7 52 11751 
95. Hamburg, V. 457529 97598 535 35681 591343 2743 216 1 20 2980 
96. Holland, T. 142348 11980 30409 18153 202890 910 33 3 7 953 
97. Kenmore, V. 859107 124724 0 15769 999600 6546 265 0 19 6830 
98. Lackawanna, V. 1146913 276269 9059655 59411 10542248 8098 251 7 26 8382 
99. Lancaster, V. 673546 75472 77491 51084 877593 4330 115 10 19 4474 
100. Lancaster, T. 516654 63185 73178 45100 698117 3239 83 3 15 3340 
101. Marilla, T. 166418 2589 0 5172 174179 1145 10 0 5 1160 
102. Newstead, T. 59444 15501 48576 0 123521 368 38 3 0 409 
103. Northco11ins,T. 53730 6370 -2140 7223 65183 333 23 0 3 359 
104. Northco11ins,V. 76623 19079 6224 2180 104106 490 39 1 5 535· 
105. OrchardPark, V. 226065 38694 0 28178 292937 1198 78 0 9 1285' 
106. OrchardPark, T. 923661 118.403 0 62355 1104419 5529 173 0 27 5729 



Table D-1: Gas Sales and Average Numbers of Customers - 1~79 - National Fuel Gas Distribution Corporation (Continued) 

Gas Sales (tieF) Ave~age Number of Customers 
Community 

Residential Comaurc:ial Industrial Public Total ReeidEultid COBMrc::l.al Industrial Public 'rotal 
Authorities Authorit1eG 

107. Sardinia, T. 7135] 9950 102313 3835 187449 441 3U 7 7 480 
108. Sldan, V. 257722 85687 50 9981 353440 1759 36 0 5 1800 
109. Springville, V. 219925 70782 32572 32926 356205 1351 119 4 16 1490 
110. Tonawanda, C. 768577 188784 902775 54336 1914472 5709 222 27 29 5987 
Ill. Tonawanda, T. 3015905 726010 3245150 152891 7139956 23166 84j 49 64 24124 
112. Wales, T. 73274 8684 0 5889 87847 527 19 0 6 552 
113. West Seneca, T. 2361327 318729 89856 146178 2916090 15156 465 4 57 15682 
114. Williamsville, V. 333025 87513 0 6160 426698 2206 126 0 6 2338 
115. Alexander, T. 52068 5746 11093 24183 93090 321 18 1 6 346 
116. Batavia, C. 871612 255245 415142 142997 1684996 5191 311 20 38 5560 
117. Batavia, T. 167624 67119 0 6821 241564 1121 102 10 5 1238 
118. Bethany, T. 23449 1726 -60 0 25115 145 4 0 0 149 
119. Corfu, V. 30472 11825 0 345 42642 177 25 0 2 204 N 120. Darien, T. 50021 7865 0 2098 59984 320 21 0 3 344 0 

w 121. Elba. T. 32453 5538 0 9853 47844 231 23 0 6 260 
122. Pavilion, T. 17104 910 0 0 18014 110 5 0 0 US 
123. Pembroke, T. 85360 9613 19173 6719 120865 576 28 1 7 612 
124. Oakfield, T. 118110 23789 0 3345 145244 743 43 20 5 811 
125. Stafford, T. 3136 809 0 0 3945 25 3 0 0 28 
126. Avon, T. 141 0 0 0 141 1 0 0 0 1 
127. Lima, T. 98759 40771 138290 6142 283962 556 64 2 9 631 
128. Honeoye Fa11s,V. 121344 39911 20466 3659 185380 725 74 4 7 810 
129. Mendon, T. 1686 0 0 0 1686 9 0 0 0 9 
130. Lewiston, T. 394315 215732 31256 97706 739009 2548 59 2 11 2620 
131. Cambria, T. 36761 4744 0 39545 81050 271 8 0 1 280 
132. Lewiston, V. ~4762 49857 0 6049 150668 768 93 0 3 864 
133. NiagraFa11s,V. 2714015 830291 4184084 129100 7857490 19343 1177 32 80 20632 
134. Niagra, T. 303398 131113 866670 125063 1426244 2227 249 5 9 2490 
135. North TonawandaC. 1410784 192793 493464 100402 2197443 10004 348 42 42 10436 
136. Dorter, T. 80489 6016 0 18082 104587 535 16 0 12 563 
137. Wilson, T. 16730 1391 7134 13206 38461 143 4 1 2 150 
138. Wilson, V. 34407 8021 0 8577 51005 270 24 0 6 300 
139. Youngstown ,V. 67668 11716 0 1202 80586 552 26 0 2 580 
140. Wheatfield,T. 324198 62217 158818 10456 555689 2453 120 4 7 2584 
141. Bristol, T. 27773 2395 0 962 31130 170 6 0 4 180 



Table D-l: Gas Sales and Average Numbers of Customers - 1979 - National Fuel Gas Distribut1.on Corporation (Continued) 

Gas Sales (MCF) Averss.e Number of Customers 
Community 

Raddllntial Com.!Iuuc1al Industrial Public Total Residantis.l Commercial Indu.!ltrid Public Totcal 
Authorities Authorities 

142. EastBloomfield,T. 60846 6775 7837 12251 87709 299 17 6 323 143. EastBloomfield,V. 36690 12231 0 7643 56564 212 30 0 4 246 
144. WestBloomfie1d,T. 63147 3811 619704 1893 688560 4450 180 0 30 4660 
145. Richmond,T. 2986 32525 7717 4288 47516 20 4 2 2 28 146. Arcade,V. 71651 31322 146828 2614 252415 491 61 6 5 563 
147; Arcad,':, T. 60606 4886 21535 1284 88311 446 7 4 4 461 148. Attica,V. 152933 31240 0 9243 193416 853 65 0 927 
149. Attica,T. 13735 11467 61491 39688 126381 78 3 3 6 90 150. Bennington,T. 56342 2121 1189 1177 60829 339 8 1 2 350 151. Castile,V. 73232 13399 0 5615 92246 401 33 0 7 441 
152. Castile, T. 5863 0 0 953 6816 30 1 1 0 32 
153. Eagle,T. 25823 2637 0 3444 31904 157 9 0 4 170 
154. Gainsvi11e,T. 27747 2108 440 19554 49849 157 9 0 4 170 N 155. GeneseeFa11s,T. 476 0 0 0 476 0 2 C 0 0 4>- 156. Java,T. 48246 6507 0 1000 55753 302 28 0 4 334 
157. Middlebury,T. 13106 2768 0 800 16674 145 9 1 4 159 
158. Orangevi11e,T. 10351 126 0 0 10477 80 1 0 Q 89 
159. Pike,T. 6829 93 404 0 7326 40 1 0 0 41 
160. Sheldon, T. 794910 109080 4140 29590 937720 710 10 0 10 730 
161. Si1verSprings,V. 46430 4402 47807 3405 102044 498 35 9 543 
162. Wyoming,V. 29661 5288 0 3944 38893 278 15 4 299 
163. Covington,T. 5863 0 0 0 5863 36 0 0 0 36 
164. Canisted,T. 15092 843 0 0 15935 107 3 0 0 110 
165. Canisted,V. 149641 16080 2161 16279 184161 921 70 1 12 1004 
166. Fremont,T. 11857 130 0 1142 13129 79 2 0 2 83 
167. Greenwood,T. 29207 1736 0 6316 37259 200 16 1 6 223 
168. Horne11,C. 655899 184993 121860 61915 1024667 3716 259 10 19 4004 
169. Horne11svi11e,T. 134897 47447 6252 17101 205697 942 93 3 12 1050 
170. Holiard,T. 11063 702 -80 419 12104 62 5 0 1 68 
171. NorthHorne1l,V. 52610 20215 0 2202 75027 309 8 0 5 322 
172. WestUnion,T. 6265 305 0 426 6996 39 2 0 2 43 
173. Clarksville,T. 25502 745 0 1066 27313 183 1 0 2 186 

Source: National Fuel Gas Distribution Corporation. 



Land & 
Community Land Rights 

1- Alfred, T. 0 
2. Alfred, V. 0 
3. Alma, T. 0 
4. Almond T. 0 
S. Almond. V. 100 
i5~ Amity, T. 168 
7. Andover,. -r:. 0 

N 
8. Angelica, T. 0 

0 9. Angellica. V. 202 
l.n 10 .. Belfast, T. 654 

11- Belmont, V. 1095 
12. Bolivar, T. 0 
13. Caneadea, '1'. 0 
14. Centerville, 'f. 0 
15. Cura. T. 0 
16. Cuba, V. 1032 
17. Friendship, T. 464 
18. Friendship, V. 0 
19. Genesee, T. 0 
20. Independence, '1'. 0 
2l. SCio, T. 0 
22. WellSVille, T. 0 
23. Wellsville, V. 505 
24. Willing, T. 0 
25. Wirt, T. 0 
26. Carrollton, T. 0 
27. Dayton, T. 0 
28. Delevan, V. 307 
29. East Otto, T. 244 
30. Ellicottville. R. 386 
31. Farmersville, T. 0 
32. Franksville, T. 0 

Structures 
and 

Improvements 

0 
256 

13 
0 

755 
3583 

0 
374 

1201 
631 

3526 
0 
0 
0 
0 

1041 
3489 

0 
512 
299 
359 

1144 
1899 

0 
27 
0 
0 

887 
563 
782 

0 
0 

Table D-2: Distribution Plant in Service, T~ta1 Plant in Service, Population 
and Land Area - 1979 - National Fuel Gas Distribution Corporation 

1>1easuring Total Plant 
and in Service ($) 

Mains Regulating Services Total 
StatjQIlS 

125451 332 37279 163062 h11.R()O 

255811 5727 58414 320208 389534 
106677 26 24175 13089l 216610 
110147 0 16211 126358 295753 

38233 1652 12909 53650 69795 
89864 4018 23541 121174 142507 

172937 889 24414 198240 57749l 
140902 197 8076 149549 162227 
137624 3055 42466 184548 222885 

84103 8140 30523 124051 132139 
143068 11952 52324 211964 219062 
175006 183 52585 227774 338130 
176769 0 23549 200319 243517 

25850 0 6095 31945 35216 
44106 0 24753 68859 152875 

119309 6847 76154 204383 290405 
400474 11883 64339 480649 507747 

0 0 64339 43443 69031 
237381 8518 3865 250277 362856 
220514 0 51722 272535 36£1952 
365278 4708 76163 446508 616002 
641997 4168 128982 776290 1503070 
499675 20693 202296 725068 1022977 
264224 0 49235 313459 372061 
188246 8339 70642 267253 407134 

0 0 96 96 311 
0 0 76 76 360 

99025 6035 19281 125535 168588 
99104 1093 10626 111630 116333 

186026 4825 25464 217484 317936 
16432 2313 3436 22181 34050 
91902 1399 19207 112508 199634 

Population Land Area 

(acres) 

3804 768 

1408 

5815 



Table D-2: Distribution Plant in Scrvicc, Tutal Plant in Service, Populiltion 
and Land Area - 1979 - National Fuel Gas Distribution Corporation (Continued) 

Land & Structures Measuring Total Plant Population Land Area 
Community Land Rights and and in Service ($) (acres) 

Improvements Mains Regulating Services Total 
StatiQDS 

33. Freedon, T. 0 0 53514 0 13182 66696 77499 
34. Govanda, V. 0 0 llli507 3661 28688 148856 205375 3110 1024 
35. Great Valley, T. 432 865 228364 3362 35767 268790 289428 
36. Little Valley, T. 0 0 125655 0 11515 137170 169323 
37. Machias T. 321 876 191853 21084 53352 267487 367747 
38. Mansfi.e1d, T. 0 0 17129 0 2503 19632 49239 
39. New Albi.on, T. 0 709 133044 1980 12946 148679 161386 
40. Olean, C. 1623 14777 441010 39560 136617 633586 870345 19169 3968 
4l. Olean, T. 0 0 228843 9288 43562 281692 301023 
42. Otto, T. 395 1399 32684 1455 9158 45090 93330 
43. Perrysburg, V. 111 1376 48451 6068 9633 65638 413989 
44. Perrysburg, T. 963 2711 225642 8494 29286 267097 79870 
45. Persia, T. 0 0 28138 0 6090 34228 38418 
46. Portville, T. 2836 1660 410544 28977 108981 552998 596324 
47. Portville, V. 648 1330 86310 9634 38280 136200 145323 
48. Salam Anca, C. 1844 8605 773674 22381 102130 908633 1110103 7877 1920 
49. Salam Anca, T. 273 0 100551 0 19512 120336 139316 

N 50. Yorkshire, T. 347 808 222206 7608 29035 260005 383295 
0 5L Dunkirk, T. 350 1292 419630 8968 124390 554631 918404 
0\ 52. Arkwright, T. 0 0 58627 0 5638 64265 2002692 

53. Brocton, V. 789 3305 128540 9839 57055 199527 226821 
54. CaSsadaga, V. 0 0 141790 2934 42312 187037 201078 
55. Clwutilliquat. T. 0 103 464383 8934 135905 609325 1886405 
56. Dunkirk, C. 4242 27003 863577 46259 331435 272516 1727435 16855 2944 
57. Forestville, V. 203 0 75346 2559 30643 108751 120182 
58. Fredonia, V. 3741 7051 702778 31004 206294 950867 1238412 10326 3584 
59. Hanover, T. 830 125 504137 21980 173010 700081 1992613 
60. Mayville, V. 787 77 221903 5366 41022 269154 302361 
6L Pomfret, T. 0 76 705147 8979 125933 840136 2173149 
62. Portland, T. 0 14955 364760 38155 81332 499203 1580543 
1)3. Ripley, T. 0 0 356890 6457 55685 419032 1524724 
:)4. Sheridan, T. 0 0 514148 5392 87668 607208 1043885 
65. Sherman, T. 0 0 21532 0 2475 24007 434923 
66. Silvercreek, V. 2265 2811 211330 10615 76436 303457 346782 3182 768 
67. Stockton, T. 0 0 50716 2020 11379 64116 1496115 
68. Villenova, T. 0 0 2524 0 0 2524 2662 

59. We:stfield, T. 0 14663 248421 33562 33844 330450 659590 



Land & Structures 
Community Land Rights and 

70. Westfield, V. 5046 2862 71. Akron, V. 2123 5052 72. Alden, T. 1292 0 73. Alden, V. 49 171 74. Amherst, T. 32108 61964 75. Angola, V. 0 340 76. Auro-ra-, T. 876 3995 77. Blasdell, V. 559 1950 78. Boston, T. 1191 2351 79. Brant, T. 50 0 
N 80. Buffalo, C. 142009 337823 0 81. Cheektomiagml,T. '-l 32. 33889 54602 

Clarence, T. 3103 2574 83. Colden, T. 4754 160 84. Collins, T. 0 435 85. Concord, T. 355 5546 86. Depew, V. 7320 10826 
87. E. Aurdra, V. 2187 5591 
88. Eden, T. 270 0 
89. E1mn, T. 3044 10484 
90. Evans, T. 7451 9890 
9l. Farmham,V. 50 741 
92. Gowanda. V. 718 3337 
93. GrandIs1and,T. 15819 0 
94. Hamburg, T. 11582 38751 
95. Hamburg, V. 2423 12610 
96. Holland, T. 328 4696 
97. Kenmore, V. 6059 5651 
98. Lackawanna, V. 6912 15891 
99. Lancaster, V. 6360 11468 
100. Lancaster, T. 8938 5817 
101. Marilla, T. 305 823 
102. Newstead, T. 0 0 
103. Northco11ins.T. 50 777 
104. Northcol1ins,V. 1296 3608 
105. OrchardPark, V. 0 2331 
106. OrchardPark, T. 4462 8997 

Table D-2: Distribution Plant in Service, Tatal Plant in Service, Population 
and Land Area - 1979 - National Fuel Cns Distribution Corporation (Continued) 

Measuring Total Plant 
and in !>ervice ($) 

Regulating Mains Services Total 
StaticIl5 

258637 18946 74262 359753 423313 
361374 12960 79251 460761 497071 
770129 3469 186227 962017 1507019 
283941 5888 33179 323228 350445 

12884804 219758 2131351 387507 17631152 
261019 2982 55520 319861 401149 

1363211 20117 210764 598963 1927217 
279417 5586 69889 357401 494340 

1161453 20158 214850 403197 1682971 
360113 5588 59714 425466 563524 

19703168 625097 4224131 032256 29599312 
10299659 155315 1687741 253925 13714349 

2555144 26435 572942 161992 3799657 
603550 14987 87148 710598 959340 
537193 13426 75202 626256 1723857 
396140 23184 62232 319832 704487 

2465058 48981 405589 937774 3196719 
697982 18679 114674 839114 1061313 

1046712 27970 232420 307371 2364314 
1863065 42604 395202 314398 2572219 
2367283 47204 609516 041345 3668229 

88764 3308 16354 109216 120917 
120995 5301 22374 152725 169516 

2472358 11994 556340 3060288 3586423 
4844954 105923 1110081 6111292 7340337 

895612 27265 176947. 1115962 1374238 
454871 39809 127378 627082 841170 
906602 24225 375055 1317592 1484836 

1564953 31562 376797 1996115 2569408 
1287297 24326 266464 1795735 1733517 
1957656 29969 483555 2485935 2809664 

872604 3580 154080 1022392 1320275 
512459 3792 51910 602160 735655 
268883 13412 49585 332707 893568 
177007 5343 27352 214605 241953 
467635 6944 62176 539915 607811 

3474523 59045 628963 4175691 4798128 

:opu1ation Land Area 
(acre:;) 

3651 2432 
2863 1152 

2651 1728 

2676 768 

3910 704 

462768 26432 

22158 3264 
7033 1536 
2962 2688 

10215 1280 

20980 896 
28657 3904 
13365 1728 

3732 1216 



Land. & Structures 
community Land Rights and 

Improvements 

107. Sardinia, T. 317 2712 
108. Sldan, V. 265 2516 
109. Springville, V 501 4171 
110. Tonawanda, C. 5660 17750 
Ill. Tonawanda, T. 48341 45065 
112. Wales, T. 330 2123 
113. West Seneca, T. 18957 34719 
114. Williamsville, 70] 2201 
115. Alexander, T. 426 0 
IJ6. Batavia, C. 7841 19587 
117. Batavia, T. 75 0 
ll8. Bethany, T. 0 0 
119. Corfu, V. 0 0 
120. Darien, T. 0 0 
121. Elba, T. 3404 0 
122. Pavilion, T. 0 0 

N 123. Pembroke, T. 0 0 
0 124. Oak f ielt!, T. 0 0 (X) 125. Stafford, T. 0 0 

126. Avon, T. 0 0 
127. Lima, T. 0 0 
128. Honeoye Fa11s,V 3710 3710 
129. Mendon, T. 0 0 
130. Lewiston, T. 6298 0 
131. Cambria, T. 0 0 
132. Lewiston, V. 490 3272 
133. NiagraFal1s,V. 27337 48374 
134. Niagra, T. 9804 3771 
135. North Tonawanda' 20857 37766 
136. Dorter, T. 0 0 
137. Wilson, T. 3727 0 
138. Wilson, V. 0 0 
139. Younr,stown,V. 0 0 
140. Wheatfield,T. 54854 0 
141. Bristol, T. 0 0 

Table D-2: Distribution Plant in Service, Tutal Plant in Service, Population 
and Land Area - 1979 - National Fuel Gas Distribution Corporation (Continued) 

Measuring Total Plant 
and in Service ($) 

Mains Regulating Services Total 
Statj fJ.DS 

233901 3149 35704 275783 438377 
228052 8457 55346 294437 317630 
448519 10102 85993 549287 617591' 

2095867 36288 580832 2736698 3139413 
6895106 146531 2265571 9402196 14369034 

261295 2690 30732 297172 399675 
5812266 116379 1214780 7215106 10585303 

361434 12551 305481 682369 612711 
360783 0 27847 389056 414206 

1887823 55140 397005 2367397 2667457 
759111 3736 114653 877575 1966051 
76638 511 72373 89552 294560 

133705 8857 31538 174100 330743 
257517 0 35986 293504 357172 
154748 0 4913 163065 181029 
153052 0 15757 168810 261398 
322124 1075 60083 383281 754212 

78697 0 17321 96018 110995 
10421 0 2679 13101 16056 

0 0 0 0 321812 
252642 1987 15385 270014 356731 
257891 14173 49225 328710 362445 

19940 0 861 20801 22967 
2234155 26377 410050 2676881 3303210 

330593 0 28456 359049 436497 
498563 9196 81059 592580 646864 

7368586 120606 292513 7857417 10520194 
1600396 50114 293426 1957512 2644928 
4143348 76042 1160071 5438086 6076841 

415833 0 57864 474020 585544 
249597 0 13440 266765 316509 
190282 0 12013 202296 282130 
287302 758 72465 360525 462319 

1939863 28437 357520 1264675 2801921 
192794 7473 16902 217169 232278 

Population Land Ar",,,, 

(acred 

5216 512 
4350 1856 

21898 2368 

6835 704 

17338 3648 

3292 640 
85615 8576 

36012 6 ... 00 



Land & 
Land Rights 

142. EastBloomfie1d,T. 10 
143. East Bloomfi1ed,V. 40 
144. West B1oomfie1d,T. 0 
145. Richmond,T. 0 
146. Arcade,V. 4977 
147. Arcade,T. 0 
148. Attica,V. 1235 
149. Attica,T. 0 
150. Bennington,T. 0 151. Castile, V. 342 
152. Castile,T. 0 
153. Eagle,T. 319 
154. Gainsvil1e,T. 0 
155. GeneseeFa11s,T. 0 
156. Java,T. 0 tv 157. Midd1ebury,T. 0 0 

1.0 158. Orangevil1e,T. 0 
159. Pike,T. 0 
160. She1don,T. 0 
161. SilverSprings.V. 434 
162. Wyoming,V. 151 
163. Covington,T. 0 
164. Canisted,T. 285 
165. Canisted,V. 1700 
166. Fremont,T. 0 
167. Greenwood,T. 0 
168. Hornell,C. 666 
169. Hornellsvi11e,T. 0 
170. Holiard,T. 0 
171. NorthHornel1,V. 0 
172. WestUnion,T. 0 
173. Clarksville,T. 0 

Source: National Fuel Gas 

Structures 
and 

Imp rOunll!nt8 

0 
0 
0 
0 

1969 
0 

4141 
0 
0 

2131 
0 

809 
0 
0 
0 
0 
0 
0 
0 

1267 
4009 

0 
563 

1772 
0 

351 
4257 

530 
0 
0 
0 

42 

Table D-2: Distribution Plant in Service, T~ta1 Plant in Service, Population 
and Land Area - 1979 - National Fuel Gas Distribution Corporation (Continued) 

Measuring Total Plant 
and in Service ($) 

Regulating Total Mains Services 
Statjg!';lIi 

214555 0 14161 228725 246643 
130456 3128 30488 164112 176104 
543572 4654 44221 592447 645106 89118 3779 1482 94379 109444 
177860 18884 32024 235714 359295 167522 8210 20961 196693 404678 366323 14125 103172 488995 543475 31864 0 7097 38961 43667 317304 2445 23372 343120 404137 126634 4181 23813 157100 164856 33767 0 4747 38514 46643 32970 5788 9119 49005 106552 42957 0 8245 51202 102492 

0 0 219 219 47068 229355 0 26163 255518 307390 
93099 0 8977 102075 163965 51327 0 3035 54362 62081 
14694 2397 4839 21930 93397 399372 0 36201 435573 518172 
66248 1201 12277 81426 116917 45504 4704 11175 65543 73337 
13727 0 3088 16814 19168 58197 2575 8366 69986 102102 
69178 5023 8366 238200 310255 
68051 0 3468 71520 79658 

102278 273 24864 127766 248466 
890836 13902 321130 1230790 lR24712 
290749 2565 63246 357090 717273 38210 0 1638 39848 66716 
56492 0 19884 76376 102543 
29656 0 7926 37582 40176 
64985 1252 25713 91992 204110 

Distribution Corporation. 

Population Land Area 
(.:.;c::-c::) 

2911 896 

2772 640 

12144 1664 





APPENDIX E 

COMPUTER PROGRAM OF THE GUMCP MODEL 

The purpose of this appendix is to present the listing of the GUMCP 
model developed in chapter 4. This listing depicts the MAIN program and 
the following subroutines: MARCOS, EVALl, DIST, REVREQ, EVALl, and EVAL2. 
The listing of the linear programming code LPCODE used in MARCOS is not 
presented here. 



FOR'fRAN IV G 1 RELEASE 2. 0 NAIN DATE :: 00267 

C 
0001 
0002 

C 
0003 

C 
0004-
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

9015 

MA I N PROGRAJ'dI 
IMPLICIT REAL*8(A-H,o-Z) 
COMMON /~\INt/ A( 150.200)~BINV(150t150),TAB(150,200),SOL(150). 

1 TOP(200),B( 150),C(200) ,BOUND(200) ,ROW(200) ,COL( 150},S( 150), 
2 X(200).SLACK(150),TOL(S),DUAL(150).BIG,SMALL,DETERM,OBJ 

COMMON /MAIN2/ LABCOL(2&0),LABROW(150),LABTEM(200), INFEAS, 
l NINTO,NOUTOF, ISTATE,MNOW,M,NCOL,N,NUMEQU, ISFEAS, ISDEGN, 
~ ITYPE, ITERS, ITRMAX, IPRINT. ISBND, IRMAX, IRCNT. MAXM, MAXN 

DIMENSION DDM( 12),PR( 12) ,PC(12).PI(12),ELR( 12) ,ELC( 12),ELI(12) 
D I MENS ION DGMR( 12) ,DGMC( 12) • DCl\U ( 12) ,DCHre 12) 
DIMENSION P~~V( 12,50).PCMCV( 12.50),PIMCV(12,50) 
DIrffiNSION DGMRV( 12,50) ,DGMCV( 12,50),DGMIV(12,50) 
DIMENSION PRO( 12),PCO(12),PIO( 12) 
REAL KMIN 
REAL NEWPIS;NPT2.NPD 
NM= 12 
ICASE: 1 
ICASE=0 
PAVGM=1699.665 

BASIC DATA 
******************************************* 

RMR. RMC, RHI:: RE I OENT (AL. COliMERC I AL. AND INDUSTRIAL GROWTH RATES 
ELR.ELC,ELI=RESIDENTIAL.CO~lliRCIAL,AND INDUSTRIAL ELASTICITIES 
BL.SL=BASE AND SPACE HEATING LOAD COEFFICIENTS 
DDM( no :: HISTORIC AVERAGE DEGREE DAY DATA - YEAR STARTS IN APRIL 

SUPTl=MAXIMUM ANNUAL SUPPLY OF CONSOLIDATED (MMCF) 
SUP2T=MAXlMUM ANNUAL SUPPLY OF PANHANDLE (~IMCF) 
SUPWlIT=MAXIMUM MONTHLY WELLHEAD SUPPLY (~mCF) 
SUPFLT=MAXIMUM MONTHLY FIELD LINES SUPPLY 01MCF) 
CC = COMMODITY CHARGE $/MI1CF-l=CONSOLIDATED- 2=PANHANDLE 
DC :: DEMAND' CHARGE $/MrlCF - 1 = CONSOL I DATED- 2= PANHANDLE 
WRC :: WINTER REQUIREMENT CHl\RGE- CONSOLiDATED 
KMIN=TAKE-OR-PAY PROPORTION - CASE OF PANHANDLE 
CWH=COST OF WELL-HEAD PURCHASES ($/l\IMCF) 
CFL=COST OF FIELD-LINE PURCHASES ($/MMCF) 

DPROM=MAXlMUM MONTHLY INCREMENTAL PRODUCTION CAPACITY (MMCF) 
COMP=GAS PRODUCTION OPERATING COST ($/IDICF) 
CIP=GAS PRODUCTION INVESTMENT COST ($/HMCF) 
SHP=MARKET GROWTH SHARE SUPPLIED BY OWN PRODUCTION 

DSTCM=MAXIMUM INCREMENTAL STORAGE CAPACITY OmCF) 
CS = STORAGE COST (0. M. R.) $/IDICF DELIVERED/WITHDRAWN 
CIST=STORAGE EXPANSION INVESTMENT COST ($/MMCF) 

C I PT 1 = TRANSM I SS ION EX? ANS ION I NVESTMENT COST ($/MMCF) 
COM2=OTHER OPERATING COSTS ($/MMCF) 
ALLROR= RATE OF RETURN 

RMR=9.5 

212 



FOR1"RAN IV Gl 

9016 
0017 

0918 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 

0029 
0039 
0031 
0032 
0033 
0034 
0035 
0036 
0031 
0038 
0039 
0940 

0941 
0042 
0043 
0044 
0045 
0046 
0041 
0048 
0049 
0050 
0051 
0052 

0053 
0054 
0055 
0056 

0057 
0058 
0059 

0069 
0061 
0062 

0063 
9064 

RELEASE 2.0 

RMC=~.5 
RMI=9.5 

C 

c 

c 

c 

c 

C 

C 
C 

DO 2 IM= 1, NM 
ELR( 11'1)=-0.5 
ELC(IM)=-9.5 
ELI< nn =-0.5 

2 CONTINUE 
BLR=3293.742 
SLR=23.912 
BLC=1516.625 
SLC=9. 104 
BLI= HH79.264 
SLI=3.567 

DDM( 0 =506.6 
DDM(2)= 248.2 
DDtH 3) = 50.5 
DDM( 4) = 11.0 
DDM(5)= 18.9 
DD1'1(6)= 120.5 
DDM( 7) = 371.6 
DDM(8}= 712.6 
DDM( 9) = 107 t . 6 
UDM( H)) = 1201. '7 
DDM( 1 1) = 1046 . 3 
DDM(12)= 892.5 

SUPtT=200000. 
SUP2T=500000. 
SUPWHT= 2000. 
SUPFLT=2500. 
CCI = 1202.4 
DCI = 980. 
WRC = 8.015 
CC2 = 1009.2 
DC2 = 1860.0 
KMIN = 0.15 
CWH='787. 
CFL= 1481. 

DPROM=3000. 
COMP=921.12903 
CIP=14398.11 
SHP=0.1 

DSTCM=100000. 
CS=33.23 
CIST=50. 

CIPTl=232.0397 
C0M2=209.48495 
ALLROR=0.1206 

WRlTE(6,4) 

MAIN DATE = 80267 17/05/08 

4> FORMAT( IHl,40X,'SUMMARY OF BASIC DATA ASSUMPTIONS'/5X,l00(lH*)/5X, 
1100( IH*> / / /) 

213 



FORT.R.AN 

0665 
0966 

0667 
6068 

10069 
01070 

9071 
9672 
0073 
9974 
9973 
0976 
9977 
0978 

0079 

10000 

10981 
0082 

0083 
0084 

0085 
9086 

0081' 
0000 

0089 
0090 
0091 
0092 
9093 
0994 
0095 

0996 

0097 
0098 
01099 
0100 

IV Gl REI..EASE 2.0 

c 
C 
C 
C 
C 

'WIt I TE ( 6 ~ 3.) :Rl'IR, l\.'MC ~ :run 
3 FORMAT(////i0X~fRATES OF MARKET GROWTH'/20X,'RESIDENTIAL=',F6.2/ 
120X~'COMMERCIAL =~tF6.2/20X~tINDUS~r.RIAL =',F6.2//) 

WRITE( 6, tH (ELIU lID ~ 1M: 1 t MID 9 (ELC( nn t HI::: 1., NM) 9 (ELH lID 9 IM= 1, NID 
5 FORMAT(///10X,'MONTHLY DEMAND ELASTICiTIES'//20X,'RESIDENTIAL',3X, 

112F6.2/20X,·COMMERCIAL '~3X9t2F6.2/20X,9INDUSTRIAL ',3X,12F6.2///) 
WRITE(6 9 6) BLR,SLR.BLC,8LC.BLI.SLI 

6 FORMAT(///10X, 'BASE- AND SPACE-HEATING LOAD COEFFICIENTS'//20X,'RE 
lSIDENTIAL'.3X,2F12.3/20X,'COHMERCIAL ',3X,2Fi2.3/20X,'INDUSTRIAL ' 
~.3X.2Ft2.3///) 
WRITE(6~40 

41 FORMAT(////10X, ~ MEAN DEGREE DAYS DATA 9
//) 

DDT=8. 
DO 35 HI: 1 • If" 
DDT:: DDT+ DDM( 1M) 

35 CONTINUE 
WRITE(6,36) DDT,(DDM(IM),IM=l,NM) 

36 FORMAT(5X~'AVG* ANNUAL TOTAL DEGREE DAYB=',F9.1//5X,'MONTHLY DECRE 
IE DAYS:::~, 12F8.1) 
WRITE( 6, 7) SUP1T~SUP:2T,SUP'WHT,SUPFI ... T, eCl, 001 t WRC,CC2, 002, mIN, CWH, 

lCFL 
"1 FOMAT(////10X~ • SUPPLY CHARACTERISTICS'//29X, 'SUP1T=' ,F12.0/20X, '19 
lUP:2T:::·,F12.0/20K,'SUPWHT=9~F12.0/20K,'SUPFLT:::',F12.0/20X,teCI:::',F! 
::~2. 3/20:8:, ' DC 1::: ' ,F t:2. 3/26X, 'wac:: ' ,F 12. 3/20X, 'CC2= ' ,F 12. 3/20X, ' 002= ' , 
aF12.3/29X, 'KMTN=' ,F12.3/20X, 'CWH::: I ,F12.3/20X, ~CFL=' ,FI2.3///) 

WRlTE(6,8) DPROM,COMP,CIP,SHP 
8 FORMAT{////10X,'PRODUCTION CHA1~CTERISTICS'//20X,'DPROM=',F12.0/20 

lX,'COMP=' F12.3/20X,'CIP=',Fi2.3/20X~'SHP='tF12.3///) 
WRITE(6, DSTCM,CStCIST 

9 FORMAT(////10X,'STORAGE CHARACTERISTICS'//26X,'DSTCM:',F12.0/20X, 
I·CS=',F12.3/26X.'CiST=',F12.3///) 
WRlTE(6,10) CIPT1,ALLROR 

10 FORMAT(///16X, 'TRANSMISSION INVES1~T CIPTl=',F12.3////10X,'RATE 
1 OF RETURN ALLROR=',F12.3////) 

AVERAGE COST ANALYS IS 

WRITE( 6, 30tH 
300 FORMAT( ///40X, 'BASE AND AVERAGE COST PRICING ANALYSIS' /5X, 100( IH*> 

1/5&,109(1&*>///) 
PAVG= 1. 
DO 1 IM= 1, NM 
PR( UO:: L 
PC( no:: L 
PHIID=Jl. 
CONTINUE 
CALL LOAD(BLR,BLC~BLI,SLRfSLC,SLI,RMR,RMC,RMI,DDM,PAVG, 

iPR,PC,Pi 9 ELR,ELC,ELI.DGMR,DGMC,DGMI,DGMT,DDGT) 
CALL MARCOS(CCt,CC2,DCl,DC2,KMIN,WRC,CWH,CFL,COMP,CIP,CS,CIS 

JT,CIPTl,SUPlT,SUP2T,SUPWHT,SUPFLT,DPROM,DSTCM.SHP,DGMT,DDGT,OMC1, 
2NEWPIS,DGT.PR,PC p PI) 

CALL DIST(DGMT,InP,PEAK,CMPT2,NPT2,CMPD,NPD) 
NEWP IS=NEWP IS+NPT2+NPD 
CALL REVREQ( ALl.ROR 9 NEW IS 9 OCT ~ OMC 1 , X, PAve, NETP IS) 
CALL EVALt( IMI).PEAK,DGMT.ELR,ELC,ELI,DGMR,DGMC,DGMI,PAVG, 
IDGT,X,NETPIS~ALLROR,CRS~CCS,CIS9CRSTvCCST,CIST,CST.PS,TS) 
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FOR"I'RAN IV G 1 RELEASE 2. 0 MAIN DATE == 00267 

c 
C START OF THE ITERATIVE EQUILIBRATION PROCEDURE 
C 

19 UH WRI TE( 6. 1 1) 
0102 11 FORMAT(lHl,40X,'ITERATIVE EQUILIBRIUM PROCEDURE'/5X,109(lH*)/5X, 

0103 
0104 
0105 
0106 
0107 
0108 

0109 
0110 
0111 
0112 
0113 
0114 
0115 
0116 
0117 
0118 
0119 
0120 
0121 
0122 
0123 
0124 
0125 
0126 
0127 
0128 
0129 

0130 
0131 
0132 
0133 
0134 
0135 

0136 
0137 
0138 
0139 
0140 
0141 
0142 
0143 
0144 
0145 
0146 
0147 

0148 
0149 

c 
i100(lH*)///) 

IF( ICASE.EQ.l) PAVG=PAVGM 
NTMAX=50 
NTMAX=10 
NTMAX=5 
WRITE( 6.203) NTMAX 

203 FORMAT(//30X,'MAXIMAL NUMBER OF ITERATIONS NTMAX=',I5/30X,34(lH=)/ 
1/) 

IT: 1 
DO 50 1M:: 1 ,NM 
PK=0. 
IF(IM.EQ.IMP) PK=l. 
PRMCV( IM,IT)=PR( IM)+PK*(CMPT2+CMPD)+COM2 
PCMCV( 1M. IT)=PC( IM)+PK*(CMPT2+CMPD)+COM2 
PIMCV( IM,IT)==PI( IM)+PK*(CMPT2+CMPD)+COM2 

50 CONTINUE 
DO 100 IT=l.NTMAX 
WRITE( 6. 108) IT 

108 FORMAT( IH1,20X,' ITERATION NUMBER',I5/21X,16(lH*)//) 
WRITE( 6, 12) 

12 FORMAT(5X,'MONTHLY MARGINAL COSTS'//) 
DO 10 1 11'1= 1 , NM 
PRO( IM)=PRMCV( 11'1, IT) 
PCO( IM)=PCMCV( 1M, IT) 
P IO( no =P HICV( 1M, IT) 
WRITE( 6, 13) 1M. PRO( HO 

13 FORMAT(3X, 'MONTH=' , I4.3X,'COST=',FI2.3) 
101 CONTINUE 

CALL LOAD(BLR,BLC,BLI,SLR,SLC,SLI,RMR,RMC,RMI,DDM,PAVG, 
IPRO,PCO,PIO.ELR,ELC,ELI,DGHR.DGMC,DGMI,DGMT,DDGT) 

DO 102 IM=I,NM 
DGMRV< IM,IT)=DGMR(IM) 
DGMCV(IM,IT)=DGMC(IM) 
DGMIV( IM,IT)=DGMI(IM) 

102 CONTINUE 
IF( IT.EQ. 1) GO TO 106 

C TEST OF DEMAND-SUPPLY EQUILIBRIUM 
WRITE( 6, 14) 

14 FORMAT(///5X,'TEST OF DEMAND-SUPPLY EQUILIBRIUM'//) 
ID=0 
DO 104 IM= 1, NM 
DR=DGMRV( IM.IT)-DGMRV( 1M, IT-I) 
DC=DGMCV( IM.IT)-DGNCV( 1M, IT-I) 
DI=DGMIV(IM,IT)-DGMIV( IM t IT-l) 
DRA= DABS ( DR) 
DCA=DABS(DC) 
D IA=DABS( DO 
lffiITE(6,15) IM,DR,DC.DI 

15 FORMAT(3X,'MONTH=',14~3X.'DR='tF12.3,3X9 'DC==',F12.3,3X,'DI==',F12.3 
1) 

EPS=10. 
IF«DRA.GT.EPS).OR.(DCA.GT.EPS).OR.(DIA.GT.EPS» ID=i 
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6159 
0151 
0152 
0153 

0154 
0155 

9156 
0157 
0158 
9159 

0169 
0161 
0162 
0163 
0164 
0165 
0166 
0167 
0168 
0169 
0170 

194 CONTINUE 
IF(ID.EQ.l) GO TO 106 
WRlTE( 6 t 195) IT 

DATE == 80267 

105 FORMAT(///5X, 'EQUILIBRHm OF SUPPLY AND DEMAND :REACHED AT lTERATIO 
IN' , Hi///) 

GO TO 260 
106 CALL. MARCOS(CCl,CC2,DCl,DC2tKMIN,WRC,CWH,CFL.COMP~CIP.CS9CIS 

IT9 CIPTI ,SUP IT, SU'P2T ,SUPWHT, SUPFLT, DPROM, DSTeM, SlIP, DGMT, DooT, OMC1 9 

2NEWPIS,DGT,PR1 PC,PI) 
CALL DIST{ DCMT 9 IMP, PEAK, CMPT2, NPT2, CMPD, NPD) 
NEWPIS=NEWPIS+NPT2+NPD 
CALL REVREQ(ALLROR,NEWPIS,DGT,OMC1,XE.PAVGE,NETPIS) 
CALL EVAL2(IMP,PEAK,BLR,BLC,BLI,SLR,SLC,SL],DDM,DGHR.DGMC, 

IDGMI,DGMT,DGT,PRO,PCO,PIO,ELR,ELC,ELI.PAVGE,XE,NETPIS,ALLROR,CRS, 
2CCS;CiS~CRST;CCSTiCIST;CST.PS.TSiPAVGiR_~ia~C.R_~I) 

ITt= IT+ 1 
00 107 [Ii:: 1 , liM 
PK=0. 
IF( Hi. EQ. HiP) PI{=:t. 
PRMCV( IM,ITl)=PR( IM)+(CMPT2+CMPD)*PK+COM2 
PCMCV(IM,ITIJ=PC(IM)+(CMPT2+CMPD)*PK+COM2 
PIMCV(IM,IT1)=PI( IM)+(CMPT2+CMPD)*PK+COH2 

107 CONTiNUE 
100 CONTINUE 
290 STOP 

END 
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FORTRAN IV (;1 RELEASE 2.6 DATE ::: 00267 

0001 

0002 
0003 

0004 

0005 
0006 
0007 

0008 
0009 
0010 
0011 
0012 
0013 
0014 

0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 

c 
c 
C 

C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 
C 

SUBROUTINE MARCOS(CCl,CC2,DCl,DC2,KMIN,WRC,CWH,CFL,COMP,CIP,CS,CIS 
IT.CIPTl,SUP!T,SUP2T.SUPWHT9SUPFLT,DPROH,DS1~M,SHP,DGMT,DDGT,OMC1, 
2NEWPIS,DGT,PR,PC,PI) 

MA I N PROGRAM L I NPRO 
LINEAR PROGRAMMING CODE 

IMPLICIT REAL*8(A-H,o-Z) 
COrfrION /MAINI/ A(150,200),BINV( 150,150),TAB(150,200),SOL( 150), 

1 TOP(200).B(150),C(200).BOUND(200).ROW(200),COL(150),S( 150), 
2 X(200),SLACK(150),TOL(8),DUAL(150),BIG,SMALL,DETERM,OBJ 

COMMON /~~IN2/ LABCOL(200).LABROW(150),LABTEM(200),INFEAS, 
1 NINTO, NOUTOF, ISTATE.MNOW.M.NCOL,N,NUMEQU, ISFEAS. ISDEGN, 
2 ITYPE. ITERfiL ITRMAX, IPRINT. ISDND. IRMAX, IRCNT, M.A.XM, MAXN 

REAL KMIN 
HEAL NEWIS 
DIMENSION DGMT( 12) • PR( 12) ,PC( 12) • PH 12) , 

IGINST( 12),GOUST( 12) ,SUP1( 12),SUP2( 12) ,SUPV(12),PROD(12) 
DIMENSION G8TOR( 12) ,FSN( 12) 
DIMENSION GOMAX(12) ,GIMAX( 12),RSTOR{ 12) 
D [MENS [ON VGINS( 12) • VGOUS( 12) • VSl'1AX( 12) , VSfUN( 12) 
DIMENSION VIX( (2) .V2X( 12),VVV( 12).V8UV(12),VDGMT(12) 
DHIENSION VPRO( 12) ,VTRAN( 12) 
DIMENSION RHS(139) 
NM= 12 

ALL GAS FLOWS ARE EXPRESSED IN MCF 
PROC=EXISTING PRODUCTION CAPACITY (MMCF) 
PTIO=EXISTING TRANSMISSION CAPACITY (Nl'fCF) 
AIO.BAO ::: UNIT SLOPE AND INTERCEPT OF MAX. DELIVERIES TO STORAGE 
A20,B20=UNIT SLOPE AND INTERCEPT OF MAX. WITID)RAWALS FROn STORAGE 
RMIN AND RMAX = MINIMAL AND MAXIMAL SATURATION RATES 
STCO=EXISTING CERTIF lED STORAGE CAPAC lTV (MMCF) 

WTOT = 12. *WRC 
PROC=9-47.66661 
PT10=55000. 
Al0=-6.01766852 
A20=0. 15244512 
810=0.14043129 
B20=-0.0665671 
RMAX= 1.18 
RMIN=0.71 
STCO=141594.1 

0025 WRITE(6,42) PROC,PTIO 
0026 42 FORMAT(lHl,40X,'OUTPUT FROM SUBROUTINE MARCOS'/40X,39(lH:::)////10X, 

l'EXISTING MONTHLY PRODUCTION CAPACITY PROC:::' ,F12.3//10X. 'EXISTING 
2MONTHLY TRANSMISSION CAPACITY PTI0='.F12.3///) 

0027 52 FORMAT(//10X,'EXISTING STORAGE CHARACTERISTICS'//5X,'AI0:::',F10.5, 
13X,'BIO=',F19.5.3X,'A20=',F10.5,3X.'B20=·,F10.5/5X,'STC0=' ,F10.1/) 

C 
C START OF LP MODEL SET-UP 
C 
C START MAKE UP OF C VECTOR 
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1576 
1577 
1582 
0008 

0012 

0014 
0015 
0016 



FOR'f.RA1{ IV Gl RELEASE 2.0 

9928 
0029 
9939 
9931 
9932 
9933 
0634 
0035 
9036 
9937 
9938 
9039 
0040 
9941 
0942 
9943 
9944 
0045 
9046 
9947 
9048 
9949 
9959 
9051 
0052 
9053 
0954 
0955 
0056 
0057 
0958 
9059 

9960 
0061 
9962 
0063 
9964 
9963 

0966 
9967 
9068 
9969 
10970 
9911 
9912 
9913 
9914 
0915 
0916 
9917 
0918 
9019 

c 
C 
C 

C 
C 
C 

N=6*N!i+7 
tl= 11*NM+7 
DO 54 1= 1 ,NK 
Il=I+NM 
I2=1+2*NM 
13= I+3*fU1 
14= I+4*1'U1 
C( I) =-CS 
C(IU=-CS 
C(I2)=-CCl 
IF(I.GE.S) C(I2)=-CCI-WTOT 
C(13)=0. 
C(I4)==CC2 

34 CONTINUE 
I 1=5*NK+ 1 
12= 11+ 1 
13= 12+ 1 
14=13+1 
C(I3)=-CWH*12. 
C(14)=-CFL*12. 
C( 11) =-0. 4*DCl 
C(I2)=-0.4*DC2 
DO 57 IM= 19NK 
1=64+ 1M 
C( D =';"COMP 

57 CONTINUE 
11=77 
12=78 
13=79 
C( I 1} =-CIP 
C(I2)=-CIST 
C(I3)=-CIPTl 

INITIALIZE A 8 B TO BE ALL ZEROES 
DO 5 1= 1, M 
B( 1)=9. 
DO 5 J=LN 
A(I,J)=9. 
BOUND( J) =-1. 

ij CONTINUE 

WRITING OF CONSTRAINTS (1) AND (2) 

F l=AIO*MIN+JHO 
F2=A20*RMIN+B20 
00 "1 1= l,NK 
11= I 
12=NM+ I 
B( Il)=Fl*STCO 
IH 12) =F2*STCO 
S( 11):: 1 • 
S( 12):: 1. 
J 1= I 
J2=I+NM 
J3=18 
A( 11. J 1):: L 
A( Il,J3)=-Fl 

218 
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FOR1'R.IlN IV Gt RELEASE 2.' 

6600 
9681 
9082 
0983 
0084 
0085' 
0086 
0687 
0088 
0089 
0990 
9091 
0092 

0093 
0094-
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0188 
0109 
9110 
ell! 

0112 
0113 
0114-
0115 
0116 
9117 
0118 
9119 
9120 
9121 
9122 
9123 
9124 
9125 

0126 
9127 
9128 
9129 

c 
C 
C 

c 

A(12,J2)=I. 
A(12,J3)s-F2 
NKI= 1-1 
IF(NK1.EQ.0) GO TO l' 
00 8 J=l.IfHl 
Jl=J 
J2=J+NH 
A( Il,J1)=-A10 
A(Il.J2)=A10 
A( 12. J 1) I!I-~O 
A(12,J2)mA20 

8 CONTINUE 
, CONTINUE 

WRITING OF CONSTRAINTS (3) AIm (4) 

00 56 l=l,RK 
I 1=2*NIfto I 
12=3*1'01+1 
B(Il)=(RnAX-RMIN)*STCO 
B(I2)=8. 
S( I U = 1. 
S( 12) s 1. 
J3=,Q 
A(Il,J3)=-(RftAX-RKIN) 
IMAX= I 
00 '18 J=l, HfAX 
Jt=J 
J2=J+NK 
A( 11, J 1) = 1. 
A( l2, J2) = 1. 
A( 11. J2) =-1. 
A( I2,JU=-1. 

18 CONTINUE 
56 CONTINUE 

C CONTRACT DEMAND CONSTRAINTS 

GINST,OOUST 

C WRITING OF CONSTRAINTS UUAIm (6) SUPl,SUPHXl,SUP2,SUPRX2 
DO 55 l=t.NH 
I t=4*rUI+ I 
12=5*NH+1 
S( I I) = 1. 
S( 12)= L 
Jl=2*NK+I 
J2=5*NK+l 
J3=!l3*NH+I 
J4=5*NH+2 
A( 11, JU = l.. 
AC 11, J2) s .... L. 
A( I2,J3) s 1.0 
A( 12,J4)s"'1.0 

55 CONTINUE 
C WRITING or cONSTRAurrs (7) 
C TAXE-OR ... PAY CONSTRAINTS (7) AND (8) 

00 6 1=1.1m 
Il=6*NH+ I 
12=1'*Nlfto I 
S( IU=1. 

219 



FORTR.M' 

0130 
0131 
0132 
0133 
0134 
0135 
0136 
0131 
0138 

0139 
0140 
0141 
0142 

.0143 
0144 
0145 
0146 
0147 
0148 
0149 
0150 

0151 
0152 
0153 
0154 
0155 
0156 
0157 
0158 
0159 
0160 

0161 
0162 
0163 
0164 
0165 
0166 
0167 
0168 
0169 
0170 
0171 
0112 
0113 
0114-
0175 
0116 
0117 
0178 
0179 
0180 
0181 

IV Gl RELEASE 2.10 MARCOS 

S( 12) :::: l-
J 1=4*NM+ I 
J2=3*NM+ I 
J3=5*NM+2 
A( Il,J1)=-L9 
A( 11. J3) =KMIN 
A(12.J2>=1.0 
A( I2,J1)=-L0 

6 CONTINUE 
c 
C l'lAXIMUM ANNUAL SUPPLIES 
C CONSTRA I NTS (9) AND (un 

C 

11=8*NM+l 
12=8*NN+2 
B( I 1) = SUP 1 T 
B(12)=SUP2T 
S( 11)= L 
S( 12) = 1. 
DO 30 1=I,NM 
J 1=2*NM+ I 
J2=3*NM+ I 
A( I 1 , J 1 ) = 1 .0 
A( I2,J2)=L0 

30 CONTINUE 

DATE :::: 00267 

. r ,.( 

C CONSTRAINTS ON WELL-HEAD AND FIELD-LINE PURCHASES 
11=99 
12=100 
Jl=63 
J2=64 
B( 11) =SUPWHT 
B( I2)=SUPFLT 
S(ll)=I. 
S( 12) = L 
A( I I, J 1) = 1 • 
A(I2,J2)=L 

C CONSTRAINTS ON PRODUCTION 
DO 58 IM= 1 • NM 
1= 100 + 1M 
B( I) =PROC 
S(I)=I. 
Jl=64 + 1M 
J2=17 
A( 19 J 1) = 1 • 
A( I,J2)=-L 

58 CONTINUE 
1= 113 
J=77 
B( I) = DPROM 
S( i) = L 
A( I, J) = 1. 
1=114 
B(I)=-DDG1'*SBP 
S( l) = L 
DO 59 IM=I.NM 
J=64 + 1M 
A( I. J) =- L 

59 CONTINUE 

220 

17/103/08 



FOR.TRA1f IV G 1 BELEASE 2.0 DATE :: ae267 

0182 
0183 
0184 
0185 
0186 

0187 
0188 
0189 
0190 
0191 
0192 
0193 
0194 
0195 
0196 
0197 
0198 
0199 
0200 
0201 
0202 
0203 

0204 
0205 
0206 
0207 
0208 
0209 
0210 
0211 
0212 
0213 
0214 
0215 
0216 
0217 
0218 
0219 
0220 
0221 
0222 

0223 
0224 
022{) 
0226 
0227 
0228 
0229 
0230 
0231 
0232 
0233 
0234 

C CONTRAHIT ON STORAGE EXPANSIO:N 
1= 115 
J=78 
B( I) =DSTCM: 
8(1)=1. 
A(I,J)=L 
CONTRAINT ON TRANSMISSION EXPANSIO:N 
DO 60 IM= I.NN 
1=115 + HI 
B( I) =PTI0 
S( I> = 1-
J 1=24 + 1M 
J2=36 + 1M 
J3=63 
J4=64 
J5=64 + 1M 
J6=79 
A( I, J 1) = 1. 
A( I, J2) = 1. 
A( I, J3) = 1. 
A(I,J4)=L 
A( I, J5) = 1. 
A(I,J6)=-l. 

60 CONTINUE 
C DEMAND REQ.U I REl'1ElITS 

DO 62 I M= 1 9 NM 
1= 127 + 1M 
B( n =DGMT( HD 
S( D=0. 
J 1= 1M 
J2=NM + 1M 
J3=2*NM + 1M 
J4=3*NM + 1M 
J5=63 
J6=64 
J7=64 + 1M 
A( 19 J 1) =- L 
A( I .J2)= L 
A(I,J3)=L 
A( I ,J4)= L 
A(I,J5)=1. 
A( I, J6) = 1. 
A( I. J7) = L 

62 CONTINUE 
C *********************************************************** 
C 

NEQ.=M 
UAXM=150 
NAXN=200 
f'lAXNOD=225 
JlIAXSUR=B 
IFLXBT=t 
I ROUND = 3 
ILOGIC:l 
lGOImY= 1 
ISBND=l 
ITRMAX=300 
IPRINT=0 
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FORTRAN IV Gl RELEASE 2.& DATE == 80267 

0235 
0236 
6231 
0238 
0239 
02401 
0241 
0242 
0243 
0244 
0245 
0246 
0241 
0248 
0249 
0250 
0251 
0252 
0253 
0254 
0255 
0256 
0251 
0258 
0259 
0260 
0261 
0262 
0263 
0264 
0265 
0266 
0267 
0268 
0269 
0270 

0271 
6272 
0213 
01274-
6215 
6216 
6217 
9278 
0279 
02801 
0281 
6282 
6283 
0284 
0285 
0286 
0287 
6288 
0289 
0290 

IRMAX== 1 
NUMEQU=& 
DO 135 I = I , PI 
IF(S( I).EQ.0) NUMEQU=NUMEQU+l 

135 CONTINUE 
ISTATE=01 
ISFEAS=0 
BIG= 1.0El! 
SMALL= 1 .0E-9 
TOL( 1):: 1 .0E-6 
TOL(2)=1.0E-5 
TOL(3)=1.01E-5 
TOL( 4) = 1 .0E-6 
TOL(5)=I.01E-5 
TOL( 6) = 1. 0E-5 
TOL(7)=1.0E-5 
TOL( 8) = 1. 6E-3 
DETERM= 1.6 
CALL FIRSTS 15 
CALL LPCODE 15' 
IF( MNOW . NE. m GO TO (} 15 
IF( ISTATE .NE. 4) GO TO (} 15 
DO 1 I=l.M 16 
IF ( S (I> • Ea. L 6) GO TO 1 16 
GO TO 2 16 

1 CONTINUE 16 
GO TO 9 16 

2 CALL INVERT 16 
CALLF~T~ t6 
DO 4 1= 1, M 16 
HOLD=01.01 16 
DO 3 K=l,M 16 

3 HOLD=HOLD+COL(IO*BINV(K, I) 16 
4> DUAL( I> = HOLD 16 

I S TATE = 4 16 
() CALL OUTPUT 

c************************************************************************* 
C****~********************************************* 

WRlTE( 6,17) 
17 FORMAT(//5X. • CONSTRAINTS VALUES AND DUAL PRICES'///) 

DO 14 I = 1 • NEQ. 
RHS(I)=0. 
DO 15 J= 1, N 
RHS( I> = RHS( l) +A( I, J) *X( J) 

15 CONTINUE 
WRITE( 6,16) I, RHS( I) ,B( I) ,DUAL( I) 

16 FORMAT(2X,'I='.I4,3X, 'RHS=' ,F20.5,3X,'B==' ,F20.5,3X, 'DUAL=' , F20.5) 
14 CONTINUE 

DO 43 I M= 1 t NM 
12=NM+ 1M 
13=2*NM+ 1M 
14=3*NM+ 1M 
!5=4*NM+ 1M 
I6=5*NM+ 1M 
I7=6*NM+ 1M 
18=1*NM+ Hi 
19= 16tH 1M 
VPRO( IM)=DUAL(I9) 
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10291 
10292 
10293 
10294 
6295 
10296 
0297 
6298 
10299 
1031010 
6361 
6362 
6363 
0364 
6365 
6366 
6367 
6368 
63109 
10316 
10311 
6312 
10313 
6314 
6315 
0316 
10317 
10318 
10319 
63210 
10321 
10322 
6323 
10324 
10325 
10326 
10327 
10328 
6329 
63310 
10331 
10332 
6333 
10334-
10335 
6336 
6337 
6338 
6339 
63410 
6341 
6342 
10343 
10344-
10345 
10346 

10347 

1110= 115+ 1M 
VTRAN( lID = DUAL ( I UU 
Il1=127+IM 
VDGMT(IM)=DUAL(Itl) 
VGINS(IM)=DUAL(IMJ 
VGOUS( IM)=DUAL(I2) 
VSMAJ{(IM)=DUAL( (3) 
VSMIN( 1M) ==DUAL( 14) 
VIX( 1M) = DUAL( 15) 
V2X(IM) == DUAL( 16) 
VVV( 1M) = DUAL( 17) 
VSUV( IM)= DUAL( 18) 
PR(IM)=-VDGMT(IM) 
PC(IM)=-VDGMT( 1M) 
PI(IM)=-VDGMT(IM) 

43 CONTINUE 
I 1=8*NM+ 1 
12=8*NM+2 
VS 1 T= UUAL( I 1) 
VS2T=DUAL(I2) 
13=99 
14=11010 
VSWH=DUAL(13) 
VSFL=DUAL( 14) 
15=113 
16= 114 
VPRMX=DUAL( 15) 
VPRMN= DUAL( 16) 
11= 115 
VSTC=DUAL(I7) 
WRlTE(6,210) 

210 FORMAT( IHl.40X, 'OPTIMAL SOLUTION CHARACTERISTICS'/49X,32{ IB*)///) 
DO 1 B 111= 1 , NM 
11= 1M 
12=NM+IM 
13= 2*NM+ 1M 
14=3*NM+ 1M 
G I NST( 1M) = X( I 1) 
GOUST( 1M) =X( 12) 
FSN(IM)=GOU8T(IM)-GINST(IM) 
SUPH no =X( 13) 
SUP2( 1M) =X( 14) 

18 CONTINUE 
15=5*Nl'1+ 1 
16=5*NM+2 
SUPMXl=X( 15) 
SUPMX2= X( 16) 
DAYMXl ::: SUPMKl/30. 
DA YMX2 ::: SUPMX2/30. 
WRITE(6,6999) 
WRlTE( 6,21) SUPMXl t DAYKXl 
WRlTE(6,7000) 
WRlTE( 6.21) SUPMX2, DAYMX2 

6999 FORMAT(//' CONSOLIDATED • / 
10010 FORMAT(' PANHANDLE' / ) 

21 FORMAT( //oX, • MAXIMAL MONTHLY SUPPLY:: 9 ~ F10.2/ ,oX, 'MAXIMAL DAILY SUP 
1 PLY::: , .F10.2//) 

DO 63 IM= 1,NM 
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0348 
0349 
0350 
0351 
0352 
0353 
0354 

0355 

0356 
0357 
0358 
0359 
0360 
0361 
0362 
0363 
0364 
0365 
0366 
0367 
0368 

0369 
41370 
0371 
0312 
0373 
0374-
0315 
0316 
41377 
0378 
41379 
0380 
0381 
0382 
0383 

0384 
0385 
0386 
0387 
0388 
0389 
0390 
0391 
0392 
0393 
0394 
0395 
0396 
0397 
0398 

11=48 + 1M 
12=64 + 1M 
SUPV( 1M) =X( 11) 
PROD( no = X( 12) 

63 CONTINUE 
DO 19 IM= 1 ,NM 
WRITE(6,65) IM,FSN( no ,SUPH un ,SUP2( 1M.> ,SUPV( 1m ,PROD< nn ,OOMI'( 1M: 

1) 

65 FORMAT( IX,'IM=', 13,2X, 'FSN=',F9.2,2X, 'SUPl=' ,F9.2,2X, 'SUP2=' ,F9.2, 
12X. • SUPV= 9 ,F9. 2. 2X, 'PROD= ' ,F8. 2, 3X, 'DGMT=' ,F9. 2) 

19 CONTINUE 
11=63 
12=64 
13=77 
14=78 
15=19 
SUPWH= X( I 1 ) 
SUPFL=X( 12) 
DPRO=X( 13) 
DSTC=X( 14) 
DPTl=X( 15) 
WRlTE(6.66) SUPWH.SUPFL,DPRO,DSTC,DPTI 

66 FORMAT(////10X,·SUPWR=',F10.3/10X,'SUPFL=',F10.3/10X,'DPRO=',F19.3 
1/10X,'DSTC=' ,F10.3/10X,'DPTl=',F10.3//) 

DCBT =(DCl*SUPMXl + DC2*SUPMX2)*e.4 
CCHT=0. 
CST=0. 
WCST=0. 
DO 22 I M= 1 • NM 
CCHT=CCHT+SUPl(IMl*CCl + SUPV(IM)*CC2 
CST= CST+(GINST( IM)+GOUST( IM»*CS 
IF( IM.GE.8) WCST=WCST+WTOT*SUPl(lM.> 

22 CONTINUE 
DCHTS=-DCBT/OBJ 
CCHTS=-CCHT/OBJ 
CSTS=-CST/OBJ 
WCSTS=-WCST/OBJ 
WRl TE( 6 • 23) DCBT, DeBTS, CClIT, CCHTS, CST, CSTS , WCST, wesTS 

23 FORMAT(//10X. 'TOTAL DEMAND CHARGE=',3X,F15.2,5X, 'OR' ,F10.5,3X, 'OF M 
HUN I MUM COST' / 10X, 'TOTAL COIDIODITY CHARGE:::' ,FI5. 2, 5X, 'OR' ,FI0. 5, 3X, 'OF 
~:, 'OF MINIMUM COST'/10X, 'TOTAL STORAGE COST=' ,4}{,F15.2,5X, 'OR' ,F10. 
~5.3X, 'OF MINIMUM COST'/10X, 'TOTAL WINTER CHARGE:::' ,3X,F15.2,5X, 'OR' 
4,F10.5,3X,'OF MINIMUM COST'///) 

STCAP=STCO+DSTC 
A1=AIO*STCAP*RMIN 
A2=A20*STCAP*RMIN 
B 1 = B 10*STCAP 
B2=B20*STCAP 
GSTOR( 1) =0. 
DO 24 IM=2,NM 
GSTOR( IM)=GSTOR( IM-1)+GINST(IM-1)-GOUST( 1M-I) 
RSTOR( no = (GSTOR( rID /STCAP) +RMIN 

24 CONTINUE 
HRITE(6,25) 

25 FORMAT(//10X, 'SUMMARY OF MONTHLY STORAGE GAS FLOWS AND STOCKS'//) 
GINTI=0. 
GOUTT=0. 
DO 26 IM.= 1 • NM 
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0399 
0400 
0401 
0402 
0403 

0404 

0405 
04106 
04107 

0408 
0409 
04110 
0411 
10412 

0413 
0414 
10415 
10416 
0417 
10418 

0419 
0420 
0421 
0422 
0423 
0424 
0425 
0426 
0427 
0428 
0429 

0430 
0431 
0432 
0433 
0434 
0435 
10436 
0437 
0438 
0439 

RELEASE 2.0 

GIN'IT=GINTT+GINST( no 
GOUTT=GOUTT+ GOUST( lID 
GlMAX(IH)=AI0*~~TOR(IM) + At + Bl 
GOMAX( 1M) =A20*GSTOR( 1M) + A2 + B2 

DATE = 00267 

WR I TE( 6 • 21) 1M, GSTOR( 1M). RSTOR( un ,G I NST( HI) ,G lHAX( lID, GOUST( HD , 
IGOMAX( 1M) 

27 FORMAT( IX,'IM=',I3,2K,'GSTOR='.F10.2,2X,'RSTOR=',F10.2,2X,'GINST=' 
l,F10.2,2X, 'GIMAX=',FI0.2,2X, 'GOUST=' ,F10.2,2X, 'GOMAX=',FI0.2) 

26 CONTINUE 
WRITE(6,49) GINTT,r..oUTT 

49 FORMAT(/10X. 'YEARLY FLOW INTO STORAGE=' ,F12.2/10X, 'YEARLY FLOW OUT 
1 OF STORAGE='.FI2.2) 
WRITE(6,44) . 

44 FORMAT(///40X,'DUAL VALUES SUlRUffiY'/4eK,20(lH*)////) 
DO 45 I H= 1 , NM 
WRITE(6,46) IM,VGINS(IM),VGOUS(IH) ,VSMAX(IM) ,VSMIN( 1M) 

46 FORMAT( lX, 'IM=',I2,2X,'VGINS='.F10.3.2X, 'VGOUS=' 
l.F13.5,2X, 'VSMAX=' ,Flt.3.2X, 'VSMIN=' ,Fl1.3) 

45 CONTINUE 
WRlTE(6,48) 

48 FORMAT(//10X,80(lH*)//) 
DO 47 I M= 1 , NM 
WRITE(6,51) IM,VIX(IM),V2X(IID,VVV(IM),V8UV(IM),VDGMT(IID 

51 FORMAT( IX. 'IM=',I2,2X,·VIX=',F10.3,2X,'V2X=',F10.3,2X,'VVV=',F13.3 
1, 2X •• VSUV= •• F 10.3 9 2X. • VDG.MT= • ,}' 10.3) 

47 CONTINUE 
WRITE(6,50) VSIT,VS2T 

50 FORMAT(///10X,'VSIT=·,F15.5/10X,'VS2~',F15.5//) 
WRlTE(6,48) 
DO 67 HI=!. NM 
WRITE(6.68) IM,VPRO( IM),VTRAN( 1M) 

68 FORMAT( 15X,'IM=',I3,3X,'VPRO=',F15.5.5X,'VTRAN=',F15.5) 
67 CONTINUE 

WRITE(6,48) 
WRlTE( 6,69) VSWH, VSFL, VPRMK, VPIlMN, VSTC 

69 FORMAT(///lX,'VSWH=' .F10.3,3X,'VSFL=',F10.3,3X,'VPRMX=',F10.3, 
13X,'VPRMN=·,F10.3,3X,'VSTC=',F10.3//) 
CRF=0.1241 
PIS=DPRO*CIP + DSTC*CIST + DPT1*CIPTl 
onc 1 = -OBJ-PIS 
NEWPIS=PIS/CRF 
DGT=0. 
DO 501 IM= 1,NM 
DGT= DGT+ DGl'rf( 1M) 

501 CONTINUE 
WRITE(6,500) PIS,NEWPIS,OMCl,DGT 

500 FORMAT(//80( iU*)//5X,'TOTAL INVESTMENT IN PRODUCTION,STORAGE AND T 
tRANSMISSION CAPACITY'//15X,'ANNUALIZED COST PIS=',F15.2/15X,'TOTAL 
2 DISCOUNTED COST NEWPIS=',F15.2///5X,'PURCHASES, PRODUCTION AND ST 
30RAGE OPERATING COSTS OMe1=' ,F15.2//5X, 'TOTAL ANNUAL GAS DEnAND (M 
4~~F) DGT=',F15.2//80(lH*)///) 

RETURN 
END 
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0001 

0002 
0003 
0004 
0005 
0006 
0007 
0008 

0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 

0028 
0029 
0030 

0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 

0048 
0049 
0050 

0051 
0052 

RELEASE 2.0 LOAD DATE ::: 00267 

SUBROUTINE LOA.D( BLR, BLe. BLI 9 SLR, SLC,SLI, Rl1R,RMC,run ,DDM, PAVe, 
IPR,PC.PI.ELR,ELC,ELI,DGMR,DGMC,DGMI,DGMT,D~ 

IMPLICIT REAL*S(A-H,o-Z) 
DI~ffiNSION DDM( 12),PR(12),PC(12),PI( 12),ELR(t2),ELe(12),ELI(12) 
DI~mNSION DGMRO(12),DGMCO( 12),DGMIO( 12),DGMTO( 12) 
nlMENSION DGMR( 12),DGMC( 12) ,DGMI(12) ,DGMT(12) 
NM= 12 
v,RITE( 6, 1) 

1 :FORMAT(//20X, 'SUBROUTINE LOAD--GAS MARKET CHARACTERISTICS'/20X,45( 
lIB:::) //) 
~.RITE( 6.37) 

37 F'ORMAT(////10X, 'GAS DEMAND PATTERNS'//) 
',RITE( 6,40) 

40 FORMA T( / / /2X, • BASE DEMAND (mICF) '/ /) 
DGI+ffiTO=0. 
DGMCTO=0. 
DGMITO=0. 
DGMTTO=0. 
DO 33 I M= 1 , NM 
DGrmO( IM)=(BLR+SLR*DDM(IM»*«PAVG/PR(IM)**(-ELR(IM)) 
nGMCO( IM)=(BLC+SLC*DDM( IM»*«PAVG/PC(IM»**(-ELC(IM») 
DGMIO( IM)=(BLI+SLI*DDM( UO>*«PAVG/PH IM»**(-ELH 1M») 
DGMTO( IM)=DGMRO( IM)+DGMCO( IM)+DGMIO( 1M) 
tGMRTO=DGMRTO+DGMRO( 1M) 
DGMCTO=DGMCTO+DGMCO(IM) 
DGMITO=DGMITO+DGMIO( 1M) 
DGMTTO=DGMTTO+DGMTO( 1M) 
l-IRITE( 6, 3S) 1M. DGMRO( HO ,DGMCO( 1M) ,DGMIO( 1M> ,DGMTO( 1M) 

as FORMAT(' MONTH= • , 14, • DGMRO=' ,F 10.2 9 ' DGMCO=' ,F 10. 2 ~ , DGKI 
lO=',F10.2.4X,'DGMTO=',F10.2) 

33 CONTINUE 
l-IRITE( 6,39) DGMRTO. DGMCTO, DGMITO, DGMTI'O 

39 FORMAT(//3X,'TOTAL', 7X, 'DGMRTO=',Fll.2, , DGMCTO=',F9.2,2X,'DG 
1 rl I TO= • ,F 10 . 2, ' DGMTTO • • F 1 1 . 2//) 

wRITE(6,34) 
34 FORMAT( / / / / /2X, • FORECASTED DEMAND (MMCF) , / /) 

DGMRT=0. 
DGl'ICT=0. 
DGMIT=0. 
DGMT'T=0. 
DO 64 Hi= 1 • NM 
DGMR( IM)=( 1.+RMR)*DCMRO( 1M) 
DGMC( IM)=( 1.+RMC)*DGMCO( 1M) 
DGMI ( HO = ( 1. +RMI) *DGMIO( Hn 
DGMT( IM)=DGMR(IM)+DGMC(IM)+DGMI( 1M) 
DGMRT=DGMRT+DGMR(IM) 
DGMCT=DGMCT+DGMC( 1M) 
DGM I T= DGM I T+ DGMT( nn 
DGMTT=DGMTT+DGMT( 1M) 
WRlTE(6,32) IM.DGMR( IM),DGMC( IM),DGMI(IID,DGMT(IMl 

32 FORMAT(' MONTR=',I4,' DGMa =',F10.2,· DGMC =',F10.2,' DeMI 
1 =' .F10.2.4X, 'DGMT =',FI0.2) 

64 CONTINUE 
WRlTE(6,42) DGMRT,DGMCT,DGMIT,DGMTT 

42 FORMAT( //3X, • TOTAL' , 7X, 'DGMRT =' ,Fit. 2, ' DGMCT =' ,F9. 2,2:&, • DC 
UU T =' ,F 10 . 2. • DGMTT', F 1 1 . 2//) 
DDGT=~m*DGMRTO+RMC*DGMCTO+RMI*DGMlTO 
WRITE(6,31) DDGT 
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0053 
0054 
0055 

31 FORMAT(//10X, 'TOTAL DEMAND INCREMENT (MMCF)' ,FJ9.2///) 
RETURN 
END 
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0001 
0002 
0003 
0004 
0005 
0006 
0007 

0008 
0009 
0010 
0011 
0012 
0013 

0014 
0015 
0016 
0017 
0018 
0019 
0020 

0021 
0022 
0023 
0024 
0025 
0026 
0021 
0028 
0029 

0030 
0031 

SUBROUTINE D IST( DGMT, I11P, PEAK, CMPT2, NPT2, CMPD, NPD) 
HlPLICIT REAL*fHA-H,o-Z) 
DIMENSION DGMT( 12) 
REAL NPT2, NPD 
WIlITE( 6 .1) 

1 FORMAT( IH1,40X, • OUTPUT OF SUBROUTINE DIST'/40X,2S( IH=)////) 
CHF=0.1241 

C DBTERMINATION OF TIlE PEAK MONTH (IMP) 
PBAK=0. 
DO 1 IM= 1 • 12 
IF( PEAK. GT. DGMT( lID) GO TO t 
PI':AK= DGMT( lID 
nIP= 1M 
CONTINUE 

C Ct"LCULATION OF FINAL LOAD-RELATED TRANSMISSION PLANT PT2 
PT20=B8500. 
U'( PEAK. GT. PT20) GO TO 2 
Cl'IPT2=0. 
NPT2=0. 
(XI TO 3 

2 C~WT2=216.30822 
NfT2=216.30B22*(PEAK-PT20)/CRF 

C C/LCULATION OF FINAL LOAD-RELATED DISTRIBUTION PLANT PD 
3 Pf'O=59081. 

U'( PEAK. GT. PDO) GO TO 4 
crWD=0. 
NID=0. 
GO TO 5 

4 CNPD=1954.964 
IU'D= 1954.964*< PEAK-PDO) /CRF 

5 ~ldTE(6,6) IMP,PEAK,CMPT2,NPT2,CMPD,NPD 
6 FCRMAT( /10X, • PEAK MONTH= ' , 

t J.q',3X, • PEAK LOAD=' ,F10.2//10X, 'TRANSMISSION MARGINAL COST=' ,F12.3, 
25}~.'NEW TRANSMISSION PLANT=',F15.2//10X, 'DISTRIBUTION MARGINAL COS 
3T=',F12.3,5X,'NEW DISTRIBUTION PLANT=',F15.2/////) 

ru:TURN 
EI",D 
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10091 

9992 
91093 

010104 
109105 
1010106 
10907 
109108 
1010109 
10919 

eel t 
9912 

9913 
101014 
101015 
101016 
101017 
01018 
10619 
09210 
91021 
10922 
9923 
91024 
101025 
10926 
101027 
101028 
10929 
101039 
101031 
9932 

10933 
101034 
9035 
10936 
101037 
91038 

10939 
0949 
91041 
91042 

RELEASE 2.0 EVALI DATE ::: 88267 

SUBROUTI NE EV AI.. 1 ( IMP, PEAK, Dmrr, ELR, ELC , EL I , DGMR, DGMC 9 OOMI , P AVG, 
IIJGT,X,NETPIS,ALLROR.CRS,CCS,CIS,CRST,CCST,CIST,CST,PS,TS) 

HlPLICIT REAL*8( A-H, o-Z) 
DP1ENS ION DGHR( 12) ,DGMC( 12) , DGMH 12) ,OOMT( 12) ,ELR( 12) t ELC( 12) t 

tELI( 12) ,CRS(12) ,CCS(12) ,CIS( 12) 
RE.'lL NETP IS 
NII1:: 12 
FL:=DGT/( 12. *PEAIO 
WRITE(6.19) 

10 FO'llMAT( IHl.410X, 'OUTPUT OF SUBROUTINE EVALP/40X,26( IH=)////) 
WRITE(6,t) IMP,PEAK,FL,DGT 

1 FOHMAT(////10X,'GAS CONSUMPTION EVALUATION CRlTERIA'/t0X~a5(IH*)// 
1/2·}X, 'PEAK MONTH=' , 13/20X, 'PEAK LOAD (IDICF) =' .FIO. 2/20X, • LOAD FACT 
20R.;' ,FH. 4/20X, 'TOTAL GAS CONSUMPTION:', F 12. 2////) 

HRITE(6,2) PAVG,X 
2 FORMAT(20X, 'AVERAGE VOLUMETRIC RATE=',Fle.3/26X,'ACHIEVED GAS SALE 

IS [REVENUE='. F 15.2// /) 
WRITE(6,3) 

3 FOaUiAT(///10X,'EFFICIENCY CRlTERIA'/10X,19(IH*)///) 
CR!3T=0. 
CCST=0. 
CIST=O. 
DO 5 IM= 1, NM 
El=I./(l.+ELR(IM» 
E2~1./(I.+ELC(IM» 
E3.: I • / ( I • + EL H HI) ) 
FI::1./El 
F2:: I. /E2 
F3:: I. /E3 
CRS( no =DGMR( 1M) *< PAVG**( -ELR( nn » *El*< ( 10000. **Fl> -( PAVG**F 1) 
CC:;( HD =DGMC( 1M) *< PAVG**< -ELC( 1M») *E2*( ( 10000. **F2) -( PAVG**F2) ) 
C ILH HI> =DGI'1I ( 1M) *( PAVG**< -ELI( 1M») *E3*( ( 10900. **F3) -( PAVG**F3» 
CRBT=CRST+CRS< 1M) 
CC~;T=CCST+CCS( 1M) 
CIGT=CIST+CIS(IM) 
WRlTE(6,4) IM,CRSCIM) ,CCS( 1M) ,CIS( un 

4 FOKMAT(3X, 'MONTH=',I3,3X, 'RESIDENTIAL SURPLUS=',F15.0,3X.'COl'~CI 
tAL SURPLU8='.F15.0.3X,'INDUSTRIAL SURPLUS=',F15.0) 

5 COIiTINUE 
CST=CRST+CCST+CIST 
P8=ALLROR*NETPIS 
TS=CST+PS 
WR[TE(6,6) CRST,CCST,CIST,CST 

6 FOHMAT(///3X, 'TOTAL RESIDENTIAL SURPLUS' ,FI5.0/3X, 'TOTAL COIDIERCIA 
l.L nURPLUS', F 15. 0/3X, 'TOTAL INDUSTRIAL SURPLUS', F 15. 0/ax, ' TOTAL CON 
28m-lER SURPLUS' • F 15.0/ /) 

WRlTE(6,7) PS,TS 
7 FOH.MAT(///3X, 'PRODUCER SURPLUS' ,F15.0//ax, 'TOTAL SURPLUS' ,F15.0//) 

RETURN 
END 
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0001 

0002 
0003 

0004 
0005 
0006 
0007 
0008 
0009 
0019 

0011 
0012 

0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 

0026 

0027 

0028 
0029 
0030 
0031 
0032 

0033 
0034 

0035 
0036 
0037 
0038 
0039 
0040 
0041 

0042 
0043 
0044 
0045 

RELEASE 2.0 EVA.L2 DATE ::: OO~7 17/05/08 

SUBROUT I NE EV AL2( I YiP t PEAK, BLR, BLC 9 BL I , SLR, SLC , SL I , DDM, DGMR, DG"f'IC 9 

IDGrlI ,DGMT,DGT,PR,PC,PI.ELR,ELC.ELI ,PAVGE,XE. NETPIS, ALLROR,CRS , 
2CCE', CIS, CRST.CCST, C 1ST, CST, PS, TS, PAVG, rum, rolC, ron) 

IMPLICIT REAL*8(A-H,o-Z) 
DH':ENS ION DDM( (2) • DGMR( 12) • DGMC( 12) ,DGMH 12) ,DGMT( 12) t PR< 12) ,PC( 12 

1) ,P H 12) ,ELR( 12) • ELC( 12) I ELI< 12) ,CRS( 12) • CCS( 12) I C IS( 12) 
REAL NETPIS 
NM= 12 
FL=DGT/(12.*PEAK) 
WRITE(6, HH 

10 FOFMAT( IH1,40X,'OUTPUT OF SUBROUTINE EVAL2'/40X,26( IH:::)////) 
WRITE( 6,1) IMP I PEAK, FL, DGT 

1 F'OfllAT(////10X, 'GAS CONSUMPTION EVALUATION CRITERIA'/lOX,35( IH*)// 
1/2CX,'PEAK MONTH=',I3/20X,'PEAK LOAD (MMCF)=',F10.2/20X,'LOAD FACT 
20R=' ,F8.4/20X. 'TOTAL GAS CONS~WTION:::',F12.2////) 

WRITE(6,2) PAVGE,XE 
2 FOFMAT(20X,'THEORETICAL EQUILIBRIUM VOL~mTRIC RATES=',F10.3/ 

120X,'EQUILIBRIUM GAS SALES REVENUE REQUIREMENT=',F15.2////) 
WRlTE(6,3) 

3 FOPMAT(///10X, 'EFFICIENCY CRITERIA'/10X, 19( IH*)///) 
CRST=0. 
CCST=0. 
CIST=0. 
DO 5 IM= 1. NM 
E 1 = 1. / ( 1. + ELR( nn) 
E2=1./( 1.+ELC(IM» 
E3 = 1 • / ( 1 • + EL l( 1M) ) 
Fl=1./El 
F2=1./E2 
F3=1./E3 
CRS( IM)=(BLR+SLR*DDM(IM)*(PAVG**(-ELR(IM))*El*«10000.**Fl)-

1< PR( 1M) **F 1) ) *( 1. +R11R) 
CCS( nD = (BLC+SLC*DDM( 1M» *( PAVG**( -ELC( HO» *E2*« 10000. **F2)-

1 (PC( 1M) **F2) ) *< 1. +RMC) 
C IS( 1M) = (BL I+SLI*DDM( 1M) ) *< PAVG**( -EL I( 1M») *E3*( ( 10000. **F3)-

l( PH 1M) **F3) ) *< 1. +RMI> 
Cru:;T=CRST+CRS( no 
CCbT=CCST+CCS(IM) 
CI5T=CIST+CIS( 1M) 
WRITE( 6,4) 1M, CRS( no ,CCS( no ,C IS( 1M) 

4 FOPMAT(3X, 'MONTII=' , I3,3X, 'RESIDENTIAL SURPLUS:::',F15.0,3X,'COMMERCI 
tAL SURPLUS=',F15.0,3X.' INDUSTRIAL SURPLUS=',F15.0) 

5 CONTINUE 
CS1'=CRST+CCST+CIST 

C CAlCULATION OF ACTUAL GAS SALES REVENUES--XA 
XA=0. 
DO 8 IM= 1. NM 
XA=XA+DGMR( IM>*PR( IM)+DGMC(IM)*PC(IM)+DGMI(IM)*PI( 1M) 

'8 CONTINUE 
DF=XA-XE 
WRITE(6 t 9) XA.DF 

9 FOHHAT< /5X. 'ACTUAL GAS SALES REVENUES=', F 15.2/ /5X, 'GAS SALES REVEN 
tUE SURPLUS (+) OR DEFICIT (-):' ,FI5.2///) , 
PS=ALLROR*NETPIS+DF*0.5176 
TS=CST+PS 
WRITE(6,6) CRST,CCST,CIST,CST 

6 FOEMAT(///5X, 'TOTAL RESIDENTIAL SURPLUS' ,FUL0/5X, 'TOTAL COMMERCIA 
lL SURPLUS',F15.0/5X,'TOTAL INDUSTRIAL SURPLUS',F15.0/5X,'TOTAL CON 
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FORTRAN IV Gl RELEASE 2.0 EVAL2 DATE ::: 80261 

0046 
0041 
0048 
0049 

2SUYER SURPLUS',F15.0//) 
WRlTE(6,1) PS.TS 

1 FORMAT(///5X.'PRODUCER SURPLUS',F15.0//5X,'TOTAL SURPLUS',F15.0//) 
RE1URN 
END 

231 



FOR'I'RAJ'{ IV Gl 

01001 
01002 
00013 
0101014 
01065 
0101016 
0110011 
010018 
0110019 
0101101 
00111 
010112 
010113 
0014 
01915 
010116 
0917 

0018 
0019 
0020 
6021 
9922 
01923 
01024 
010125 
6026 
0021 
6628 
010129 
01039 
60131 
01632 
00133 
010134 
01935 
90136 

010137 
010138 
01039 
0101401 
010141 
01642 
0043 
01944 
0045 

01946 

9047 

0048 
0049 

010150 
0051 

RELEASE 2 .. 9 REVREQ. DATE :: 00267 

SUBROUTINE REVREQ,(ALLROR,NEWPIS,DGT,OMC1,X,PAVG,NETPIS) 
IMPLICIT REAL*8(A-H,O-Z) 
REAL NEWPIS,NETPIS. INVTXC 
WRITE(6,2) 

2 FORMAT(////49X,'OUTPUT OF SUBROUTINE REVREQ.'/4eX,27(lH::)////) 
ATPIS=0.e3625 
PISBEG=617338511. 
DEPAVG=e.e2939 
TAPOO=2246ge519. 
APDf=0.82528 
REPPIS=ATPIS*PISBEG 
TOTPIS=PISBEG+REPPIS+NEWIS 
DEP8XP=DEPAVG*TOTPIS 
TAPO=TA~DO+A~DF*DEPEXP 
NETPIS=TOTPIS-TAPD 
WRITE(6,3) REPPIS,TOTPIS,DEPExr,TAPD,NETPIS 

3 FOR.l'lAT( / / lOX, • REPP IS= ' 9 F 15.3/ 10X, 'TOTP IS= ' t F 15.3/ lOX, • DEPEXP= 9 ,Fl5 
l.3/10X, 'TAPD=',F15.3/10X,'NETPIS=',F15.3///) 

REVfXR= 01 • 014 1454 
A3= (). 602288 
A4=f:).062915 
COl'B=209.48495 
PRP fXR=e. 0121 
PAYI'XR=e.e3 
FEDITR=e.46 
A5='3.3 
A.6 =).01759 
A7::[).1 
OOP REV= A3*TOTP IS 
ONUINC=A4*TOTPIS 
OMC2= DGfiCOM2 
ACOPEX=OMC1+0MC2+DEPEXP 
PRPTAX=PRPTXR*NETPIS 
PAYfAX=PAYTXR*OMC2 
INVTXC=A7*(NEWPIS+REPPIS) 
WRITE( 6,4) OOPREV, ONU INC, OMC2, ACOPEX, PRPTAX, PAYTAX, INVTXC 

4 FOIVtAT(//lex. 'OOPREV=' ,FI5.3/l0X, 'ONUINC=' ,F15.3/10X,'OMC2::' ,Fl5.3 
1/1~K.·ACOPEX=' ,F15.3/IeX.'PRPTAX=' ,Ft5.3/10X,'PAYTAX=',FI5.3/10X, 
2' INVTXC=' ,F15.3//) 
X0=~5*DEPEXP+A6*TOTPIS 
Xl=~LLROR*NETPIS 
X2= FED I TR*X0+ I NVTXC 
X3::(Xl-}{2)/( 1.-FEDITR) 
X4=t\COPEX+PRPTAX+PAYfAX 
X5= (X3+X4) /( 1. -REVTXR) 
X6=)OPREV+ONUINC 
'WR I 'fE ( 6 • 5) X0, Xl. X2 , X3 , X4. X5 9 X6 

5 FORt1AT( 10X, 'XO:' ,F15.3/i0X, 'XI=' ,FI5.3/1ex, 'X2=' ,FI5.3/ 
110X, 'X3='.F15.3/10X, 'X4='.FI5.3/10X, 'X5=',FI5.3/10X,'X6::·.FI5.3//) 
X=X3-X6 

C X 1;3 THE GAS REVENU~ REQU I REMENT 
PAVG=x/DGT 

C PAY:; IS THE AVERAGE VOLUMETRIC GAS RATE 
WRI'fE( 6, n NEW IS, DGT, OMC i, X, PAVe 

1 FORt1AT(//leX,·~EwpIS=·.F15.3/10X.'DGT=·,Ft5.3/10X,'OMCl=',FIS.3/10 
IX, 'X=',F15.3/10X. 'PAVG=' ,F10.3///) 
RETURN 
END 
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APPENDIX F 

SAMPLE OUTPUT OF THE GUMCP MODEL 

The purpose of this appendix is to present a sample output of 
the GUMCP model developed and applied in chapter 4. This output 
includes (1) the basic data assumptions, (2) the results of the 
average cost pricing policy, and (3) the results of the first itera­
tion of the marginal cost pricing equilibrating procedure. 
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N 
W 
-P-

SUMMARY OF BASIC DATA ASSUMPTIONS 
**********************~********************************~************************************** 
*************************************************************************************************l~ 

RATES OF l1ARKET CROwrn 
IU~S I DENT I A.L= O. :;0 
Corll'tER(; IA.L 0. ')0 
INDUSTIUAL = 0.:;0 

nONTHLY DEMAND ELASTICITIE; 

RES I m:rn I AL -').50 -8.50 -0.50 -0.50 -0.50 -0.50 -0.50 -o.~o -0.50 -6.50 -0.50 -8.50 
(;UNl1EHC I A.L -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 -0.50 
INDUSTHIAL -0.50 -0.50 -0.50 -0.58 -0.58 -0.50 -0.50 -0.58 -0.50 -0.50 -0.58 -0.50 

BASE- A1m SPACE-HF..ATING LO.\D COEFFICIENTS 

ru:,'" I DENT I AL 
COMMERCIAL 
iNDUSTRIAL 

3203.742 
1516.625 

10179.266 

JllEAN DEGREE DAYS DATA 

AVG. ANNUAL TOTAL DEGREE DAYS= 6258.0 

248.2 MONTm.Y DEGREE DAYS= 506.6 

SUPPLY CHARACTERISTICS 

SUPIT= 
SUI'2T= 
SUPWJIT= 
S1JPFLT= 
cel= 
DCI= 
WIlC= 
CC2= 
DC2= 
KMIN= 
CWU= 
CFL" 

20000'). 
50000'). 

2(1)0. 
25(10. 

1202.480 
908.000 

8.075 
100~.288 
1868.880 

0.75') 
787.000 

1481.000 

50.5 

23.912 
9,104 
3.567 

11.0 18.9 120.5 371.6 712.6 1071.6 1207.7 1046.3 892.5 



N 
W 
l.n 

PRODUCTION CHARACTERISTICS 

DPROM= 
corlP= 
C 11'= 
SRr= 

300('1. 
921. 12(~ 

1439U.109 
0.100 

STORAGE CHARACTERISTICS 

OOTeM= 
CS= 
CIST= 

10000", 
33.230 

50,000 

TRANSMISSION INVESTMENT CIPTl= 

RATE OF RETURl'{ ALLROR= 

232.840 

9.121 

BASE AND AVERAGE COST PRICING ANALYSIS 

******~************************:~************)/:)/:*****:t:********************************************~* 
*******************************.,:************************~******************~******************:(-*** 

SUBROlITlNE LOAD--GAS MARKET CHARACTERISTICS 
=====~==========~======================.===== 

GAS DE11AND PA'ITERNS 

BASE DE11AND (JmCF) 

MONTH:: 
MONTH= 

1 
2 

DGMRO= 13317.56 
DGMRO:: 9138.70 

m~l'1CO= 
m;l'1Co= 

6128.71 
3776.24 

DGMIO= 11986.31 
DGMIO= 11064.60 

DGJIfI'O: 33432.59 
OOtrro= 23979. 53 



N 
w 
0'1 

MONTI1= 3 DGI'ffiO= 4411.39 n.;MCO:z 1976.38 DGMIO= 19359.40 DGI'ITO= 
MONTH::: 4 DGrmO= 3466.77 D(~MCO= 1616.77 D~:;MIO= 1621H.59 DCm'():: 

MONTH:: 5 Ilcrmo= 3655.60 Dj~MCO= 16RB.69 O(;~II ()= 10246.66 HCm'()= 
MONTI!= 6 m;l'lHO= 60B5. 14 D(~MCO= 2613.66 OGNIO= 10609.09 DOITO= 
MONTI!= 7 IH;~IHO= i20H9.44 OQ~MCO= 4f199.67 l)(;rIIO= IHHH.76 J)(;nl'O= 
MONTII= U 1l(;1'1II0= 20243.44 Di~MC()= 6004.14 l)(;NIO= 12721. II J)(;rrm= 
MONTH= 9 IlGl'!II0= 2BII27.B!'i D(:I"ICO= t1272.47 D(;mO= 14001.66 BCNTO= 
MONTI!= 10 DG~UlO= 32HB2.27 D(;MCO= 12511.5a H(;rII 0= 144U7.I:J BCl'rI'O= 
NONTII= 11 lJG rtlW = 26222.67 DI;MCO= t 1042.14 mall 0= 13911.42 1)(;rrl'O= 
MO NTI.! = 12 DGMHO:: 24545.20 DI;MCO= 9641. 95 DGNIO= 13362.Ul DGnm= 

TOTAL DGMRTO= 166066.22 HGMCro= 75172.34 DGl'IITO= 1444',3.48 DGm"m 

FORECASTED DEl'lAND (l"II'ICF) 

I'IONTJI= 1 DGI'ffi 22976.35 I)(;MC 9193.07 DGMI 17979.46 DGMT 
MONTH= 2 DGr-m 13706.05 DI:MC 5664.36 O(iNI 16596.09 ()mrl' 
MONTH= 3 DGMH 6616.95 D(:MC 2964.57 D(im 155:J'}. 10 [)C;r1T 
MONTH= 4 DGMIt 5200. 16 Dt:MC 2425.15 lHiNI 15:427.75 Hmfl' 
MONTH= () DGr-m 5403.52 Dt:MC 25aa.04 HeiNl 15a70.02 non' 
MONTH= 6 DGMH 9127.71 DI:I'IC 3920.4') miN I 15'H3.6a m:nl' 
MONTI!= 7 UGI'ffi 101:J4.17 D~:MC 7349.51 J)(iNI 17257.14 IH;rrr 
MONTH= 0 nGrm 30:J65.16 D(;MC 12006.20 H(:NI 190UI.67 D(;rrl' 
MONTII= 9 J)(;~m 4a241.77 l)j:r-IC 16900.71 nCNI 21002.50 Dmn' 
MONTH= 10 m;rm 40123.40 D(;MC 10767.29 DGrl1 217aO.70 l .. ;rrl' 
MONTII: 11 ()eM 42a34.31 [)(:MC 16563.21 lH:m 20B67.1:1 m:m' 
l'lONTI.!= 12 DGMH 36617.81 Dt:MC 14462.92 DC~II 20044.22 Dcm' 

TOTAL DGMHT 202129.34 HGMCT = 112750.50 DGMIT = 216710.22 DemT 

TOTAL DEMAftD INCREMENT (l"IM(:F) 203866.02 

OUTPUT FROf'J SUBROUTINE PlARCOS 
========::============================= 

EXISTING MONTHLY PRODUCTION CAPACITY PROC= 

EXISTING MONTHLY TRANSMISS10N CAPACITY PT10= 

947.667 

55000.000 

16747.97 
15302.05 
15591.05 
19:J07.US 
2()49:l.UB 
40'}6B.6U 
5410t.9H 
590UO.92 
53176.43 
47549.96 

407732.04 

50146.BfI 
35969.30 
2512".61 
2295;).07 
23:JH6.5U 
20961, n:J 
4274".02 
61453.03 
HI15:.L97 
U0621.39 
79764.65 
71324.94 

611590.06 



N 
LV 
'-.J 

OPTInAL SOLUTION 

oru -693263199.7 ISTATE 4 ITEP.ATIOl'fS 96 DETERPUNAlIT -7.85810 IlWEAS o l'UNTO 6 NOUTOF o 

N 79 NCOL 67 M 139 MNOW 139 ISFEAB 

X VECTOR 

t IRCl'IT 

SLACK 

2617.74357 
9.9 

24:J81 .54004 
15557.07379 
:J6525.54611 
36525.54611 
15557.07370 

1690.00390 

VECTOn 
1734·4.90332 
17449. :17717 

0.0 
15(51), 07 179 
57079.29789 
15557.07370 
12175. W204 

0.0 
12175.18204 

0.0 
0.0 
0.0 

23464.77135 
0.0 

DUAL VECTOR 
0.0 
0.0 

29.11750 
0.0 
0.0 
0.0 
0.0 

91.13061 
9.0 

1009.19995 
1134.11594-
1231. 01594 

0.0 
-1202.39990 

COST VECTOR 
-33.2300~ 
-33.23000 
-!l3.23000 

-1202.39990 
0.0 

-1009. i9995 
-391.99998 
-921.12915 

BOUND VEcTOR 
-1.00000 
-1.00000 
-1.00000 
-1.00000 
-1.C0000 
-1.00000 

4255.12929 
0.0 

20664.69960 
0.0 

36525.54(, I 1 
36525.54611 
48700. 72Ul4 

1698.00390 

15504.20310 
18009.70036 

0.0 
24108.40591 
72600. 37'ib3 
14572.6842U 
12175. 1H204 

0.0 
12175.18204 

0.0 
0.0 
0.0 

11357.64552 
0.0 

0.0 
0.0 

763.83947 
0.0 
0.0 
0.0 
0.0 

91.13067 
0.0 

1009. 19995 
1134.11594 
1231.01594 

0.0 
-1139.29670 

-33.23000 
-33.23000 
-:l3. 2:H~00 

-1299.29990 
0.0 

-1009.19995 
-743.99996 
-921.12915 

-1.00000 
-1.00000 
-1.00000 
-1.00000 
-1.00000 
-1.00000 

15103.81867 
0.0 

17514.4(.663 
4371. U1322 

3(:H~J. OB26a 
36525.5461 I 

:: 000. 00000 
1698.6U390 

4325.02401 
1:.o581.5038U 

0.0 
41.490.03396 
86458.59974 
15557.07370 
):" 175. 18204 

0.0 
1:: 175.18204 

0.0 
0.0 

2240.70285 
15557.07370 

0.0 

0.0 
0.0 

171.74241 
0.0 
0.0 
0.0 
0.0 
5.76133 
0.0 

1009.19995 
1134. 11594 

0.0 
0.0 

-1202.39990 

18255.75102 
0.0 

14n44.471:Ja 
155:i7.07a70 
4U700.72B14 
3652;;.54611 

0.0 
169U.U0390 

0.0 
12900.56646 

0.0 
69154.73355 
77405. 1U5fJ2 
112U~. 595:12 
12175. 1U204 

(t.0 
12175. 10264 

0.0 
0.0 
0.0 

1 1105 . 26040 
0.0 

0.00000 
0.0 

202.63279 
0.0 
0.0 
0.0 
0.0 
5.76133 
0.0 

1009. 199()5 
1134. 11594 
852.84519 

0.0 
-1208.16123 

-33.23000 -33.23000 
-33.23000 -33.23000 
-33.23000 -33.2a000 

-1299.29990 -1299.29990 
0.0 0.0 

-1009.19995 -1009.19995 
-9444.00000-17772.00000 
-921.12915 -921.12915 

-1.00000 -1.00000 
-1.00000 -1.00000 
-1.00000 -1.00000 
-1.00000 -1.00000 
-1.00000 -1.00000 
-1.00000 -1.00000 

16837.85335 
0.0 

12542. 19379 
9imO.5h699 

40700. 72UI4 
a7:J43.0B263 

1698.nll:J'i0 
1698.8U390 

15530.00174 
o. (; 
o. ~. 

4011U.B607U 
4B7HU.72n14 
4070U.72U14 

16911. UH390 
169U.BU390 

0.0 0.0 
13629.24023 15931.74394 
9UU95.92597 94640.79668 
U6669. 200 HU015la. (,715a 
5302a.6:J75U a2:H;U.9:J79U 

0.0 15;;57.07:170 
12175.10204 12175.IU204 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.~ 0.0 
0.0 15190.06195 
0.0 5706.00671 
0.0 0.0 

60.41105 
0.0 
0.0 
0.0 
0.0 
5.76133 
0.0 
5.761a3 

1003.43862 
1009.19995 
1071.01274 

15.29U77 
232.0:l970 

-1274.62122 

5.76133 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
5.7613a 

100:1 . 4·3862 
1009.19995 
1134.11594 

0.0 
0.0 

-1299.29990 

1383 8. 22611 0 . 0 0.0 
0.0 
0.0 

0.0 0.0 
{~ . 0 984 . :18942 

36525.54611 36525.54611 
48700.721)14 4U700.72814 
48700.72U14 .!~00.72RI4 

36525.5%11 
36525.546 II 
48700.72814 

16'i8. UU:i90 16911 .l1lJ,090 
751.21715100000.00000 

169H.H8390 
12956.68574 

465.66273 
18714.74442 
79536.971101 

2(,17.74:;57 
14044.471:l5 
II W5 . 2604U 
11357.64552 

0.0 
0.0 

1327SH.!J3001 
0.0 

27732.25574 
11476.21292 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

60.U6452 
1003.4aa62 

0.0 
1139.87721 

0.0 
0.0 

-1917.57825 

11247.5:150] 
2 12B I . ;'9329 
61201.22699 

6H'72. H7485 
0.0 
0.lt 
0.0 
0.0 
0.0 
e.o 
0. f~ 

21732.2557. 
0.0 
0.0 

13950.700;;4 
23649.07073 
44443.37364 
2 197'0 . 693:)2 

3014.87991 
57{)",.50671 

0.0 
817.536:)2 

0.0 
0.0 
0.0 

26747.86632 
~L0 
0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

l%3.4:l711 0.0 
3U6.23865 0.9 
66.45999 91.13861 

5.76133 0.0 
1003.43862 94W.33543 
198.~6128 577d.51692 

1206.M3726 1231.01594 
0.0 0.0 

-1202.39990·-1202.39990 
-1299.29990 -1299.29990 

-33.23000 -33.23000 -33.23000 -33.231~00 -33.23000 
-33.2a000 

-1202.39990 
-1299.29990 

0.0 
-1009.19995 
-921. 12915 
-921. 12915 

-1.00000 
-1.00000 
-1.00000 
-1.00000 
-1.00000 
-1.00000 

-33.23000 -39.2a000 
-1202.39990 -1202.39990 
-1299.29990 0.0 

0.0 0.0 
-1009.19995 -1009.19995 
-921.12915 -921.12915 
-921.12915-14390.10937 

-1.0000{} -t.00000 
- t .00000 -1.00000 
-1.00000 -1.00000 
-1.00000 -1.00000 
- t. 00000 -1.00000 
-1.00000 -1.00000 

-3:l.231~00 
-1292. ::J9'}90 

0.0 
0.0 

-1009.19995 
-921.12915 

-50.00000 

-1.00000 
-1.00000 
-1.00000 
-1.00000 
- i .00000 
-1.00{WO 

-3:1.23000 
-1202.39990 

0.0 
- 1009. 19995 
-1009.19993 

-921.12915 
-232.03970 

-1.00000 
-1.00000 
-1.00000 
-1.00000 
-1.00000 
-1.00000 

9.9 
9953.41412 
4:"~7.47838 

36:)2;).54611 
36:.i:!5. ;'46 I I 
48700.7:!BI4 

J 69B. UU;J')O 

15H44.:l7996 
1670H.2H.:.!BU 
209 13. 2'} 190 
40232. 4+~!i4 
15;-;;;7 . (17a7~ 
11476.21292 

0.41 
12175.10204-

0.0 
2;)00.00000 

0.41 
21732.25574 

0.0 

0.0 
0.0 
0.0 
0.9 
0.0 
9.0 

477.37732 
0.0 

1003.43862 
0.0 

16 17. 21i459 
0.0 

-1202.39990 

-33.23000 
-33.2:l009 

-1:l02.39990 
0.0 

-1009. 19995 
-1009.19995 
-921. 1291{j 

-1.00000 
-1.041000 
-1.0('000 
-1.O{1000 
-1.0(1000 
-1.00000 



B VECTOR 

-1.00000 -1.00000 -1.00000 -1.00000 -1.00000 -1.00000 -1.00000 -1.00000 -1.00000 -1.00000 
-1.00000 -1.00000 -1.00000 -1.00000 -1.00000 -1.00000 -1.00000 -1.00000 -1.00000 

11899.99041 lIB,),). 99M i 1 Ul99 . 99841 1I899. 99f14! 1 tfl99 .99041 I1B99. 99041 11 099.99041 11099. (~9841 1 tfl99 .99841 11099. 9?341 
1 W99. 99041 1 UN9 .99B41 7500. 00048 750~'. 00040 7500. 0004U 7500. H0048 7500.00048 7500. ~)004U 7JOe. 00048 7:l00. 00\148 
7500.00048 7500.00048 7500. 00048 750~. OOH4B 60513.63911 6051a. 6:J91 t 6051:1.63911 60513. t>3911 60513.639 t 1 60513. 6;J91 i 

60Gta.6391l 60513.63911 60513.6:1911 6051~L{,a911 60513.ba911 605W.f):J911 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0." 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0." 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 200000.00000500000.00000 200~.0000e 2500.00~ 

947.66675 947.66675 947.66675 947.66675 947.66675 947.66675 947.66675 947.1,6675 947.66675 9.7.66675 
947.66675 947.66675 3000. 00000-203U6. 60f.75 100000. OH~OO 5flOOO. ~HW00 5500~. 00004» 55(100.4''''000 554:'100.00000 5500U.OOHml 

55QOO.00000 55000.00000 55000.tl0000 5500iL000410 55-/00.0(1000 55000.UOOOO 550cHLOOnOU 5014U.m'82:.! :l:>96'L30072 25124"61133 
22953.06040 23306.57665 2U961. 82665 42740.020 II 61453.02617 U1152. 97330 U062 I. 38534 79764.64·566 7132t·.94418 

SIGN VECTOR 
1.00000 1.00000 1.00000 t. 00000 t. 0(1(}00 1. (){WOO I .• '0000 1.00000 t.00000 1.00000 
I. (J0000 1.004100 I. H0000 I .4HHWO I .OH(IOO I . (HICIOO I. OO()OO I .00000 1.00000 I. OHOUO 
i .00(100 ! .oomw I • 00~HHl I .OOOOH I . (UHWO I . UOOOO I .00000 I .1)(JiOOO I .00000 I .OHUOO 
i . 00000 I . 004100 I . 00000 I . 00(1(1{) I . 00000 I . 4WOOO I . 00U00 I . O{JIO{W I . 00000 I .00000 
i .00000 I .0fIOOO I .00000 I .0004\0 I . HOIHlH I . UcWOO I .OOOOH I .1I0{lOO I .00000 I . UOOOO 
I. "0000 1.00000 1.00000 I. O(HHW 1.00000 I.IHWOO 1.00000 1.0(10000 1.00000 I. UOOOO 
I . (tOI:HH~ I . 00000 I . 00000 I . 000110 I . OOOOH I . 110000 I . 00000 1 .• tOOOO I . 00000 1 . nt/HUO 
1. noooo 1.00000 1.00000 1.00000 I. OIHWO I. {WOOO I. oouoo I. Il{toOO 1.00000 1.00000 
I .00000 I .00000 I .00000 I . 00000 I . iHHWO I .ltOOOO I .00000 I . II{W(IO I .00000 . I. (10000 
I . (HHH-)O I .OOHOO 1 .00000 I . ~HJOIH. I .004H10 1 .00000 I .00000 I .00000 1.00000 I .00000 
I .00000 I . HOIHH) I .00000 I . HOI.OO I .00{t00 I .00000 I .00000 I .00000 1 .00000 i .00000 
1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
1.00000 1.00000 1.00099 1.00000 1.00000 1.00000 1.00000 0.0 0.0 0.0 

N 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

W 

DO CONS'I'flAINTS VALUES AND DUAL PRICES 

1= lUIS = -5444.90490 B== 11099.99841 DUAL= 0.0 
1= 2 IUlS= -3604.20469 B= IHl99. 99n41 DUAL= 0.0 
1= 3 III'S= 7574.97441 B= lW99.99B41 DUAL= 0.0 
1= 4 HIIS= I W99. 99841 B= 1 W99 . 99U41 DUAL= 0.00000 
1= lJ lUIS= I 1U99. 99841 B= I WI}9 . 9'Hl41 nUM.= 6U. 41705 
I 6 lUIS= J 1U99. 99841 B= I 1U99 .9/W41 nUAL= ;} .76133 
I 7 IUlS= 11434.3:1569 B= 1 W99.99B41 DUAL= 0.9 
I 8 IUlS= - ta47 . sa660 B= 1 lUI} 9 . 9/)B4 I HUAL= 0.9 
I 9 IUlS= -2050.70213 B= 11 UI)9. 99B41 nUAL= 0.0 
I 10 lUIS= -3944.:lUIG5 B= I W99.99B41 DUAL= 0.0 
I I I IUIS= -5549.37076 B= 1 I U99 . 99U4 t DUAL: 0.0 
I 12 IUlS= -6909.70194 B= 1 W99. 99U41 nUAL= 0.0 
I 13 lUIS= -50U 1.50:140 B= 7500. 0{104B DUAL= 0.0 
I 14 IUlS= -5480. 5Mj9U B= 7;HH'. 0004U IHJAL= 0.0 
I I () IUlS= -6129.2:1975 B= 7500. ~)('04n nUAL= 0.0 
I 16 lIlIS= -843 I . 74:J46 B= 7:100.0(1048 DUAL= 0.0 
I 17 IUIS= -11214.74394 B= 7r;00.~Hl04n DUAL= 0.0 
I lU HlIS= -13781.S'}2fH B= 75H0.0004U DUAL= 0.0 
I 19 11IIS= -16149.07U25 B= 7500.0004U DUAL= 0.0 
I 20 IUIS= -9208.20240 B= 7500. 04:104U nUAL= 0.0 
I 21 IUlS= 7500.00048 B= 7500.00048 DUAL= 29.11750 
I 22 lUIS= 7500.00048 B= 7500.00048 nlJAL= 763.83947 
I 23 IUIS= 7500.00048 B= 7a00. 00043 nUAL= 171.7424 t 
I 24 IUIS= 7500.00048 B= 7500.00048 nUAL= 202.63279 
I 25 lUIS= -38382. 2U6U6 B= 605 13. 6:19 1 I DUAL= 0.0 
I 26 lUIS= -34127.15757 B= 60513.6a'}(1 DUAL= 0.0 
[ 27 rulS= -19023. 3aU90 B= 605 t 3. 6:i9 I I DUAL= 0.0 
I 2U lUIS = -767.5U7U3 D= 60S13.63911 DUAL= 0.0 



1= 29 RIlS= 16070.26547 B= 60;'13.63911 DUAL: 0.0 
1= :10 lUIS= 316~O.34720 D= 60:) 13. {.!19 Ii IHJAL= 0.0 
1= 31 Hlls= 45450.5f.7a2 8= 60:) 13. 6:1911 JHIAL= 0.0 
1= :!2 IU I::> = 3640Ci.I:':l19 B= 60:".13.6:1911 IHJAL= 0.0 
1= :Ja IUlS= 12412:l. 6Ua 15 B= 60:1 13.6:19 I I IHJAL= 0.0 
1= 34 HIIS= -H64 I .0'J445 B= 60:; 13.6:1911 IHIAL= 0.0 
1= 35 HIIS= -26155.56107 B= 60~ila.6:1911 lHIAL= 0.0 
1= 36 lUIS= -41000.0:1242 H= 60[) 1:1. 6:J9 I I IJlli\L= 0.0 
1= :17 JlJIS= -2617. 7·~;'57 U= 0.0 IHJAL= (J.O 
1= :lU JIIIS= -6U72.07405 B= 0.0 HlIA!.= 41.0 
1= 39 IlIIS= -21976.6":!:)2 B=. 0.(1 H\J 1\ 1.= 0.0 
(= 40 lUIS= -402:12.4,1,454 1\= 0.0 HIIAL= 0.0 
1= 41 ItlIS= -57070.2'1709 B= 0.0 IHJAL= 0.0 
1= 42 HIIS= -72600.:l7'J6:J 8.= 0.0 JHli\L.= 0.0 
1= 4a HlIS= -0645U.5'}'i74 B= O. (. HlJi\!.: 0.0 
1= 4'1 IUI::>= -77405. 111562 D= 0.0 BlJAI.= 0.0 
1= 45 IIIIS= -5:102:1.6:1751\ B= 0.0 IHJAL= 4).0 
1= 4tJ JIJIS= -32:15U.9:17911 B= 0.0 HlIAL= 0.0 
1= 47 IUIS= -14044.471:15 11= 0.0 ml/\i.= 0.0 
1 = 40 IUlS= 0.00000 B= fLO HlIA!.= 196:1. 43711 
1= 49 HIIS= -3014.U7991 B= 0.0 nt/AI.:: 0.0 
1= 50 IUIS= - 15r,57 .4H:J70 B= 0.0 nur\l.= 0.0 
1= 51 HIIS= - Hi;)57 . 07:170 n= 9.0 HI"'!.= 0.0 
1= 52 IlJIS= -14572.6U42U H= 0.0 HlIAI.= 0.0 
1= 5a HIIS= -15557.07!l70 B= U.O 11111\1.= 0.0 
1= 54 HIIS= -11289.595:J2 H= 0.0 lHli\ I. = 0.0 
1= 5lJ IUIS= 0.00000 B= 0.0 DUAL= 5.76133 
1= 56 IUIS= -15557.07:170 B= 0.0 1)111\1.= 0.0 
1= 57 lUIS: -11185.2604El B= 0.0 Hlli\!.= 0.0 
1= 58 IIJIS= 0.00(H)0 B= 0.0 IHli\L= 386.23865 
1= lJ9 IUIS= -5706.50671 B= 0.0 lHIAI.= 0.0 
1= 60 IUIS= -11476.21292 B= 0.41 I)UAL= 0.0 

N 1= 61 HilS: -12175. W204 H: 0.0 IHlAL= 0.0 
W 1= 62 IIIIS= -12175. 1U204 II= 0.0 IHJAL= 0.0 
'-0 i= 63 IIIIS= -12175. W204 B= 0.0 IIIJI\1.= 0.0 

1= 64 IUlS= -12175. W204 B= 0.0 lHJAL= 0.0 
[= 65 IUIS= -12175. W204 B= 0.0 DUAL= 0.0 
1= 66 IIIIS= -12175. 10204 B= 0.0 IHIAL= (to 0 
1= 67 IUIS= - 1 1357.64552 B= 0.0 DUAL= 0.0 
1= 60 IIIIS= 0.00000 II= 0.0 DUAL= 66.45999 
1= 69 III IS:: 0.00000 H= 0.0 HUI\L,= 91. 13U67 
1= 70 HIIS= 0.0 8= 0.0 nUi\!.= 477.377:12 
1= 71 IIIIS= -0.00009 B= 0.0 I)UAL= 91.13Uh7 
1= 72 IIIIS= 9.0()OO9 B= 0.0 HUM.= 91.130h7 
1= 73 IUIS= -0.00009 B= 0.0 HIlA!.= 5.76133 
1= 74 lUIS= -0. 00~I00 B= 0.0 DUAL= 5.76133 
1= 75 I\IIS= -0.00000 B= 0.0 flUAL= 5.76W3 
1= 76 IUlS= -0.00000 B= 0.0 IHJAL= 5.761:l3 
1= 77 IlIIS= -0.00000 B= 0.0 JHJi\L= 6U.U6452 
1= 78 lUIS= -0.00000 B= 0.0 HUM.= 5.76133 
1= 79 lUIS= -817.5a652 D= 0.0 UUAI.= 0.0 
1= 80 lUIS= -12175. lB204 B= 0.0 J)UAL= 9.0 
1= Ul IUlS= -12175. '10204- B= 0.0 IHJAL= 0.0 
1= B2 IIJIS= -12175. W204 B= 0.0 lHJAL= 0.0 
(= U3 IUlS= -12175. 1B204 B= 0.0 DUAl,= 0.9 
1= 04 11IIS= -12175. W204 B= 0.0 HUAL= 0.0 
1= 05 IIlIS= -0.00000 B= 0.0 HUM,= 1003.43862 
1= 86 IUlS= 0.0()O09 8= 0.0 nUAL= 100!l.4:J062 
1= 87 lUIS= 0.04WOO B= 0.0 mIAL= 100:).4:1U62 
1= (10 IUIS= -0.00000 B= 0.0 DUAL= 100:1. 43U62 
1= E19 HlIS= -0.00000 D= 0.0 DUAL= 940.33543 
1= 90 lUlS= -0.00000 B= 0.0 UUAL= toOa.43862 
1= 91 lUIS= -0.00000 B= 0.0 HlJA1.= 1009.19995 
1= 92 IUlS= 0.00000 II= 0.0 DUAL= 1009. 19995 
1= 93 IUIS= 0.0 B= 0.0 UUAL= 1009.19995 
1= 94 HIIS= -0.00990 D= 0.0 DUM.= J009.199·}5 
1= 95 HIIS= 0.0 B= 0.0 DUAL= 1009.19995 
1= 96 lUlS= 0.00000 B= 0.0 nUAL= 1909.19995 



1= 97 IlRS: 6721 I .44999 B= ~OO0.9900@ DUAL= 9.0 
I: 98 lUIS: 399000.00000 B= 500000.00(}(}O DUAL:: 196.96126 
1= 99 lUIS:: 2(}00.00000 B= 2000.0tWOO DUt\L= tJ77~J. 51692 
1= 100 lUIS: 0.0 B= 2500.00000 DUAL= 0.0 
1= 101 HlIS= 947.66675 B= 947.66675 DUAL= t 134. 11594 
1= 102 IUIS= 947.66675 8= 947.66675 DUAL: 1134.11594 
1= 103 HilS: 947.66675 8= 947. (,6675 DUt\j,= 1134.11594 
1= 104 lUIS:: 947.66675 B:: 947. (,6675 DUAL= 1134. I Hi94 
1= 105 IUIS= 947.66675 B= 947.6M,75 DUAL: 1071.01274 
1= H)6 lUIS: 947.66675 ll= 947. (,6675 0111\1.= 11:14.11594 
1= 107 IUIS= 947.66(,75 B= 947. ~,6('75 IHJI\L= I I :J9 . 877~7 
1= HHJ lUIS:: 947.66675 B= 947. (,6675 J)lJAL= 1206.:13726 
1= 109 III1S= 947. {}(,675 0= 947.66675 (WAL= 1231.01594 
1= i 10 11I1S= 947.66675 B= 947.·6h67:l mIII!.= l(d7.25459 
1= III IIIIS= 947.66675 B= 947.6(,(,75 "UAL= 12:1 t. 01594 
1= il2 HIIS= 947.66(}75 B= 947.61>h75 HOM.= 123 I .01U94 
1= 113 HIIS= 751.21715 B= 3000.00000 IHML= 0.0 
1= 1I4 11IIS= -20:W6.60675 B= -20:m6 .• ,0675 DUAL= U52.84519 
1= 115 lUIS: 1 OOHOO . OO~.00 D= 100HOfl.OOOOO UUAL= 15.29877 
1= 116 HlIS: 39U09.9:JU05 D: 5IHiHO.OnOOo DUAL: 0.0 
1= 117 IUIS= 272~,7. 74426 D: 55HOO.00000 IHIAL= 0.0 
I: 118 HlIS= 27267.74426 ll= 55000.00000 nUAL: 0.0 
I: 119 IIlIS: 2B~52. 1 a368 B= 55000. ~HHHlO IH1AL= 0.0 
1= 120 lUIS: 27267.74426 B: 55~H:HL onooo ntIAL: 0.0 
1= 121 IUIS= 31535.22265 B= 55000.041H04t m1AL= 0.0 
I: 122 HI'S= 4:Jf} 42 .35440 B: 5(4)00.°";000 nUAI.= 0.0 
I: 123 IIlIS= 39442.92630 ll= 55000.00000 UUAI.:: 0.0 
(= 124 IUIS= 43U14.7:1952 B: 55\HtO.OUOOO (mAL= 0.0 
I: 125 IUlS= 55000.00000 B= 55000. ~HHlOO DIIAL= 232.03970 
I: 1~6 IUIS= 49293. 49:l29 B= 554HiO.04l000 DUI\L.: 0.0 
I: 127 lUIS: 43523.7U700 B= 55000.0411H10 IHIAL: 0.0 
(: i28 lUIS:: 50140.07022 B= 5014n.n7U~2 IHJAL: - 1202. :l99(H) 

N 1= 129 1II1S: 35969.30072 B: 35'HW . aOO72 DUAL= -1202.399"0 

+:-- 1= 130 lUIS: 25 120.6 I 133 B= 25120 .f, II:J:I DUAI.= -1202. 399(H~ 

0 1= I:Ji IUIS= 22')53.0flU40 D= 22(Hi:I.Of>lt40 DUAl.: -1202.39990 
1= 132 HIlS: 23386.57665 D: 2aa06.57665 DUAL= - 113').29670 
J= 133 lUIS: 2096 I .82665 8= 2(N6 I. U:.!(J6{1 DUAL: -1202.39990 
I: ta4 IUIS= 42740.02011 B= 42740.820 I I DUAL.= -12{)8.16123 

1= 135 lUIS: 61453.02617 D: 6 145~1. 02f. 17 J)UAL= -1274.62t~2 

1= 136 lUIS: 81152.97330 D= 81152.t)7!1:J0 J)UAL= -1299.2991)0 
I: 137 lUIS: 88621 .3U534 D= 80(,21. :W5:J4 InJAL= -1917.57825 
1= 138 IUIS= 79764.64566 D: 79764.64tJ66 DUAL= -1299.29990 
1= 139 lUIS = 71324.94418 B= 71324.94418 DUAL: - 1299 . 299'.}0 



N 
+:-­
/-l 

IM= 
11'1= 
11'1= 
11'1= 
11'1= 
11'1= 
11'1= 
11'1= 
11'1= 
11'1= 
11'1= 
HI= 

IM= 
IN= 
1]11= 
11'1= 
HI= 
11'1= 
IM= 
IM= 

CONSOLIDATED 

MAXIMAL MONTHLY SUPPLY: 13557.~7 
l~IMAL DAILY SUPPLY: 510.57 

P.MIlAl'iDLE 

MAXIMAL MONTHLY SUPPLY= 
MAXIMAL DAILY SUPPLY= 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 

FSN= -2617.75 SUPI= 
FSN= -4255. t:J SUPt= 
FS N = - 15 103. 82 SUPI= 
FSN=- W:!55. 75 SUI'I= 
j<'SN=-16U:17.8G SUP.= 
FSN=-15536.60 SUPI: 
FSN=-13B50.22 SlJPI= 
FSN= 'HH,3.41 SUPI= 
FSN: 24:18 I .55 SUPI= 
FSN: 20664.70 SUP!: 
FSN= 17514.47 SUi'I= 
FSN= 14044.47 SUPI= 

SUI'WfI= 2000. 000 
SIJI'FL= 0.0 
IH'RO= 751.217 
HSTC=100000.000 
DPT!: 12956.686 

40700.73 
1623.36 

12542.19 
0.C' 
0.0 

984.;J9 
0.C 

4267.43 
15557.C7 

0.C 
4371.ld 

15557.C7 
9050. :57 
4080.L6 

OPTIMAL SOLUTION CHARACTERISTICS 
******************************** 

SUP2= 36525.55 SUPV= 36525.55 PROD:: 
SUP2= 36525.55 ~UPV= 36r125.56 PROD= 
SUP2= 36525.55 SUI'V= a6525.55 PRO))= 
SUP2= 36525.55 ~{JI'V= 36525.55 PHOB= 
SUP2= 36525.55 ~IJI'V= 3652r1.5G PIlOD= 
SUP2= a6525.55 ~UI'V" :iMi2ri. 55 PHOD= 
SUP2= 37343.00 SUI'V= 37:Ha. on PHon= 
sur2= 48700.73 ~lWV= 4U700. 73 PIlOI)~ 

sur2= 48700.73 ~UI'V= 4B700.73 I' HO!)= 
SUP2= 48700.73 SIJI'V= 4Ulon. 7a ,'ItO))= 
SUP2= 40700.73 SUPV= 4B74H1. 7:1 !'1l(1):: 

SUP2= 48700.73 surv= 4U700. 73 PHOD= 

1698.88 
1698.88 
1698. BU 
1690.88 
169B.nn 
1690.BI) 
1690.00 
1690.un 
169U.BU 
1(,9U. Uti 
1690.00 
1698.88 

TOTAL DEI'1J\ND CHARGE: 
TOTAL COI'INOIHTY CHARGE: 
TOTAL STORAGE COST= 
TOTAL WINTER CHARGE= 

42331712.11 
585415016.49 

5746637.H0 
3281064.42 

OR 0.96106 
OR 0.84443 
OR 0.00029 
OR 0.00473 

OF 1'(," I MUM COST 
OJ<' J'[JNIJln111 COST 
OF I'1INII'1IJI'1 COST 
OF MINIMUM COST 

SUIDiARY OF MONTHLY STORAGE GAS FLOWS AND STOCKS 

1 G..~mn= 0.0 RSTOR= 0.0 GINST= 2617.75 GlMAX= 19962.65 r,oUST=: 
2 GSTOH= 2617.75 RSTOIl= 0.76 GINST= 4255.13 GINAX= t9759.aa GOUST= 
3 G..o;;TOIt= 6872.87 RSTOIl= 0.00 GINST:: 15103.82 GHIrU<= 19420.04 GUUST= 
4 GSTOR= 21976.69 RSTOIl= 0.H6 GINST= 10255.75 GII'1AX= W2fi5.75 GOUST= 
5 GSTOll= 40232.44 RSTOIl= 0.93 GINST= 160:17.85 GII1AX= 16u:n. U5 GUUST= 
6 GSTon= 57070.30 RSTOIt= 1.00 GINST= Hi5:10.08 GII'1A.X= IG530.0U GOUST= 
7 GSTOH= 72600.38 RSTOH= L06 GINST= 13050.22 GII'1rU<= 14:l2!J.B8 (;OUST= 
U GSTOn= 8645U.60 RSTOn= 1. 12 GINST= 0.0 GINAX= la247.54 GOUST= 

DGPIT= 50 t 48. Sfl 
DGMT= 35969.3/11 
DGMT= 2{) 120.6 I 
DGl'IT= 22953.67' 
DGMT= 2aa06.50 
DGJ1T:= 209fJ i .3:11 
HGI'IT= 42740. 0:1: 
HGI'1T= 6 145a. 0:l1 
DGl'IT= 8 I 152. 9'{' 
DGI'IT= 88621.391 

D(;l'IT= 79764.65 
DGl'IT= 71324.94, 

0.0 GOl'mx= 12581.50 
0.0 OO~IAX= 12900.57 
0.0 oorlAX= 13629.24 
0.0 GOI'IAX= Hi931.74 
0.0 r.oT'IAX= 16714.74 
0.0 GOl'fAX= 21281.59 
0.0 GorlAx= 23649.08 

9953.41 GO~lAX= 25761.70 



1M:: 9 
IM= 10 
IM= 1] 

IM= 12 

HI::: I 
11'1= 2 
IM= 3 
1M::: 4 
IM= 5 
11'1= 6 
11'1= 7 
IM= 0 
IM= I) 
11'1= 10 
I M= I 1 
1M: 12 

N 11'1: 1 
.p... 1M" 2 
N 1M: 3 

IM= 4 
IM= 3 
IM= 6 
1M: 7 
IM= 8 
IM= 9 
1M::: 10 
Hi= II 
IM=12 

GSTOR= 77405.19 RSTOR= 1.08 GINST= 0.0 
GSTOH= 5302:J.64 HSTOH= 0.98 GINST= O~O 
GSTOH= 32358.941· It.~TOIl= 0.90 GINST= 0.0 
GSTOH= ·14844.47 RSTOR= 0.U3 GINST= 0.0 

n:ARL Y FLOW I NTO STORAGE: 864·58.60 
YEAHLY FLOW OUT OF STORAGE::: 86458.60 

VGINS= 0.0 VGOUS= 
VGINS= 0.0 VCOUS= 
VGINS= 0.0 VGOIJS= 
VGINS= 0.000 V(;OUS= 
VCINS= 6U.417 VGOUS= 
V(; I NS= 5.761 V(;O(]S= 
VGINS= 0.0 \lCOIIS= 
V(;I/'IS= 0.0 VGOIJS= 
VGINS= 0.0 VGOUS= 
VGINS= 0.0 V<;oU8= 
VGINS::: 0.0 VCOUS= 
VCINS: 0.0 VGOUS= 

DUAL VALUES SUl'fMARY 

******************** 

0.0 VSMAX::: 0.0 
0.0 VSl'lAX= 0.0 
0.0 VSMJ\X= 0.0 
0.0 VSI'1AX= 0.0 
0.0 VSI'1A}{= 0.0 
0.0 VSMi\X= 0.0 
0.0 VsrlAx= 0.0 
0.0 VSI'1i\X= 0.0 

29. 117{)0 VSI'1J\X= 0.0 
763.8~947 V81'lAX= 0.0 
171.74241 VSI'1J\X= 0.0 
2~2.6a279 VSI1AX= 0.0 

GIMJ\X= 13950.70 ('.oUST: 2438t .55 
GIMI\X= lriU44.an (;OlJST= 20664.70 
GHIAX:: 17449.:m (;OUST= 17514.47 
GIf'tAX= lUU09.70 GOUST= 14644.47 

VSI'f I l'f= 0.0 
VSmN= 0.0 
VSNlN= 0.0 
vsm N= 0.0 
\lSfll N= 0.0 
\Ism N= 0.0 
VSMIN= 0.0 
VSNIN= 0.0 
vsm N= 0.0 
VSNI N= 0.0 
Vl-lrtI N= 0.0 
VSMIN= 1060.437 

**************************************************************~**************** 

VIX= 0.0 V2X: 0.0 VVV= 5.761 VSUV= 1003.439 VDcrrr= - 1202 • 400 
VIX: 0.0 V2X= 0.0 VVV:: 5.761 VSUV= 1003. 4~l9 VU(;rrf= - 1202.400 
VIX= 0.0 V2X= 0.0 VVV: 5.761 V~UV= 190:).439 VJ)CN!':: -1202.400 
VIX= 0.0 V2X::: 0.0 V V V::: 5.761 VSHV::: 100:).4:19 VJ)(;NT= - 1202. 4ltO 
VIX: 0.0 V2X::: 0.0 VVV: 6ELU65 V~lJV= 940. ~J~HJ vm:rrl'= - I 139.297 
VIX: 0.0 V2X= 0.0 VVV= 5.761 VSUV= 1003.439 vJ)(;rrl'= -1202.400 
VIX= 5.761 V:.!:X= 0.0 VVV= 0.0 VHUV= 1009.200 VD(;rIT= -1298. 161 
VIX:: 0.0 V2K= 66.460 VVV= 0.0 V~UV= 1009.200 V[)(;rrf= -1274.621 
V1X= 0.0 V2X= 91. 139 VVV= 0.0 VSUV= IOO'}.209 vJ)(;rrl'= -1299. :100 
VIX= 3CJ6.239 V2X= 477.377 VVV= 0.0 V~UV::: tOO'}. 200 VJ)GflT= -1917. no 
VIX= 0.0 V2K= 91. 139 VVV= 0.0 VSUV::: 1009.200 vf)I;m'= - 1299. :100 
V1K= 0.0 V2K= 91.139 VVV= 0.0 VSUV= 1009.200 VUGrfl'::: - 1299.300 

VSIT= 0.0 
VS2T= 198.96128 

******************************************************************************** 

HI= I VPRO= 1134.11594 VTRAN= 0.0 
HI= 2 Vi'HO= 1134. 11594 VfHAN= 0.0 
IN= 3 VPRO= l1a4. 11594 VTRAN::: 0.0 
I l'I= 4 VPRO= 1134.11594 VTllAN= 0.0 
HI= Ii VPRO= 1071.01274- VfftAN= 0.0 
HI= 6 VPRO= 1134.11594- VTMN= 0.0 
HI::: 1 Vf'no= 1139.87727 VTItAN= 0.0 
11'1= 8 VPRO= 1206.33726 VTHAN= 0.0 
HI= 9 Vl'HO= 1231.01594 VfftAN= 0.0 
HI= 10 V1'11.0= 1617.25459 VTltAN= 232.03910 
IN= II VI'IlO= 1231.01594 VfHAN= 0.0 

GOMAX= 24381.55 
GOI'tAX= 20664.70 
GOMJ\X= 17514.47 
GOMAX= 14844.47 
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HI= 12 VPRO= 1231.91594 VTRA.N= 9.9 

******************************************~************************************* 

VSWH= 5773.517 VSFL= 0.9 VPRHX= 9.0 VPRMN= 0()2.M5 VSTC= 15.299 

******************************************************************************* 
TOTAL I NVESTMEftT I N PRODUCT ION • STORAGE AND TRANSM I SS ION CAPAC I TV 

ANNUALIZED COST PIS= 18822572.10 
TOTAL DISCOUNTED COST NEWPIS= 151672a76. 

PURCIlASES, PRODUCTION AND STOflAGF. OPERATING COSTS ONCI= 674449:l20.57 

TOTAL ANNUAL GAS DEMAND (HI'iCF) DCT= 611590.06 

******************************************************************************* 
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OUTPUT OF SUBROUT I NE D 1ST 

PEAK .l'ID1'ITH= 10 PEAK LOAD= 8862 i .39 

TRANSMISSION MARGINAL COST= 

DISTRIBUTION MARGINAL COST= 

HErPIS: 22378524.476 
l'OTrIS= 1256954652.476 
DI£I'EXP= 3(,941896.994 
l'APH= 255 17792 1 • 146 
NE1~IS: 1001776640. 

OOPREV= 2875912.194 
ONUINC= 3739440.177 
orlC2= 128120!il91 .292 
ACOI'EX= 8395(J13016.853 
PHPTAX= 2 t0a73 I I. 022 
PAYTAX= 3843617.892 
INVTXC= 63961616.0 

X0 33192403.416 
Xl 120014247.8B0 
X'~ 792:UH20.H59 
X3 77007639.572 
Kl= ·064383945.767 
X5= 982103711.142 
X6= 6615352.371 

NEWPIS= 617237504. 
miT= 611598.051 
orIC!= 614440528.567 
X= 975480358.771 
PAVG= 1594.983 

216.308 

1954.964 

NEW TRANSMISSION PLANT= 

NEW DISTRIBlffION PLANT= 

OtrrPUT OF smmoUT I NE REVREQ 

211576.44 

465353412. 
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OUTPUT OF SUBROUTINE EVALI 

GAS CONSUMPTiON EVALUATION CRITERIA 
*********************************** 

PEAK MONTH= 10 
PEAK LOAD (MI'ICF) = 00621 .39 
LOAD FACTOH= 0.5751 
TOTAL GAS CONSUMPTION= 611598.06 

AVEHA(;F. VOLUMETRIC RATE= 1594.903 
Al:1I1 EVED GAS SAU:~ REVENUE: 975400358.77 

EFFICIENCY CRITERIA 
******************* 

mrrrn= I 
MONTH:: 2 
MONTII= :J 
MONTH= 4 
MON'I1I= 5 
MONTH:: (, 
MONTH: 7 
MONTII:: 8 
MONTI!:: 9 
MONTIf= 10 
MONTH:: Ii 
MONTH= 12 

RESIDENTIAL SURPLUS= 
m:SIDI':NTIAL SU/U'UJS= 
IU:S I HENT I AL SUlU'LUS= 
RES I m~NTIAL ~IlHPLUS= 
RES I ni':rfT I AL SUHI'LUS= 
JU':S I DENT I AL SUIU'UJS= 
RES I DENT I AL SU/u'LUS:: 
m;SIDF:NTIAL SllHPLUS== 
RES I m:wr I AL SUHPLUS== 
RI':S I HEN 'I' I AL SUltPLUS= 
m~s I HENT I AL SUIlPLUS:: 
RESIDENTIAL SURPLUS= 

110228601. 
65764123. 
31744602. 
24947676. 
26307076. 
43790000. 
0699S:JaO. 

145676275. 
207451590. 
230071120. 
203090056. 
176632746. 

TOTAL RES WENTI AL SUHPLUS 
TOTAL COrfi'lEIll: I AL SUfU'LUS 
TOTAL INJ)USTRIAL SURPLUS 
TOTAL CONSUMEll SURPLUS 

1353510283. 
5409::-5841. 

1039663259. 
2934130383. 

PRODUCER SURPLUS 120814240. 

TOTAL SURPLUS 3954944631. 

COJIIMF.RC I AL SURPLUS:: 
COmlEIlC I AI. SURPLUS= 
COf1m~HC I AL SUllPLUS= 
CONrUmC I AL SUIU'LUS= 
(;Omll':lll: I AI. SUJU'LUS= 
Cmmt~llc I AL SlJIU'LUS= 
COMm~Hl:IAL SUru'LUS: 
l:mlm:nc I AL !'lUlU'LUS= 
corlNf<~nc I AL SUilPLUS= 
l:Orirll·.HC I AL SUIlPLUS= 
COMNEHe I At HU/u'LUS= 
COM.l'IERC I AL SUllPLUS= 

44103t576. 
27174647. 
14222440. 
11634629. 
12152193. 
18806457. 
:l5259Ial. 
57599545. 
01119217. 
900aG719. 
79461699. 
69305500. 

I NDUSTR I AL SUlIU'LUS<: 
INDUSTRIAL SUlRPLUS= 
INDUSTHIAL ~TJIR.PLUS= 
I NI)tJSTR I AL SUIR.PLUS= 
I NDUS'I111AL SURPLUS= 
umUSTHIAL SURPLUS: 
INDUSTRIAL SURPLUS: 
I NDUSTIlI AL SURPLUS= 
I NDUSTHI AL SUIU'LUS= 
INUUSTIlIAL SUHPLUS= 
INlHISTHIAL SUHPLUS= 
INDUSTIUAL SUHPLUS= 

ITERATIVE EQUILIBRIUl':! PROCEDURE 
**************************************************************************************************** 
********************************~******************************************************************* 

86236149. 
79623266. 
74548539. 
73534616. 
73737401. 
76345364. 
82790834. 
91543939. 

100759064. 
104:!526:! J • 
100109659. 
96161776. 
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ITERATION ~ER 
**************** 

PIOl'ITHLY MARGINAL COSTS 

PION TH = 1 COST= 1411.885 
MONTH= 2 COST= 1411. OB5 
MONTH= 3 C.OST= 1411.005 
MONTII= 4 C08T= 1411.0115 
NONTII= () COST= 1340.7(12 
tIONTII= 6 COST= 1411.805 
rIONTII= 7 COST= 1417.646 
MONTI!= 0 COST:: 1404. IIt6 
MONTH= 9 COST= 1500.7U5 
NONTII= 10 COST= 4290. 3~16 
MONTII= II COST= 150U.7U5 
MONTH= 12 COST= 1500.785 

SUBROUTINE LOAD--GAS l'IARKET CHARACTERISTICS 
=================~==:======================== 

GAS DEl'1AND PATI'ERNS 

BASE DENANO (nMCF) 

MONTH= I OGI'ffiO= 16280.31 OCf1CO: 6514.00 DGMIO= 12739.84 
MONTH= 2 DC I'UlO = 9713.21 O(;HCO= 4013.63 D(;mO= 11769.18 
MONTH= 3 DGNno= 4M18.62 OGi'ICO= 2199.62 D(;NIO= 11919.65 
MONTI!= 4 HGNHO= 3604.71 J)GHCO= 1718.41 I)(;MIO= 19869.99 
rtONTII= I) J)(;JlDtO= 3975.35 DGi'lCO= 1036.36 o(;mo= 11142.79 
MONTH= 6 Dmmo= 6467.68 m~i'lCO= 2777.97 It(;mo= 11276.94 
MONTH= 7 UGNHO= 12U23.32 m;i'ICO= 5197.19 D(;U I 0::: 12293.14 
MONTH= 8 IlGNHO= 29906.90 D(;dCO= 0297.74 D(;r(IO= 13187.74 
I'IONTll= ') m;JllHo= 296:J9.09 D(;"(CO= 11590.09 D(;JIII 0= 14396.97 
MONTH= 19 DGl'IRO= 19543.07 D(;I"ICO= 7621.46 DGNIO= 8024.91 
MONTH= II lJGl'nto= 29917.07 D(;i'ICO= 113;'3. lB DC~IIO= 1439:1.28 
MONTH= 12 DGl'ntO= 25236.61 DGJ1CO= 9913.55 DCNIO= 13739.23 

TOTAL DGMTO= lB2056.85 IIGMCTO= 72934.02 DGMITO: 145444.67 

FORECASTED DEPIAND (PmCF) 

MONTII= 1 DGMR 24420.77 DGMC 9771.00 DGMI 19109.75 
MONTll= 2 DGMR 14569.02 D<~I'[C 6920.45 Hem 17649.27 
MON111= 3 DCI'm. 7032.93 m;t'IC 3150.93 DGm 16li15.97 
NONTH= 4 DGMR 5527.07 DGI'IC 2577.61 UGm 16291.34 
MONTH= 5 DGMR 5963.02 DGl'IC 2754.54 DGJlU 16714 .05 

DGl'tTO= 36534.35 
omITO= 25407.92 
Dmrro= 17799.89 
D(;rrro= 16264.92 
I)(;rrm= 16954.41 
m;rn'O= 29521.69 
m:m'o= 39223.56 
m;rn'o= 42471.49 
()(;rrI'O= 5562(i.96 
Dmn'O= 35909.44 
Dwn'O= 54674.34 
Dcm'O= 40089.38 

DGrnw 499435.54 

DGrIT 53301.52 
Dcrrr 38230.53 
nmn' 26699.83 
Dmrr 24396.93 
DGm' 25431.61 
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MONTII= 
MONTH= 
MONTH= 
MONTH= 
NONTII= 
MONTH= 
MONTH= 

TOTAL 

6 DGl'ffi 9791.53 DGMC '" 4166.95 DeMI 16914.~5 DeMT 39782.53 
7 DCMR 19234.98 DGrlC " 7795.65 m:m 18304.72 D(:rrr 453:J5.34 
8 nGf'ln 31479.91 DGI'IC 12446.61 0011 19701.62 OGtrr 63797.24 
9 m;MIl 44459.03 D(.'l'lC 173U5.99 m;NI 21594. II (u:m' n343U.94 

JO JH;Mll 29!J14.61 m:HC " 114a2.19 0(;1'11 13237.36 OGrIT 53984.16 
II DCI'm 43526.01 m;dC 17929.77 DGNt 21454.9:J DCm' 112911.59 
12 DGl'ffi 37034.91 DGI'lC 14070.32 DGNI 20600.04 DGrrr 733:J4.07 

DGMRT 273005.28 1~;HCT "199491.93 DGNIT = 210167.91 DGmT 690653.31 

TOTAL DEMAND I NCREl'fENT (nHCF) 209217. 77 

OUTPUT FROPI SUBROUTINE PlARCOO 
.==Z=R=~2=:= •• 2=C====::=:========Z2=::= 

EXISTING MOI'ITHLY PRODUCTION CAPACITY PIlOC= 

EXISTING MONTHLY TRANSI'fISSION CAPACITY PTlO= 

947.667 

56909.009 
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OPTIMAL SOLUTIOIf 

OBJ -682006594.8 {STATE 4 ITERATIOA'S 94 DETEIDUNAlIT 

N 79 NCOL 67 l'1 139 l'1NO'W 139 ISFEAS ,1 IReNT 

X VECTOR 
9.0 
0.0 

13569.76934 
7996.664150 

31403.46177 
:J4363.65321 
2603 l. 1337 t 

1668.48181 

SLACK VECTOR 
11899.99841 
10491.8039U 

0.0 
4687.06129 

3B7:H.00:;31 
26031.13571 

9.0 
9.9 

19467.02959 
9.0 
0.0 
0.9 

31896.7M74 
0.0 

DUAL VECTOR 
0.0 
9.0 

-0.90000 
9.9 
9.0 
9.0 

193.19995 
682.09993 

0.0 
1909.19995 
1372.89475 
1061.79473 

0.0 
9.9 

COST VECTOR 
-33.23990 
-33.23000 
-33.23000 

-1202.39990 
9.0 

-1099.19995 
-391.99998 
-921.12915 

SOUI'm VECTOR 
-1.00000 
-1.00900 
-1.00000 
-1.00000 
-1.00000 
-1.00000 

7309.23128 
0.0 

6956.72775 
2156.98421 

36005.63~33 
31403.46177 
4tH7 i. 2fl2:l6 

1668.48181 

4590.76714 
i 1212.71058 
4544.39623 

20697.55~10 
·,.7625.5U979 
26031.13571 

19.19 
19.19 

I19467.U21959 
9.9 
0.9 
0.9 

18834.56722 
0.9 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

21.784089 
290.09995 

0.0 
1009. 19995 
1201.47969 
1469.79475 

9.9 
-9.48716 

-33.23000 
-33.23000 
-33.23090 

-1299.29990 
0.9 

-1909.19995 
-743.99996 
-921.12915 

-1.09000 
-1.90000 
-1.00000 
-J .00000 
-1.00000 
-1.00000 

1 t~'32. 39104 
9.0 

10+40.69467 
24:' ~9. 40594 
4 1 f;7 I . 282a6 
3 I 4·03 . 46 177 

2('00.00909 
H60.40181 

0.9 
7500.00048 

0.9 
34::,67.32144 
55!·26.57781 
2f,( 3 I • 1357 i 

7307.62915 
UH67.82059 
UH67.82959 

0.0 
0.0 

2~,79. 184093 
23L74. tt'ilIH 

0.0 

23.61937 
0.0 

736.28234 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1009.19995 
1179.69480 

0.0 
0.9 

-le·09. 19995 

10452.13767 
0.0 

884U.98525 
1487. fl71:J0 

4Il171.211236 
3600ri.632a3 

0." 
1668.48181 

9640.33532 
0.0 

7761.75407 
26031.13571 
41H71.28236 
4IU71.2n2:l6 

166H. 4H lUI 
1660.48181 

0.0 0.0 
7500.00048 8614.25725 

0.0 60513.63911 
41224.04919 51664.65306 
39016.08700 26246.31167 
26031.13571 IH034.56722 
10691.59936 10467.02"59 
10467.82959 2960.19144 
10467.82059 0.0 

0.0 0.0 
"." ".0 
0.0 100000."0090 

1701.72977 24543.46441 
0.0 0.0 

1119.79193 
0.0 

132.431 Hi 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1009.19995 
170.494B5 

1091.62400 
0.0 

-1202.39990 

1203.U0235 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1099. 19995 
1009.19995 

179.98201 
0.0 
0.0 

-1299.29990 

-33.23000 -33.23000 -33.23000 
-33.23000 -33.23000 
-33.23009 -33.23000 

-1299.29990 -1299.29990 
0.0 0.0 

-lG09.19995 -1909.19995 
-9'H4. 00000- t 7772.00000 

-921.12915 -921.12915 

-1.00000 
-1.00000 
-1.00000 
-1.00000 
-1.00000 
-1."0000 

..; 1.00009 
-1.00000 
-1.00009 
-1.00900 
-1.,,0(Hi0 
-1.00000 

-33.23000 
-1202.39990 
-1299.29990 

0.0 
-1909.19995 

-921.12915 
-921.12915 

-1.00009 
-1.00000 
-1.00000 
-1.00000 
- t .00000 
-1.00000 

-7.03470 INFEAS 9 NIWTO 9 NOUTOF o 

8891.58448 
0.0 
0.0 

18945.31902 
41871.20236 
41E171 .2B2:l6 

1661), 4Ulnl 
166U.4U181 

0.0 
10341.01143 
53204.40783 
605t:J.63911 
19289. :; 0992 
23(174.15151 

5065.65002 
O.~ 
~.0 
0.0 
0.0 

18269. :m164 
0.0 
0.0 

221.27573 
0.0 
0.0 
9.0 
0.0 
0.0 
0.0 

1009. 19995 
1009. 19995 
1009. 19995 
1179.69480 

0.0 
232.0!J970 

-1299.29990 

8200.98803 
0.0 
0.0 

41871.282:16 
41071.28236 
4 I H7 1 . 28236 

1668.40101 
120.01507 

0.0 
11935. 10900 
41872.10679 

0.0 
ilB4n.9852~ 
1701.72977 

0.0 
0.0 
0.0 

111291. 16125 
0.0 

26031.13571 
7081L 81669 

0.0 

30.44001 
0.0 
0.0 

104.95507 
0.0 
0.0 

193. 19995 
999.71279 

1909.19995 
0.0 

1372.89475 
0.0 
0.0 

-1299.29990 

0.9 
0.0 
0.0 

4 t 87 t • 213236 
4 IH71. 2H236 
41071.28236 

166U.48181 
0.0 

9.0 
0.0 
0.0 

34363.65321 
41871.28236 
41871.28236 

1668.48181 
1657".89900 

7564.02920· 8807.54076 
13404.411124 14760.29006 
31419. '~6912 21779.63380 

7309.23128 18641.63231 
0.0 18269.38164 

24543.46441 0.0 
0.0 0.0 

4602.17056 10467.82059 
223.77877 0.0 

32077. a 1083 0.0 
0.0 0.0 

33538.7(}486 36722.73507 
0.0 0.0 
0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

1133.63876 0.0 
0. 0 39 i . 99998 

290.09995 290.09995 
0.0 0.0 
0.0 9.48716 
0.0 2998.17118 

J 469. 7~.475 1469.79475 
0.0 0.0 

-1202.39990'-1030.98484 
-1923.33958 -1299.29990 

-33.23000 -33.23009 -33.23000 -33.23000 
-33.23009 -33.23000 -33.23000 -33.23000 

-1202.39990 -1202.39990 -1202.39999·-1202.39990 
-1299.29990 0.9 0.0 0.0 

0.0 0.0 0.0 -1009.19995 
-1009.19995 -1009.19995 -1009.19995 -1009.19995 

-921.12915 -921.12913 -921.12915 -921.12915 
-921.12915-14398.10937************ -232.03970 

-1.00000 -1.90090 -1.69009 -1.00900 
-1.00000 -1.00000 -1.H0000 -1.00000 
-1.00000 -1.90000 -1.H0009 -1.00000 
-1.00000 -1.00000 -1.00000 -1.00000 
-1.00000 -1.00000 -1.00000 -1.00000 
-1.00009 -1.00000 -1.00000 -1.00000 

0.~ 
164H 0 .4908 1 

9.0 
3 1 179 . 6ti300 
4107 I .28236 
4 W7 1 • 2U2~16 

1668.40Wi 

9861.48:>04 
0.0 

12880.04932 
29093. 661.i99 
26031. 13~71 

7085.81669 
0. (~ 

10467.U2059 
0.0 ' 

2:>00.00000 
0.0 

36498.9J630 
0.0 

0.0 
9.09000 
0.0 
0.0 
0.0 
0.0 

290.09995 
0.0 

1009. 19995 
0.0 

1469.79475 
0.0 

-1009.19995 

-33.23000 
-33.23000 

-1202.39990 
0.0 

-1009. 19995 
-l009.199911 

";921. 12915 

-1.90000 
-1.00000 
-1.0(jOOO 
-1.00000 
-1.00000 
-1.00000 



-1.00000 -1.00000 -1.00990 -1.99909 -1.909" -1.99999 -1.99900 -1.99000 -1.09000 -1.90000 
-1.00900 -1.09000 -1.00000 -1.90000 -1.90009 - i .00000 -1.90090 -1.00000 -1.00009 

B VECTOR 
11899.99841 11899.99841 I Ie99. 99841 1 1899.99114 I 1 1099.99041 11899.99841 11899.99641 1 1899. 99841 1181}9.99MI 11899.99041 
IIB99.99841 I W99.99841 7509.00048 7500.00040 7500.00048 7500. (tll048 7500.00040 7500 . ~'f)048 7500.00048 T.iOO • tHHHS 
7500.00048 7500.00048 7500.00048 7500.0004U 60ri Ia. 6~J911 60513. ha911 6051:L 63911 60513. f>a911 60513.6a911 60:; 13.63911 

60513.63911 60513.63911 60513.63911 60513.63911 6051!L63911 (,05I:1.63911 tL0 0.H ~L0 0.0 
0.0 0.0 '0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.9 0.0 0.0 0.9 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.tl 9.0 0.0 
0.0 0.0 0.0 0.0 0.9 0.0 0.9 0.0 0.0 9.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.411 0.0 0.0 
0.0 0.9 0.0 9.0 0.9 0.0 200900.00900599000.00000 2000.09990 2590.00000 

947.66675 947.66675 947.66675 947.6(.675 947.66675 947.66(.75 947.66675 947.66675 947.66675 947.66675 
947.66673 947. (.6675 3C00.00009-29021.7BI76100fHW.00000 55000.000041 55000.00090 55{)00.~jJ(HH>0 55e>{H~.00000 55HOO.04HHHI 

lJ5000.00000 55000.00000 55C00. 00000 55000.004100 55(j00. OOOOH 55000. (J0004) 55000.09000 5:JaOI.!i IH25 ~{823H. 532B9 26699.83399 
24396.02714 25431.60026 30782.52967 45335.34464 63707.23919 03430.93945 53904.16323 82011.50455 73334.06844 

SIGN VECTOH 
1.00000 1.90009 1.00090 1.00000 1.00000 1.00000 1.00000 l.ijOOOO 1.00000 1.00000 
i . (}0000 1.00000 1.00000 1.00000 1.00000 1.00000 1.09000 1.(10900 1.00000 1.00000 
1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.410000 1.00000 1.4H>OOO 
1.00000 1.00000 1.00000 I.04WOO 1.00009 I.Hooon 1.00000 1.00000 1.00000 1.00000 
1.(}0000 1.00000 1.00009 1.00000 1.90000 1.00000 1.00000 i.HOOOO 1.00000 1.00000 
1.00000 1.00000 1.00000 1.00000 1.004:WO 1.00000 1.09090 1.00000 1.00000 1.00000 
1.00000 1.004100 1.00000 1.00"00 1.00000 1.00000 1.00000 1.0(}OOO 1.00000 1.00000 
1.(jOOOO 1.04W90 1.00009 1.00000 I.OO(}OO 1.00000 1.00009 1.00000 1.00000 1. (HJOOO 
I.COOOO 1.00000 1.00000 1.00900 1.00000 I. Huono 1.00090 1.un000 1.00000 i .tlt,)OOO 
1.00000 1.00000 1.00009 1.90000 1.00OOl) 1.041000 1.00009 1.00000 1.00000 1.00000 

N 
1.00000 1.00000 t.00900 t .00000 1.9000'} 1.(JCHHHl 1.90000 I.HOOOO 1.00090 1.00000 
1.09000 1.09000 1.90000 1.00000 1.00000 1.00009 1.09000 1.410000 1.00000 I.OUOOO 

~ 1.00000 1.90000 1.00000 1.00000 1.00000 1.00000 t .09009 0.0 0.0 0.0 
\.0 0.0 0.0 0.0 0.0 0.9 0.0 0.9 0.0 0.0 

CONSTRAINTS VALUES AND DUAL PRICES 

I 1 lUIS = 9.9 B= IlH99 • 9984 1 DUAL= 0.8 
I 2 IUlS= 7399.23128 B= 1 1099.99841 DUAL= 0.0 
I 3 lUIS: 1 1U99. 991141 B= I 1399. 991141 DUAL= 2~J. 61937 
I 4 IUlS= IIB99.99U41 B: 11099.9'W41 IHIAL= 1119.79193 
I 5 IUlS= 1 W99.99841 D= 1 HJ'}9 .99U41 DUAL= 1203.80235 
I 6 lUIS: I W99.99041 B= 1 1399. 99U41 DUI\.L= 221.27573 
I 7 IUIS= I W99.99841 B= I W'}9. 99U41 DUAL= 39.44091 
I 8 lUIS: 4:135.96922 B= 11899.99U41 DUI\.L= 9.9 
I «) IUlS= 3992.45765 D: I 1B99 .99U41 DUAL: 9.0 
I 19 HJIS= 29:J8.51337 B: 11099.9'Hl41 HUM.:: 0.9 
I: It IUlS= 1498.19443 B: I 1U99. 991.14 t DUAL= 9.0 
1= 12 lUIS:: 687.20783 B= 11099.99U41 DUAL= 0.0 
1= 13 lUIS= 9.9 B= 7509.90048 DUAL= 9.9 
1= 14 11I1S= 9.9 B:: 7509.0{\O40 DUAL= 9.0 
1= Hi lUIS= - I I 14. 2!J677 R= 7500.00048 DUAL= 9.0 
1= 16 lUIS: -2041.8l996 B= 7500.90048 DUAL: 9.0 
1= 17 IUlS= -4435. IUU52 B= 7599.00048 DUAL= 0.9 
1= 18 IUlS= -5994.81077 B= 7500.00048 DUAL= 9.9 
1= 19 IUlS= -7260.20958 B= 7500.09948 DUAL= 9.9 
1= 20 IUIS= 7509.00048 B= 7590.00048 DUAL= 9.90999 
1= 21 lUIS= 7599.90048 B= 7500.00048 DUAL: -0.09909 
1= 22 IUlS= 2955.M)425 B= 7509.90048 DUAL= 9.9 
1= 23 lUIS= 7500.00048 B::: 7500.00048 DUAL= 736.28234 
1= 24 IUIS= 7599.90048 B= 7500.00048 DUAL: 132.43115 
1= 25 HilS: 9.0 B= 69513.63911 DUAL: 0.9 
1= 26 lUIS= 7309.23128 D= 60513.63911 DUAL= 0.0 
1= 27 IUlS= 18(,41.53231 B= 60513.63911 DUAL: 9.9 
1= 28 lUIS = 29093.66999 B= 69513.63911 DUAL= 0.9 



Ix 29 RHS:s 38734.00531 B= 60513.63911 DUAL'" 0.0 
1= 30 IUIS= 47625.5U979 B= 60513.6:'911 HUAL= 0.0 
1= 31 IUIS= 51)U26.57781 B= 60~13.6:1911 I){}I\L:: 0.0 
1= 32 IUIS= 39U16.0U700 B= 60513.6:1911 DUAL= 0 .. 0 
1= 33 III1S= 26246.31767 8= 605 I a. 639 1 I IHJI\L= 0.0 
1= 34 IUIS= 19289.511992 8= 6051:1.6:19 I I IHJAL= 0.0 
1= 35 HlIS= 8640.90525 H= 60~ ta. 6:1911 IHML= 0.0 
1= 36 IUlS= 0.00000 8= 6051:1.63911 JHJI\L= 0.0 
1= 37 IlIIS= 0.0 8= 0.0 DUAL= 104.95507 
1= 38 IUIS= -7309. 2:J 126 B= 0.0 BIJAL= 0.0 
1= 39 IUlS= - 1064 I .532:11 B= 0.0 IHJAI.= 0.0 
1= 40 IUIS= -29093. 66(~99 B= O.H JHJAL= O.H 
1= 41 IUlS= -38734.O0;;31 B= 0.0 IIlJAL= 0.0 
1= 42 IUIS= -47625.5U979 B= (to 0 HUAL= 0.0 
1= 4:l IUIS= -55026.577UI B= O.0 InIAL= 0.0 
1= 44 IUlS= -39UI6.0U700 B= 0.0 lIlJAL= 0.0 
1= 41) IUIS= -26246.31767 B= 0.0 ml"!.= 0.0 
1= 46 HlIS= - 19209 . 5U9()2 8= 0." DlJi\I.= 0.0 
1= 47 IUIS= -S04U.9Bli25 B= 0.0 BUI\L= 0.0 
1= 40 IUIS= -0.0H000 B= 0.0 HUM.= 113:J.63876 
1= 49 IUIS= -10269. 3U 164 B= 0.0 HUM.= 0.0 
1= 50 IUlS= -26031.1:m71 B= 0.0 JHJI\\.= 0.0 
1= 51 HIlS:: -260:11. laS7t B= 0.0 IHII\I.= O.0 
1= 52 IUIS= -2603 I. 1:\571 R= 0.0 IHJAL= 0.0 
1= 53 IIIIS= -26031. 1:1571 B= 0.0 IHJI\L= 0.0 
1= 54 IUIS= -26031. 13571 B= 0.O BlJAL= 0.0 
I:: 55 IIIIS= -IH034.56722 R= 0.0 JHJAL= 0.0 
1= 56 IlIIS= -2:W74. 15 Hi I B= 0.0 JHJI\L= ".0 
1= 57 IUIS= - 1701 .72977 B= 0.0 IHJAL= 0.0 
1= 58 IUIS= -24543.46441 R= 0.0 HUAl.= 0.0 
1= 59 IUIS= -0.00000 B= 0.0 IHJI\L= 391.99998 
1= 60 lUIS= -7085.81 M)') B= 0.0 nUI\L:: 0.0 

N 
1= 61 IUIS= 0.00000 B= 0.0 HlJAL= 19:J. 19995 
I'" 62 lUIS= 0.00000 B= 0.0 HUAL= 21.784U9 

i..Jl 1= 63 lUIS= -7507.62915 B= 0.0 HUAL= ".0 0 1= 64- IUIS= -1069 I .5'}936 B= 0.0 nUAI.= O.0 
1= 65 IUIS= -10467.82059 B= 0.0 J)UAL= 0.0 
i= 66 IUIS= -5865.65002 B= 0.0 mJI\L= 0." 
1= 67 lUIS= 0."0000 B:: 0.0 HUAl.= 19:L 19995 
1= 60 JlJIS= 0.00000 B= 0.0 I)uAL:: 290.099'i5 
1= 69 IUIS= 0.0 B= 0.0 OUAL:: 290.09995 
I:: 70 IUIS= 0.00000 B= 0.0 DUAL= 290.099'Hi 
1= 71 IUIS= 0.0 B= 0.0 OUAL= 682.09993 
1= 72 IUIS= 0.00000 B= 0.0 DUAL= 290.09995 
1= 73 IlIIS= -10467.82059 B= 0.0 nUAl.= 0.0 
1= 74 IUIS= -10467.82059 B= 0.0 OUAL= 0.0 
1= 75 IUIS= -2960.19144 B= 0.0 DUAL= 0.0 
1= 76 HIlS= -".00000 B= 0.0 DUAL= 1009.19995 
1= 77 IUlS= -0.00000 B= 0.0 DUAL: 999.71279 
1= 78 lUis: -4602. 17056 B= 0.0 HUAL= 0.0 
1= 79 IUlS= -10467.82059 8= 0.0 OUAL= 0.0 
1= 80 IUIS= -10467.82059 B= 0.0 DUAL= 0.0 
1= 81 IUlS= -10467.02059 B= 0.0 OUAL= 0.0 
1= 82 II liS = -10467.82059 B:: 0.0 DUAL= 0.0 
1= 83 IUIS= -10467.U2059 B= 0.0 DUAL= 0.0 
1= tHo lUIS= - HH67. 82059 B= 0.0 DUAL= ~.0 

1= 85 JIJIS:: 0.00000 B= 0.0 UUAL= 1009.19995 
1= 06 lUIS = 0.00000 B= 0.0 DUAL= 1009.19995 
1= 07 HlIS= 0.00000 B= 0.0 UUAL= 1009.19995 
1= 88 HIIS= -223. 77U77 B= 0.0 DUAL= 0.0 
1= U9 HIIS= 0.00000 B= 0.0 DUAL= 9.48716 
1= 90 lUIS:: 0.00000 B= 0.0 ImAL= . 1009. 19995 
1= 91 HIIS= -0.00000 B:: 0.0 DUAL= 1009. 19995 
1= 92 nBS= -0.00000 B= 0.0 nUAL= 1009. 19995 
1= 93 lUIS = -0.00000 B= 0.0 DUAL= 1009.19995 
1= 94- IUIS= 0.00000 B= 0.0 nUAL= 1009. 199'Hi 
1= 95 IllIS= 0.0 B= 0.0 OUAL= 1009.19995 
1= 96 lUIS = 0.0 B= 0.0 DUAL= 1009.19995 



[= 97 lUIS: 00708. 8387lJ B= ~.00~~ DUA.L: 0.0 
1= 96 lUIS:: 467922. 6U'} 17 B= 500000 . 00000 DUAL= 0.0 
1= 99 HilS:: 2000.00000 B= :WOO.OOOOO I)IJAL= 290H.17118 
1= 100 III IS: 0.0 B= 2:;00.4IHOOO DUAL= 0.0 
1= WI lUIS= 947.66675 B= 94·7.66675 JHJAL= 1372.69475 
I:: 1112 IIJlS= 947.6h675 B:: 947.6M,75 IHJAi.= 1201.479fJ9 
1= 103 HlIS= 947.6(,675 B= 9,t.? M)675 OVAL= 1 17() . 694110 
1= 104 HIIS= 947.66675 D= 947.66675 IHJAL= 17H.4(}4Uu 
1= 105 HlIS= 947.66675 B= 947.66675 1111 !\ 1,= 179.98201 
1= HI6 IIIIS= 947.66675 D= 941.6M,75 J)lJ!\L= 1179.694UO 
1:: 107 II liS:: 947.66675 H= 'i'1-7.6f,(075 J)\JI\L= 1:172.1194',5 
I:: Ion II liS:: 94-7.66675 B:: 947.M.t.75 HlIAL:: 146'i.79475 
1= 109 HilS: 947.·6(,675 B= 947.66675 ()IIAL= 1469.79475 
1= 110 HilS:: 947.6f,675 B= 947.M.675 J)(IAI.:: 1464.7947u 
I:: II I IUIS= 947.6667u B'" 9-1-7. 6667u IlII!\L= !U61.7947:J 
1= 112 HIlS'" 947.66(,7u B= 947. (,f,67u nUI\L= 1469.79475 
I:: 113 HIlS:: 720.81507 H= 3(HW. 4)(Ht00 HUAL= 0.0 
I:: 114 lUIS'" -20021.7UI76 B= -20021.711176 UUA!.= 1091.62400 
1= li5 IIIIS= 0.0 H= 100000.00000 nUA!.= 0.0 
1= 116 lUIS= 36730.61036 B= GG04)0.00000 DUAL= 0.0 
1= 117 IUIS= 28960.06429 B= 55000.00000 HUA!.= 0.0 
1= 110 lUIS:: 2 146 I . 2:J5 14 Ii: 550410.011000 JHJAI.= 0.0 
1= 119 HIIS= W277.264'J3 H= 5500o.4-WOOO DUAL= 0.0 
1= 120 IUIS= 14150 I • 4H:J70 8= 55000. ~HH)OO J)lJAL= 0.0 
1= 121 IUlS= 23103.21426 H= 55000.00000 DUAI.= 0.0 
1= 122 IUIS= 36965.43278 B= 550~H'. 00000 DUAL= 0.0 
1= 123 IIIIS= 31125.04U49 B= 55~H)0. 00000 UUA!.: u.o 
1= 124 IIIIS= 5a298.27023 B:: 55000.041000 1H1!\l.= lLO 
1= 125 HlIS= 30456.53559 B'" 55(WO.000OO Ill/AI.:: 0.0 
1= 126 IUlS= 55000.00000 H= 550HO.OOOOO nUAI.= 232.03970 
I'" 127 H\lS:: 47914.10331 H= 55000.00000 UUA!.= 0.0 
1= 128 IUlS= 5a:J01.51U25 B= 53ao I .5 1025 DUAL= -120:!.39990 

N 1= 129 IUlS= 38230. 532U9 B= 3U2aO.5:l2U9 I)UAL= - 1030. 904U4 

\Jl 1= 130 lUIS: 26699.ua399 H= 266o,19.n:J399 I)UAL= -1009.19995 

f-' 1= 131 lUIS= 24396.02714 u'" 24:1<,16.02714 [WAL'" 0.0 
1= 132 IUIS= 2543 I . 60U26 B= 25-1·a I .60026 DUAL: -9.48716 
1= 1:J3 II liS = 30782.52967 U= 30702.52967 DUAL= - H~OCj. 19()95 
1= 134 IUlS= 45335.34464- B= 45a~m . 34464 DUAL:: -t20:!.a9990 
1= 135 IllN= 63707.23919 8= 6~J767 . 2:1919 HUAL= -1299.299')0 
1= 136 HIIS= 8:H38.9a945 B= 834aU.9:l945 HUAL= -1299.29999 
1= 137 IllIS= 53904. H,a23 8= 539U4.16:J23 nUAL= -1299.29990 
1= 138 IUIS= 82011.5~455 B= 820 11.50455 DUAL= -192:}.3a950 
1= 139 IUIS= 73334.96044 B= 73334. 96U44 DUAL= -1299.29990 



N 
lJl 
N 

Ui" 
IM= 
IM= 
IM= 
IM= 
HI::: 
IM= 
1M:: 
IM= 
IM= 
IM= 
IM= 

HI= 
IM= 
IM= 
IM= 
IM= 
IM= 
IM= 
IM= 

CONSOLIDATED 

MAXIPIAL MONTHLY SUPPLY: 2&031.14 
MAXIMAL DAILY SUPPLY= 867.7e 

PANHANDLE 

MAX I MAL MONTHLY SUPPL Y= 41871. 28 
MAXIMAL DAILY SUPPLY= 1395.71 

i FSN" 0.0 SUP 1" 7761.75 
2 FSN= -7309.23 SUPl= 0.0 
3 FSN=-11332.30 SUI'I= 0.0 
4 FSN=-HH52.14 SUI' I'" 0.0 
5 FSN= -964,0.34 SUPI= 0.0 
6 FSN= -889 I . 58 SUI'I: 0.0 
7 FSN= -8200.99 SUI'I= 7996.57 
n FSN= lMH9.49 SUPl:: 2tG6.98 
9 FSN= 131Hi9.77 SUPI= 24329.41 

10 FSN= 6956.7:l SUPI: 1407.67 
II FSN= 10449.60 SUPI= 26031.14 
12 FElN: 8848.99 SUPi:: 18945.32 

SUPWH= 2000.000 
SIWFL= 0.0 
DJ'RO= 720.816 
DSTC= 0.0 
DPT1= 16570.900 

OPTIPIAL SOLUTION CHARACTERISTICS 
******************************** 

SUP2: 4187 L 28 SUPV= 41871.28 PROD= 
SUP2= 41871.28 SUI'V= 41871.28 PROD= 
SUP2= 34363.65 SUPV= 34363.63 PROD= 
SlJP2= 31179.68 SUPV= 31493.46 PROD= 
SUP2= 31493.46 SUI'V= 31403.46 PHOD" 
SUP2= 36095.63 SUPV= 36005.63 PROD: 
SUP2= 41871.28 SUPV= 41871.28 PROD= 
SUP2= 4 l87 I .28 SUI'V= 4187'.28 PROD= 
SUP2= 41871. 2U !-IUI'V= 41871.28 PHOI):: 
SUP2= 41871. 2U SUI'V= 41871.28 PIlon= 
SUP2= 41871.2U SUPV= 4187 I .2U PIlOD= 
SUP2= 41871.28 SUPV= 41871.28 PROD= 

1668.48 
1668.48 
1668.48 
1668.48 
166U.48 
1668.48 
1668.48 
1668.48 
1668.48 
1668.48 
1668.48 
1660.48 

TOTAL DEMAND CHA.RGE= 
TOTAL COIDIOD lTV CHARGE: 
TOTAL STORAGE COST: 
TOTAL WINTER CHARGE: 

41356436.81 
579116891.64 

3710233.00 
7068904.85 

OR 0.06057 
OR 0.MU14 
OR 0.00543 
on 0.01035 

OF PUN IMUPI COST 
OF MIlH mm COST 
OF MINlmm COST 
OF MINflIiUM COST 

SUMMARY OF MONTIIL Y STORAGE GAS FLOWS AND STOCKS 

1 GSTOR= 0.0 RSTOR= 0.0 GINST: 0.0 GIJIIAX= 11900.00 GOUST= 
2 GSTOR= 0.0 RSTOR= 0.77 GINST= 7309.23 GIl1AX= 11900.00 OOUST: 
3 GSTOR= 7309.23 RSTOIl= 0.82 GINST: 11332.30 GIMAX= 11332.30 GOUST= 
4 G."TOIl= 18641.53 RSTOIl= 0.90 GH~ST= 10452.14 GIMJ\X= 10452.14 GOURT= 
5 GS1'OR= 29093.61 RSTOH= 0.91 GINST= 9640.34 GIHI\.X= 9640.34- GOUST= 
6 GSl'OR= 38734.01 RSTOIl= L03 GINST= 8891.58 GflItAX= 8891.118 GOUST= 
7 (,.8'1'OR= 47625.59 RSTOJl= L09 GINST: 8200.99 GIMAX= 8200.99 GOUST= 
8 GSTOIt= 55826.58 RSTOR= L 15 GINST= 0.0 GIMAX= 7564.03 GOUST= 

DGPfI'a 53301. 52 
DGl'IT= 38230.63 
DGPIT= 26699.83 
DGMT= 24396.03 
I)Gl'IT= 25431.6 I 
DGPIT= 30782.53 
DGPIT:: 45335.34 
DGMT= 63707.24 
DGl'IT= 63438.94 
DGPIT= 53904. 16 
DGPIT= 8201 I .50 
DGl'IT= 73334. 07 

0.0 GOMA)I{: 75".08 
0.0 GOI'IAX= 7500.00 
0.0 GOMAX= 8fl14.26 
0.0 GOI'Wl{= 10341.81 
0.0 OOJlIAX= 11935.19 
0.0 GOMAX= 13404.81 
0.0 GOMAJ{= 14760.29 

16010.49 OOMAX= 16010.49 



11'1= 9 
IN= 10 
In:: II 
IN= 12 

IN= 
IN= 2 
IH= 3 
I iI= 4 
I!'l= ;) 
III= (J 

It!: 7 
IU= il 
I I1= () 
IN: 10 
HIoo 11 
Hl=12 

HI= 
IN= 2 

N J fl= 3 
In IN: 4 
W ITI= 5 

Woo 6 
In: 7 
HI= B 
I I1= 9 
II!= 10 
nI= 11 
11'1=12 

CSTOfi= 39B16.09 HSTOn= 1.04 GrNST:: 0.0 
GSTOll= 26246. :3~ FlrI'Oll= 0.9J GINST:: 0.0 
GSrOH= l')2U') .1)9 nSTOll= 0.90 GINST= 0.0 
GSTOH= UU4U.9<) nSTOH:: 0.U3 GINS'!':: 0.0 

YEAHLY FLOlv I NTO STOlli\(~E= 55n~6 .!H3 
YL'\llL Y .FLOH OUT m' STOHAGE= 5GU26.5U 

VGINS= 0.0 VGOlTS-= 
VGINS= 0.0 VGOUS= 
V(;I,j:-;= 23.619 veOI1:,= 
VGIJiS= 1119.792 veolJs= 
VG I m;= 1203.B02 VGOlIS~ 

\'GlfIS:: 221. :27(, VGOUS= 
VGHIS:: 30.·{.40 VGOIlS= 
\iGItlS= 0.0 VGOUS= 
ve; I N~,= 0.0 VGOUS= 
V(; I N:.,= 0.0 VGOIlS" 
VGIlIS= 0.0 VCOIlS:: 
VGINS= 0.0 VGOUS: 

DUt\L VJ\.LU[S SUJ1NMlY 

******************** 

~.O VSNJ\X= 0.0 
J.O VSHI\X= 0.0 
J.O vsn\x= 0.0 
J.O VSN!doo 0.0 
J.O VSNI\X= 0.0 
3.0 VS~lA};= 0.0 
;).0 V~~f'l,\}{= O.t) 
;}.o~ooo VSflA}:= 0.0 

-J.OOOOO VSNi\X= 0.0 
).0 VSNi\X= 0.0 

73 ~ • 2fl2~J4 VSrli\ X= 0.0 
132.43115 VSNAX= 0.0 

GIl'II\X:: UB07.iH; GOUST" 1:1569.77 
GIfI'\X: ')U(II.4'() GOU:.,T= (dt)(,.7:\ 
C I r!1\;(= 10101.g0 COUST= 10-1<40.(,0 
GINA};= 11212.71 GOUST= UB4U.91) 

YS'NIN= 104.955 
"SHIN:: 0.0 
VE.-rIIN-= 0.0 
vsm N= 0.0 
VSrllN= 0.0 
\'~rIIN= 0.0 
\'SrII N:: 0.0 
\lSNIT!= 0.0 
vsm N= 0.0 
v~-mrH= n.o 
vsm N= 0.0 
VSHIN= 1133.639 

**************************** *********************************~~***~:************* 
VI X= 0.0 V2X= 193.200 VVV= 0.0 VRUV= 1009.200 vnern': - 1202. 4,00 
VIX:: 0.0 V2~{= 21.705 VVV= 0.0 \lSU\': 1009.200 VI)(m'I'= - 1030. t)Wi 
VIX= 0.0 v:!}~= 0.0 VVV= 0.0 \,[-;U\'= 1009.200 vJ)(;r 1'1'= - 1009. 200 
VI ){= 0.0 V!!~{:: 0.0 VVV= 1009.200 VSUV= 0.0 VUGH!'= 0.0 
VIX:: 0.0 V:!X= 0.0 VVV= 999.713 VSU\'= 'J.4117 VD(;rrl'= -1).4·87 
VIX= 0.0 \i21~= 0.0 VVV= 0.0 W:UV= lOO9.:WO VUCl'!'!'= - 1 n09 . :WO 
VI X= 0.0 V:~X= 19a.200 VVV= 0.0 VSUV= lOO').200 VllI;rrr= -1202.100 
V IX::: 0.0 V:!X= 290.100 VVV= 0.0 V8IJV= lOO').200 V1}crrl'= - 1299 • ~oo 
VI x:: 0.0 V2}~= ~~90. 100 VVV= 0.0 vsuv= 1009. ~!OO VD(mI'= -121)9. :WO 
VIX= 0.0 V2X: :~90. 100 VVV= 0.0 \'8UV= IOO').2un VIH;I'fI':: -1299. ~J(JO 
VIX= 31)~.OOO V2}i= 6U2.100 VVV= O.',} \'suv:: iV09.2CO VUGrrI'= -192a.:J40 
VIK= 0.0 V2X= 290.100 VVV= 0.0 VSUV:: 100') .200 VDGl'lT= -1299.300 

VSIT:: 0.0 
VS2T= 0.0 

**************************** *************:r.:r.********:r.****:j;****:t::t:********~:******** 

IN:: vpno= 1372.89473 VfItAN= 0.0 
HI= 2 Vl'no= 1301.47()fI9 VTIlM{:: 0.0 
HI:: a V1'1I0= 1179.6().1.U) VTIV1N= 0.0 
J )-1: .!- VI'HD" 170. 4()·! B5 VTHAN= 0.0 
HI:: n VPHO= 1'9.()U:!Ol VTIV\['{= 0.0 
HI:: 6 Vl'IlO= 1179.694UU VI'MH= 0.0 
HI:: 7 VI'HO= 1372.09475 VTItAH:: 0.0 
III:: 3 Vl'no= 1469.79'/,75 V'f'Hi\f!= 0.0 
HI:: t) VPHO= 1469.79475 VTIIJ\lI:: 0.0 
I II:: 10 VPHO= 14,69.7947{; VTItAN= 0.0 
IN= 11 VPHO= 1U61.79473 VfHAN:: 232.03970 

Got[AX= 1~~61).77 
(;(l:{!\X= lJ;:~) I. j.:! 
(;01lM{= W4.q!I.(,O 
GONAX= UH4B.l)') 
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VI 
~ 

OUTPUT OF SUBROUTINE DIST 
.=B====:==.========:==~== 

PEAK: ml'ITH= 9 PEAK LOAD: 83438.94 

'I'I\AnSNISS ION PlARCINAL COST: 

DISTRIBUTION NARGINAL COST: 

REPP I S= 223'18524. 476 
1UTPIS= 1136943932.476 
DEPEXP= 33+47110.956 
TAPD: 282293744.087 
RETPIS~ 685750016. 

OOPREV: 2603844.472 
ONUINC= 3385660.777 
0~~2= 125827831.450 
ACOI'EX= 827850056. 409 
PRPTAX:z 18600751 .73G 
PAYTAX= 377463G.094 
iRVTXCa 52070528.0 

R0= 30952327.652 
XI: 106821438.752 
X2= 6~694598.167 
X3= 75790442.516 
X4:z 850233643.237 
Kn= 966671617.156 
X6= 5989525.249 

NEWPIS= 498326784. 
DGT= 690663.319 
OMCl= 668583114.003 
X= 969982091.998 
PAVG= 1598.396 

6.0 

1954.964 

NEW TRAl'fSNISSION PLANT= 9 •• 

NEW DISTIUBUTION PLANT=. 383'113792. 

OUTPUT OF SUBROUTI HE REVREQ 
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\J1 
\J1 

OUTPUT OF SUBROUTINE EVAL2 
a=~.======e==========:==:= 

GAB CONSUMPTION EVALUATION CRITERIA 
*********************************** 

PEAK I1ONTH= I) 
PEAK LOAD (MHCF)" 83438.94 
LOAD FACTOR= 8.5999 
TOTAL GAS CONStmPl'ION" 696653.31 

TDEORETICAL EQUILIBRIUN VOLUMETRIC RATES= 1598.396 
EQUILIBRIUM GAS SALES REVENUE REQUIREl1ENT= 96998299 1. 91 

EFFICIENCY CRITERIA 
******************* 

mwm .. I 
MOIITH= 2 
MONTH" 3 
HONTH" 4 
I1ONTH" 5 
I1ONTH" 6 
HON11I= 7 
HON11I" 8 
I1ON11I:: I) 
I1ONTII= Ie 
NONTU'" i I 
MONm .. 12 

RES IDENT I AL SURPLUS" 
RESIDENTIAL SUJU>I.US= 
RESIDENTIAL SUHPLUS= 
RESIDENTIAL SURPLUSa 
RESIDENTIAL SURPLUS:: 
RFSIDENTIAL SURPLUS: 
RESiDENTIAL SURPLUS= 
RESIDENTIAL SURPLUS" 
RESIDENTIAL SURPLUS" 
RF~IDEl'ITIAL SURPLUS= 
RESIDENTIAL SURPLUS: 
RESIDENTIAL SURPLUS" 

114563728. 
68356528. 
32993153. 
25920031. 
27713679. 
46512263. 
96368912. 

149183698. 
211230768. 
132375835. 
286797867. 
179888441. 

ACTUAL GAB SALES REVElHJES" I ~27 US52. 99 

GAS SALES REVENUE SURPLUS ( ... ) OR DElI'IClT (-) .. 

TOTAL RESIDENTIAL SURPLUS 
TOTAL COHMERC I AL SURPLUS 
TOTAL INDUSTRIAL SURPLUS 
TOTAL CONStmER SURPLUS 

1284728783 • 
514640928. 

1025194291. 
2824563995. 

PRODUCER SURPLUS 143151584. 

TOTAL SURPLUS 2967716498. 

COMMF..RC IAL SURPLUS: 
COMMERCIAL SURPLUS: 
COffllERC I AL SURPLUS= 
COMNERCIAL SURPLUS'" 
cmmr.nc I AL SURPLUS" 
COMl'lERC I AL SURPLUS= 
COMl'rERC IAL SURPLUS", 
COMl'lF.RC I AL SURPLUS: 
COMmmC I AL SUru'LUS .. 
COMl'IERC I AL SURPLUS= 
COMIF.R.C [AI. SURPLUS= 
COMIERCiAL SURPLUS= 

1818946! .80 

45m81H. 
28243383. 
14781796. 
12092202. 
12801953. 
19548165. 
36600861. 
58954721. 
821J96955. 
51623960. 
00909243. 
79649568. 

Il"IDUSTRIAL SURPLUS" 
iNDUSTRIAL SURPLUS" 
INDUSTRIAL SURPLUS" 
INDUSTRIAL SURPLUS= 
INDUSTRIAL SURPLUS" 
INDUSTRIAL SUJU>LUS= 
INDUSTRIAL SUJU>LUS= 
INDUSTRIAL SURPLUS= 
INDUSTRIAL SUJlPLUS'" 
INDUSTRIAL SURPLUS= 
INDUSTRIAL SURPLUS: 
INDUSTRIAL SURPLUS: 

~5. 
82754151. 
17400422. 
16426623. 
77600937. 
79347913. 
85941388. 
93697754. 

102:194599. 
59775534. 

UH933343. 
97913543. 





APPENDIX G 

COMMENTS OF FIRST DRAFT REVIEWERS 

This appendix contains the comments of reviewers of an early draft of this 
report: Walter J@ Cavagnaro, California Public Utilities Commission; 
Stephen P. Reynolds and other staff, Pacific Gas and Electric Company; and 
John R. Yurtchuk, National Fuel Gas Distribution Corporation. 
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'uhlir 1[tt1ili211 OlummiBBiun 
STATE OF CALIFORNIA 

January 7, 1981 

Dr. Jean-Michel Guldman 
Senior Faculty Associate 
The National Regulatory Research Institute 
The Ohio State University 
2130 Neil Avenue 
Columbus, Ohio 43210 

Dear Dr. Guldman 

ADDRESS ALL COMMUNICATIONS 

TO THE COM MISSION 

CALIFORNIA STATE BUILDING 

SAN FRANCISCO, CALIFORNIA 94102 

TELEPHONE, (415) 557· 0507 

FILE NO. 

Thank you for the opportunity to comment on the draft of your 
Gas Capacity Cost Study. NRRI is to be commended for initiating 
studies in this area and it is hoped that such studies will 
continue. I would like to stress that CaliforniaTs interest 
mainly focuses on Gas Supply Cost including storage and transmission 
facilities. In California, we have experienced rapidly escalating 
Canadian gas prices which together with the phased deregulation of 
domestic gas is presenting us with marginal supply cost substantially 
in excesS of average cost. I am enclosing for your information, 
a copy of a paper presented by Irwin M. Stelzer at a seminar on 
August 6, 1980. His view on the marginal cost of gas (Page 6) is 
quite interesting. 

Through my association with other state commissions and NARUC, as 
well as our experience in California, I feel there is a need to 
develop a simplified marginal cost methodology and recommendations 
for reconciliation between marginal cost and the revenue requirement 
in meeting the PURPA goals of conservation, efficiency and equity. 
I hope that NRRI will provide the states with such a report as soon 
as pas sible. I would als 0 encourage you to devel op the link between 
your model and the utilities resource planning models. I am sure 
that PG&E will continue to cooperate with you in your further 
studies. 

Very truly yours 

',JuJL~u~ 
Walter J. Cavagnaro 
Energy Policy Staff 
Policy and Planning Division 

WJC: asa 
cc Steve Reynolds, PG&E 
att 
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PACIFIC GAS AND ELECTRIC OO~FANY 

+ 77 BEALE STREET • SAN FRANCISCO, CALIFORNIA 94106 • (415) 781-4211 • TWX 910-372-6587 

S. P. REYNOLDS 

MANAGER 

RATE DEPARTMENT 

December 19, 1980 

Dr. J. M. Guldmann 
Senior Faculty Associate 
The National Regulatory Research Institute 
The Ohio State University 
2130 Neil Avenue 
Columbus, Ohio 43210 

Dear Dr. Guldmann: 

Thank you for the opportunity to comment on Chapter 3 of the 
final draft of your gas capacity cost study. Although Pacific Gas and 
Electric Company is not generally supportive of either an econometric 
or a historical approach to estimating marginal costs, we read your 
study with interest. The draft has been circulated within PGandE, and 
many of our staff have had a chance to review it. Attached please find 
a summary of their comments. Should you require additional information, 
please do not hesitate to contact either Mr. T. C. Long (Ext. 4743) or 
Ms. L. G. Baldwin (Ext. 2998). 

You may also have our approval to release the study to 
Mr. Walter Cavagnero of the California Public Utilities Commission. 
We might suggest, however, that you send him a copy of PGandEls comments 
along with the report. 

Sincerely, 

Attachment 
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PGandE Comments on Chapter 3 -
Gas Capacity Cost Study 

PGandE agrees with you that research in the area of gas distribution 
costs has been limited, and, thus, applauds the objectives of your study. You 
cite several weaknesses with the analysis performed by previous researchers 
(the Real Estate Research Corporation): designation of prototype neighborhoods 
too general to be of much use; failure to reflect costs due to differences in 
terrain, topography, and climate; no investigation of costs for commercial and 
industrial customers; and, neglect of the situations that may cause different 
types of investment, such as reinforcement, pressurizing, or extension. Your 
approach makes some good progress towards addressing these shortcomings in its 
recoqnition of the importance of localized conditions in evaluatinq qas distri-
bution costs. ' ~ ~ 

PGandE would, however, like to offer comments on your study along 
two veins. The first section of our comments deals with the conceptual 
economic basis for evaluating marginal costs. This is followed by a 
discussion of more specific topics: the econometric model specification, the 
data supporting the analysis, the interpretation of results, and areas for 
further work. 

I. Conceptual Basis for Marginal Costing 

Your stated objective (p. 15) is to perform an econometric analysis 
of distribution plant costs, and to use the resulting distribution plant cost 
functions to predict future costs and marginal costs. Your use of cross­
sectional regression analysis and of historic accounting cost data to support 
that analysis, however, make us skeptical that your model has the capability 
of predicting future costs (if what you mean is next year1s costs as opposed 
to the costs of a 95th PGandE community). Verification of the predictive 
ability of your model would be a desirable addition to the analysis. We also 
have reservations about the applicability of your model to gas marginal costing. 
It would be helpful to the reader for you to define what you mean by marginal 
costs early on in Chapter 3. 

PGandE defines the marginal cost of gas service as lithe change in 
the total cost of supplying gas as a result of a change in the quantity 
supplied. 11 Gas service involves the process of hooking up customers, 
acquiring gas supplies, and then providing a gas system that delivers the 
supplies to the customers. Accordingly, we view the marginal cost of gas 
service as having three components: a marginal customer cost; a marginal 
commodity cost; and a marginal capacity cost. The marginal customer cost is 
associated with providing service to an additional customer. The marginal 
commodity cost is the variable cost of providing the last unit of gas 
supplied. The marginal capacity cost is related to constructing and main­
taining a system with sufficient capacity to meet the last unit of peak day 
gas demand. Therefore, your designation of marginal distribution costs 
overlaps with two of our identified marginal cost components - the marginal 
customer cost and the distribution portion of the marginal capacity cost - one 
of which varies with a change in customers, and the other with a change in 
demand. Your specifications, however, attempt to explain all distribution 
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investment with either customers or sales and do not attempt to break down the 
cost of distribution plant investment by cost causation. 

PGandE is suspicious of the use of historic accounting data to 
calculate marginal costs. Marginal costs, by their nature, are prospective, 
forward-looking costs j not historic costs. Only those costs which result from 
investing in resources to supply and deliver additional increments of gas or 
to hook-up additional customers, should be counted as marginal costs. Sunk 
costs, or costs which are presently on the books, are not considered costs 
in an economic sense. Thus~ the use of historic accounting costs (which in 
PGandE's case include investments made back as early as 1910), coupled with 
the limitations of the data described below and your assumptions concerning 
vintaging, make us skeptical that your approach will produce marginal costs 
that are grounded in economic theory. 

II. Discussion of Specific Topics 

The Appropriate Use of Cross-Section Regression Analysis 

In principal, cross-section regression is appropriate for analysis 
of long-run cost determinants but is not suitable for analysis of short-run 
adjustment to changes in cost determinants. This distinction follows from 
recognition that the information isolated by cross-section analysis is 
consistent only with the economic concept of the long-run, i.e. the period of 
time in which all factors are fully variable. 

Ideally, cross-section data represent a wide and independent 
variation of the factors that determine the cost of distribution capacity. 
Moreover, each cross-section is held to be in full adjustment to the local 
determinants of cost. Regression analysis on cross-section data therefore 
focuses on the relationship that independently varying cost determinants have 
to total plant cost under conditions of full adjustment, in particular, 
adjustment to long-run equilibrium. 

Data Limitations 

You state on page 20 of your study that IImost gas distribution 
utilities keep track of their capital investments at the"community level. 1I As 
you know, PGandE does not maintain statistics on distribution plant for 
individual communities. Therefore, as we agreed, the PGandE data on distribution 
cost ce by communi es was oped as the product of the miles of 

stribution gas mains in each community and the system historical unit cost per 
mile of distribution main. 

This approach allocation of hysjem historical costs between 
individual communities obscures many of t e actors that cause real" variation 

pl costs between communities. For example, the local differences in 
distribution costs due differences in technology, pre-existing land uses, 

local terrain can not be discerned. Furthermore, it may be that the mileage 
of gas mains is not a suitable basis for allocation of total system costs between 
communities th varying proportions residential; commercial and industrial 
customers. 
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PGandE acknowledges that your model makes some intuitive sense: the 
cost of distribution capacity is a function of weather) density, and composition 
of customer population. However, because of data limitations, the interpretation 
of the model results are less clear. For example, since the unit cost per mile 
of distribution main does not vary by community, _isn't the dependent variable 
really the miles of gas main per community? 

An effect of the method by which historical data was generated for 
community level distribution plant is to impose the assumption that the vintage 
composition of local plant is constant across all communities. PGandE does not 
verify the assumption of similar vintages of plant across communities as you-cTaim 
(page 22). Indeed, we are certain that the vintage of distribution plant varies 
substantially across PGandE service communities. 

As noted (page 21) one obvious problem with your approach is II re l ated 
to the use of the original cost balance for measuring the value of plant in 
service, instead of its replacement costs, which should be the correct reference 
for measuring total and marginal costs.1! The fact that the vintage of distribution 
plant varies substantially between PGandE communities compounds this problem. 
As a result, the estimated model cannot be used to predict historical plant 
costs for any given community. 

Dynamic Analysis 

PGandE has two comments concerning your dynamic analysis of distri­
bution costs. First, analysis of the change in capacity cost should be 
adjusted by the initial conditions of local capacity utilization: for 
instance, is the current situation one of overcapacity or undercapacity? 
Second, the historical cost method of plant accounting may misrepresent the 
cost for addition of incremental capacity. 

First, the dynamic analysis must be qualified with respect to the 
level of PGandEls capacity utilization in 1979. Under normal conditions 
investments in transmission and major distribution facilities have lead 
times and life times longer than one year, so that the planner typically 
prebuilds for anticipated growth. However, the significant dislocations in 
the energy market over the last decade have caused the system to diverge 
from normal levels of capacity utilization because of a substantially lower 
average use per customer than estimated earlier for planning purposes. 
Because of this reason, the use of a single period analysis under the recent 
conditions of excess capacity may have yielded costs that are lower than will 
be required on average in the future. 

Second, the dynamic analysis focuses on the change in the distribution 
plant cost for one year and relates this change in cost to the change in 
customers. A problem exists with this approach in that the procedures of 
historical cost accounting may introduce an upward bias on the cost of additional 
plant. Load growth may be by upgrading an existing pipeline with a larger 
diameter pipeline. In the instance of pipeline replacement the book investment 
in the larger pipeline is based on current cost. Meanwhile, the smaller pipeline 
that is replaced, is retired from plant based on its historical cost. As a 
result, historical cost accounting will tend to overstate the year to year 
increase in plant. 
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Interpretation of Regression Estimates 

PGandE has several comments that relate to the general results of 
the regression analysis: 

Plausibility of Cost Estimates: nds II short-run ll residential 
marginal cost to be low, while the IIlong-runll residential marginal cost are 
difficult to judge. The Gas System Planning Department provided the following 
estimate of the total a typical sub-division customer: 

Service: 
Meter & regulator: 

Total (without main): 
Local main: 

Total (with main): 

.00 
65.00 

405.00 
182.28 
587.28 

(1980 lars) 

(1980 dollars) 

This cost estimate includes an allowance of $182.28 for a local 
distribution main. This cost added to the IIcustomer costs" would be $587.28 
which is higher than your derived costs of $359.357 per residential customer. 
Your estimate of 1I1ong-runBi residenti cost of $326.75 on page 54 would 
need to be translated to current cost. However, the replacement cost 
multiple of 2.79 (which, if applied to $326.75 would yield $911.64), is not 
applicable to residential cost estimates because the multiple pertains only 
to the historical system technology and customer composition. Consequently 
the estimate of long-run residential costs is difficult to put into per­
spective. 

The S~ecification of Heating-Degree-Dayi s Variable: PGandE designs the 
d;strlbut;on system to have the capacity necessary to meet demand on an 
abnormal peak day. Therefore, the finding that the peak-month heating­
degree-day measure (DDM) was clearly more significant than the annual 
heating degree-day measure (DDT) is consistent with planning criteria 
for capacity of the gas distribution system. However, since peak day is 
the critical influence, an even better explanatory variable would be peak 
day demand. 

The Test for a Separable Cost Structure: By use of the regression analysis the 
hypothesis that the distribution system is characterized by joint, non-separable 
costs is tested. This hypothesis is tested by determining whether the additive 
(separable and linear) or multipli ve (non-separable and log-linear) form of 
the regression esti achieves a significantly better fit. The results 
indicate distribution costs are separable between customer classes. 
PGandE finds the result that distribution costs are non-separable plausible. 

The results commercial/industrial customers 
further indi t economies of scale. 
This seems reali c. ,i nal cost function for 
residential customers indicates that for tional residential customers 
are positively infl the presence of commercial/industrial customers, 
which seems less i c. star; 1 major ions of the gas system 
were more desirable when there was a simu taneous hook-up of residential and 
commercial/industri . PGandE typically made an analysis in 
order to certify that the costs of the prospective additions to gas 
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distribution plant would be recovered from commercial/industrial customers. 
Thus it seems the residential sector benefited from an externality 
(technological and pecuniary) related to the presence of commercial and 
industrial customers. 

Problems In Interpretation: You note that the ratio between replacement and 
historical costs for PGandE's gas distribution plant is 2.79 and proceed to use 
this value at various points. PGandE thinks that the meaning of the system ratio 
of 2.79 must be clarified because at numerous points certain inferences are based 
on questionable application of this ratio. 

The ratio of replacement to historical costs represents a system 
average and is specific to the historical technology and equipment composition 
of system-wide distribution facilities. One problem with your analysis occurs 
on page 48, line 9. Obviously, one would expect the vintage of plant being 
retired to differ significantly from the system average vintage. Therefore 
the estimate for litruly new distribution plant ll should be substantially less 
than $59,944,556, because the factor 2.79 is too low to be appropriate for 
retired capital. 

Another instance of questionable inference occurs on page 58, line 3. 
At this point you have estimated a 'dynamic' cost of $466.46 per customer. It 
must be noted that this value is supposed to reflect the costs for plant added 
in 1979 and implies use of current technology. You then compare this 1979 
investment against the 'static' estimate of historical distribution costs, 
adjusted by the 2.79 ratio of replacement cost to historical cost. The problem 
is that the numbers are not comparable. Technology is certain to have changed, 
so that the difference in your estimates could be due to technological change or 
other influences, and not specifically to the disparity of short-run and long-run 
costs. 

Areas For Further Work: It would be instructive for you to more 
carefully align your definitions of short-run and long-run costs with economic 
theory. The economic definition of long-run is the period over which all factors 
of production are variable, while the short-run simply refers to any lesser 
time. Your distribution costs seem to be comprised of two parts: 
(1) the cost of hooking up new customers, such as the cost of meter, regulator 
and service; and (2) the distribution costs incurred to serve additional 
volumes of gas demand. It appears that you implicitly designate a one 
year period as the short-run, categorize the former costs as short-run costs, 
and use the dynamic model to estimate them. The latter remaining costs therefore, 
fall into the long-run category and are (in addition to the former) analyzed with 
your static model. This would be a very neat approach to estimating the two 
components in which PGandE is interested - marginal customer costs and the 
distribution portion of marginal capacity costs - if your construct can be 
verified. 

If as is suggested (page 15) the results are to be the basis for 
projection of future costs, there is a problem of translating the model's 
predictions based on historical cost into values relevant today or in the 
future. PGandE suggests that if the model is to be practically useful for 
cost forecasting) further research must address the translation of historical 
costs into replacement costs with allowance for technological change. Also, 
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to the extent that costs of additional plant vary between locations within 
the PGandE gas distribution network, use of the present model for forecasting 
may misrepresent additional costs. For example, communities may differ by 
terrain, state of development, and the type of investment required to meet 
growth. 

PGandE requests that any future work be accompanied by more infor­
mation related to sample design, correlation analysis of independent 
variables, and error analysis. Furthermore, experimentation with plausible 
alternative formulations of the model and introduction of other explanatory 
variables such as terrain, zoning, income, etc. would be interesting. 

Corrections to Tables 

PGandE would like to bring to your attention several figures that 
need to be changed in Tables 3.11 and 3.12. The suggested corrections are 
shown on the attached tables. Also, the total gas plant in service that you 
quote in Table 3.12 is exclusive of production and intangible plant; this 
should be noted. 21 

21 Author's note: These corrections have been made. 
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ational Fuel 

January 7, 1981 

Dr. J. M. Guldman 
The National Regulatory Research Institute 
The Ohio State University 
2130 Neil Avenue 
Columbus, Ohio 43210 

Dear Dr. Guldman: 

I have enclosed my comments regarding your marginal cost study. 
Your direct approach in estimating total cost functions is theoretically 
appealing, yet I feel requires some fine-tuning with respect to its 
econometrics. Since you plan to address these problems, that would 
certainly alleviate any of the concern I might have in utilizing the 
results. 

I look forward to receivIng any further work you may undertake 
on this project, and should you require any additional information, 
please feel free to contact me. 

JRY: ms 
Ene. 
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Sincerely, 

Economist 

NATIONAL FUEL GAS DISTRIBUTION CORPORATION/l0 LAFAYETTE SQUARE/BUFFALO NY 14203 



Comments of John R. Yurtchuk, Economist - National Fuel Gas Distribution 

The study attempts to identify various total cost functions in aggregate 

and disaggregate form so that estimates of marginal costs and scale economics 

can be made. The three types of independent variables used were: number of 

customers, MCF sales, and a density variable. The performance of the 

estimating equations utilizing the stated regressors either jointly or 

separately generally superior when a multiplicative-type function was used. 

The methodology exhibited in this study rests upon sound microeconomic 

principles and offers a tractable approach to identifying certain character­

istics of a utility's operations. However, in reviewing the empirical component 

it appears that certain econometric difficulties may exrst~ 

The first problem lies in the values for the coefficients of determination. 

Certainly some of the R-squares are lIacceptablell in that a significant portion 

of the variation in the dependent variable is being explained. However, there 

do exist a number of equations whose R-square value is simply too low, indicating 

that the regression equation lacks significant explanatory power. Specifically, 

the following equations have R-square values below .50 with some even less than 

.40: 3.91, 3.92, 3.93, 3.99, 3 ~ 100, 3. 101, 3. 105, 3. 106, 3. 113, 3. 114, 3. 129, 

3.130, 3.131, 3. 137, 3~ 138, and 3.139. Statistical theory would suggest that 

something is missing from these relations. Since results from these equations 

are discussed and economically interpreted, it is assumed that the R-square 

levels are regarded as acceptable in this stage of the study. 

In the following equation, TMCF and CIPMCF are the two included 

independent variables. 

(Equa t i on 3.82) PS:= 9. 5978;~ TMCF O. 8028 ~~C I PMCF 0.0965 

where PS - Total Distribution Plant 

These two right hand side variables are linearly related to one another in the 

following way: 

TMCF = RMCF + CIPMCF 

where TMCF - Total Gas Sales (MCF) 
RMCF - Residential Gas Sales (MCF) 

CIP,MCF - Total Non-Residential Gas Sales (MCF) 
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Clearly, since CIPMCF is a component of TMCF, their respective effects on the 

dependent variable, PS, are inseparable. Thus the problem of multicollinearity 
. h . 1 1 f . i b d·· • b· 1 . 22 Wit a consequencla oss 0 precIs on ecomes a Istlnct POSSI I Ity. 

Lastly, it appears highly probable that simultaneous equation bias 

exists in many of the regressions in light of the accounting relationships 

that are present among the independent variables. Further work is thus called 

for to account for these identities. 

22Author's note: Thanks are due to Mr. Yurtchuk £or pointing out a typo~ 
graphical error in equation 3.82 in the first draft (TMCF must be replaced 
by RMCF). This error has been corrected. 
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