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Abstract

~ Recent developments in the evolution of electric power markets in Texas have brought

about the need for a reexamination of operating policies. In particular, cogeneration
development, reliability considerations, regional excess generating capacity problems, -

fuel market changes, construction cost escalation and a variety of health and

‘environmental issues suggest that changes in bulk power transmission policies may be in

order.

Several studies indicate that substantial cost savings have been realized through power
pooling arrangements in various regions of the country. The purpose of this study is to
estimate the fuel and cost savings which may be realized through enhanced operating
coordination of the intercdnnected utilities in Texas. These savings are estimated by
comparing the operating costs under conditions of no coordination with the operating
costs under conditions of perfect coordination. =Current operating policies involve a

degree of coordination between these two extreme cases.

- Results from the study indicate that there is a strong potential for increasing the level of

bulk power transactions in the State and, consequently, reducing total annual operating
costs. The numerical estimates are quite sensitive to a variety of assumptions regarding

fuel prices, cogeneration development and demand.

This study involves a general model of the interconnected systems in the state and should
not be viewed as a detailed planning model for individual utilities. The substantial

savings identified by this study suggest that more detailed modeling may be in order.

This report is the result of a two-year study conducted by the staff of the Public Utility
Commission of Texas under the State Energy Conservation Program. The project was

funded by the United States Department of Energy.
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Chapter 1
Introduction

Prior to the "energy crisis" years of the early 1970s to the early 1980s, electric utilities in
the United States operated in a very favorable environment. Low inflation, abundant
inexpensive fuel supplies, and rapid technological improvenients resulted in continual
decreases in the real cost of producing, transmitting, and distributing electric power and
energy. This cost decrease was often reflected in declining prices of electricity which led
to steady increases in demand by residential, commercial, and industrial customers.
Utility plahning and operations were oriented toward an engineering approach for
designing and building generation and transmission Vfacilities to meet the increased
demands. Most utilities were actively engaged in marketing programs that further

encouraged customers to increase their use of electricity.

Although the utilities were usually regulated, there was relatively little antagonism
between them and the various federal, state, and local regulatory authorities.
Interconnections with adjacent utilities were construéted primarily to ensure system
reliability and, by sharing reserve responsibilities, to reduce the arhount of physical plant
that each utility had to construct. Economic planning, beyond attempting to secure long-' |
term low-cost fuel supplies, played a relatively minor role in making decisions about
future supply alternatives. These circumstances were particularly true in Texas where no
statewide regulatory authority existed and a seemingly endless supply of inexpensive
natural gas was available. The emergence of nuclear powered generating plants seemed to
hold the promise of even further declines in the cost of producing electrigity in the

growth-oriented economy of the State.

The energy crisis years, however, markedly changed the attitudes of customers and

governmental authorities toward the electric utility industry. | In Texas, these changes led
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to the 1975 passage of the Public Utility Regulatory Act (PURA) which created the Public
Utility Commission of Texas (PUCT). Rapidly escalating natural gas prices, which were
passed through to utility customers as fuel charges, resulted in intense public pressure for
policies which would slow the increases in the price of electricity. Suddenly, utilities
were expected to reverse their earlier marketing philosophies and assist customers in
reducing their power and energy requirements through utility-sponsored conservation and
load management (CLM) programs. Simultaneously, many utilities found it necessary to
develop new capacity expansion plans that required long-term economic analyses of many
competing fuel sources in ordér to diversify resource plans and end their almost total
dependence on natural gas. This was given additional impetus with the passage of the
Fuel Use Act in 1978 which prohibited further construction of base-load power plants

using oil or natural gas as their primary boiler fuel.

By the early 1980s, in addition to conventional power plants, the utilities in Texas were
confronted with yet another source of electric power and energy from cogeneration
facilities located primarily along the Gulf Coast where many petrochemical piants were
located. Most of these industries, because of their requirements for processed steam or
other forms of heat, could cogenerate electricity from natural gas with a 20-30% relative
improvement in efficiency compared to conventional generating units. In addition,
utilities were required to purchase cogenerated power that was priced at or below the
avoided cost of their next planned generation addition. For those utilities located in the
same area, cogeneration could provide a reliable and less expensive source of both

capacity and energy.

For the other utilities in the State, however, the situation was more complicated because of
their geographical distance from the Gulf Coast. Any available cogenerated power would

have to be transmitted over long distances, often using the facilities of other utilities to
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wheel the power. Potential conflicts between the purchasing utilities and the wheeling
utilities led to the adoption of mandatory wheeling regulations by the PUCT and a method
of calculating wheeling charges based principally on the average embedded costs of the

affected transmission facilities. In part, these state regulations were necessary because the

interconnected system which covers most of the State, the Electric Reliability Council of

Texas (ERCOT), is intra-state and not subject to the jurisdiction of the Federal Energy ‘

Regulatory Commission (FERC).

By the mid-1980s, several interrelated economic factors combined to produce a severe
recession in the State and added to the growing complexity of utility planning. A
precipitous drop in thé world price of oil caused a serious cutback in the Texas petroleum
industry and an increase in the volume of cheaper imported oil. In conjunction with the
1984 deregulation of most natural gas markets, the lower petroleum prices and increased
competition axnoﬁg producers resulted in a sharp decrease in natural gas prices,
particularly in the short-term spot market. While these decreases contributed to the
growing recession, which was already causing a moderation in the growth of the demand
for electricity, they also provicied electric utilities with lower cost fuel for much of their
existing generating capacity. Similarly, construction delays, large cost overruns, and
uncertain licensing requirements for two large nuclear power plants contributed to a
re;newed interest in the use of existing gas-fired facilities, as well as cogenerated power

which became less expensive as gas prices fell.

Although the entire State felt some of the effects of the recession, the impacts were much
more pronounced in the oil producing regions of East and West Texas and the
pctrocherrxical and refining areas along the Gulf Coast. In these areas, the demand for
electricity fell and the affected utilities found that they had substantial quantities of excess

generating capacity -- a problem further compounded when two nuclear plants serving
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t;vo non-ERCOT utilities in Texas became operational. In the Central Texas area,
demand growth moderated bﬁt remained positive, and affected utilities responded with
short-term deferrals of some of their planned capacity additions and a more intensive
review of their long-term needs. The net result of all of these changes was an imbalance
- in the geographical distribution of electricity demand and supply, and an increase in the

production cost differentials among the State’s utilities.

In response to these observed disparities, the PUCT initiated this Bulk Power
Transmission Study in early 1986 to analyze the present and expected configuration of the
State’s utility system and to investigate the feasibility of improving the efficiency of
energy usage on a statewide basis. As part of thé Texas State Energy Conservation
Program (SECP), and after nearly two years of research and analysis, this report

documents the methodologies used and presents the résults of that study.

1.1 Issues Addressed in the Study

While this study was being designed, the Texas Legislature’s Joint Special Committee on
Cogeneration in Texas recommended that:

» The PUC should continue evaluation of the State’s transmission system,
access to the system, and its capacity to serve efficiently the long-term and
short-term needs for the movement of bulk power.

and:

o Utilities and the PUC should pursue available means to improve
interconnection of ERCOT with other reliability regions in a way that will
allow economic transfers between regions. However, no action should be
undertaken which could jeopardize the existing jurisdictional status of
ERCOT utilities or endanger the reliability of the ERCOT grid.1

1Joint Special Committee on Cogeneration in Texas, Final Report and Recommendations
to the 70th Legislature, 1986.
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In order to address the legislative concerns and the Commission’s directions, six principal
issues are addressed in this study: excess generating capacity, cogeneration, system
reliability, wheeling, fuel market volatility, and health and benvironmental impacts. Each
of these have potential impacts on the configuration and operation of the bulk power
transmission ksystcm in the State. (As used herein, the terms "bulk power system,” "bulk
power transmission system,” “transmission systeni, " or "system"” should be interpreted to
include all sources of electricity for the'ERCOT utilities participating in the Study and all
transmission lines aﬁd fdcilitie.s_‘ with capacities of 69 kilovolts (KV) or greater within the

ERCOT system, unless the context clearly indicates otherwise.)

While some of these issues vhave received extensive consideration by utility system
planners in the past, others have received little attentionkfrom the utilities, ERCOT, or the
PUCT. In keeping with their primary function, most of ERCOT’s past transmission
planning was devoted to emergency planning to maintain reliability, rather than to
analyzing the potential“ for economic opportunities based on bulk power transactions.
Similarly, some of these issues had received little previous statewide attentibn by the

PUCT, but provided the impetus which led to this study.

1.1.1 Excess Generating Capacity

The presence of excess generating capacity in some areas of the State, coupled with
continued growth in other areas, may provide opportunities to defer or avoid the
construction of additional generéﬁon if the transmission system has sufficient capacity to
move the power. In 1986, most utilities in ERCOT were anticipating capacity
deficiencies and planning to construct over 16,000 MW of additional generating capacity
between 1986 and 1995. However, by late 1987 the combined demand forecasts of the
utilities in this study had fallen by 4,306 MW ahd their resource plans were revised to
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reflect this reduction. Currcntly, some of these utilities show little growth and are
expected to have excess capacity available for sale. Although they are outside the
ERCOT system, El Paso Electric Company (EPEC) and Guif States Utilities (GSU) are
also facing capacity surpluses with the completion of the Palo Verde and River Bend
~ nuclear power plants, respectively. However, there are a number of technical and
nontechnical impediments to interconnecting ERCOT and non-ERCOT utilities at the
present time. In general, though, it appears that the transmission system could be used

more extensively to balance electricity supply and demand in Texas.

1.1.2 Cogeneration

Currently, the State’s cogeneration activity and future potential is concentrated along the
Gulf Coast, particularly in the Houston area. There are many concerns that the present

transmission network is technically inadequate to handle the movement of excess

cogenerated power to areas of the State where such power might be marketable. The use

of large amounts of cogeneration also raises questions about the provision and allocation

of system reserves within ERCOT, and access to the transmission system by third parties.

1.1.3 Reliability

Historically, because of the cooperation and coordination of the ERCOT utilities, Texas
has enjoyed an excellent level of reliability in the production and delivery of electricity.
If new burdens are imposed on the existing transmission system as a result of increased
energy exchanges among the utilities, care must be taken to maintain the high reliability
of the system. Future planning efforts must explicitly recognize the trade-offs among

system reliability, economic benefits, and implementation costs.
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1.1.4 Wheeling

Wheeling issues continue to be quite controversial, kparticularly‘With the recent sale of a
share of the Oklaunion power plant in Wilbarger County to the Public Utilities Board of
Bfownsvi]le some 600 miles away. Other problems arise with the City of Austin’s (COA)

~ desire to import power from the Lubbock area and Texas Utilities Electric Company’s

(TUEC) purchase of Houston area cogeneration. In each of these instances, transmission
lines of third-party utilities must be used to transmit the power from its origin to the load
it is intended to serve. The methodology for pricing of such wheeling services has
become increasingly controversial with some utilities favoring the existing embedded cost

allocation and other utilities proposing the use of a marginal cost method.

~ 1.L.5 Fuel Market Volatility

Increasing uncertainty andkvolatility m fuel markets may increase the divergence in the
prices at which utilities in Texas can purchase natural gas and other boiler fuels. This
raises the possibility} that coal or lignite generating capacity may be underutilized in the
future and may result in a situation where one utility finds it more economical to purchase
power from another utility facing lower fuel costs than to generate the power with its own
higher priced fuels. Such purchases become feasible and attractive only if adequate

transmission facilities to ship the power can be identified and utilized.

1.1.6 Health and Environmental Factors

In recent PUCT regulatory proceedings, in a lawsuit brought against Houston Lighting
and Power (HL&P), and in COA public hearingsk, considerable public attention has been
focused on the possibility of health and' environmental impacts associated with

transmission lines and rights-of-way located in urbanized or suburban areas. With

Introduction 1-7



inconclusive and often conflicting scientific information concerning these issues, the

controversy surrounding them is expected to persist into the foreseeable future and could

impact the future construction of transmission facilities.

1.2 Study Objectives

In recognition of the importance, complexity, and statewide implications of the issues

discussed in Section 1.1, the following objectives were defined for this study:

» To determine whether greater energy efficiency may be obtained from
existing generation and transmission capacity in Texas through enhanced
system coordination and increased bulk power transactions.

« To determine whether enhanced coordination and increased bulk power
transactions can help to reduce the requirements for new capacity
additions.

* To determine whether a better matching of statewide capacity and load
growth can be achieved through changes in the operation or configuration
of the bulk power system.

« To determine whether utilities in Texas can take greater advantage of their
production cost differentials through expanded bulk power transactions.

« To identify legal, technical, and environmental impediments which may be
associated with enhanced interconnection of utilities in Texas.

« To identify operational, financial, and regulatory impediments which may
be associated with increased transfers of existing and potential cogenerated
power, as well as access to the transmission system. -

» To examine operational, financial, and regulatory impacts of existing
wheeling rules on utilities, cogenerators, and potential bulk power
transactions.

» To estimate the likely impact of fuel price volatility, demand forecast
uncertainty, seasonal fuel supply disruption, and power plant construction
uncertainty on the State’s electric power industry.

» To analyze the potential effects on bulk power transactions of transmission
system limitations, alternative coordmatlon arrangements, and alternative
levels of cogeneration.
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While the resources devoted to this project were not alwé.ys adequate to address all of
these objectives in-a comprehensive manner, the results of the study represent significant
progress toward quantification, understanding, and policy recommendations. Insofar as
possible, topics which require extended or additional research have been identified in this

report.

1.3 Methodology

In addressing the objectives identified above, this study investigated actions taken by
other states, reviewed a number of existing studies, and analyzed a large volume of

information provided by the State’s utilities and cogenerators. Computer simulation

techniques, using the Multi-Area Production Simulation with Megawatt Flow

(MAPS/MWFLOW) program developed by General Electric Company, were used to
analyze the operations of the ERCOT system. |

Computer simulation is 2 widely accepted approach to system analysis inyengiheering and
scientific communities. The utility industry currently uses simul#tion for reliability
analysis, fuel budgeting, system planning, and many other applications. Such simulation
is accomplished with the use of a model. A model is a combination of computer software
(programs) and hardware (equipment) that mathematically mimics the behavior of the

simulated object or process.

In a simulation model, relationships among components are defined with mathematical
equations. However, mathematical relationships do not automatically translate -to high
precision. In the real world, such relationships can be extremely complex and
"simplifications" have to be made. In some cases, simplifications are made because
precise mathematical definitions are not possible. In other cases, they are made because

of computing resource constraints.
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In this study, several simplifications are made in the modeling process. It should be noted
that MAPS/MWFLOW is one of the first modeling tools that combines a model for the
transmission network and a model for electricity generation, and that the type of study
undertaken in this project is relatively new | to the utility industry. As a model,
MAPS/MWFLOW has limitations due to the simplifications. Simplifications are
necessary because of current computer technology and the development costs. Like any
other models, MAPS/MWFLOW will continue to :volve to widen its applicability. Some
characteristics or lack of features may prove undesirable and prompt the developer.to

make adjustments to the model.

A highly complex subject like the one undertaken here takes time and is subject to
evolution, requiring several studies before definite final answers can be given. The
environmental impacts of electromagnetic fields is another example of a subject that has

been studied by different groups of experts for several decades. Studies are repeated by

different groups of researchers who contribute a wide range of perspectives on the subject. .

Each time the answers are improved, the limitations are addressed, and some insight is

provided. The subject of this study is no exception.

In this study, the ERCOT utilities are modeled as interconnected systems that permit
generation and transmission resources to be shared. Given information on each
generating unit and transmission line in the ERCOT system, MAPS/MWFLOW calculates
the least-operating-cost strategy to meet the bihourly demand on the system for a selected
study year. The program then reports the optimal pattern of bulk power transactions
within the ERCOT system, the potential cost and energy savings which result from
increased use of the transmission network, and the capability of the network to
_ accommodate such transactions under a variety of alternative assumptions. A complete

description of MAPS/MWFLOW and its operation can be found in Appendix A.

1-10 | Introduction

s N = . \ . L. : \

N . N
. R 3

‘_



G S UE SN ER G NN OGN BN SN GD e On WE R B W M W

In December 1987, a draft ﬁnal report on the results of the study was submitted to three
external review committees. -One of thése committees represented the ERCOT utilities;
the second represented cogenerators, small power producers, ‘and large industrial |
customers; and the third represented a variety of consumer interest groups. A listing of
the organizations and individuals participating in the review, a summary of the comments
received at the meétings, and copies of their formal written comments can be found in
Appendix G. The primary changes ‘which fesulted from this review are the correction of
heat rate input data from TUE,C',-_ the addition of some 200 monitored lines in the
transmission constraint set as idéhﬁﬁed by loadflow analysis by LCRA and COA, and the
addition of fefcrence cases which reflect cdnverging natural gas prices as currently found
in the Texas market. ’The study staff is vefy grateful to all of the individuals who
participated in this detailed review and the constructive suggestions which were obtained

and incorporated herein.

Frorh a policy perspectiie, the conclusions of this study provide a general indication of
whether it is economical or feasible to provide increased levels of coordination among
Texas utilities, cogenerators, and potentially, out-of-staté suppliers. The project’s general
perspective and its limited resources did not permit a detailed study at the utility planning
level énd is not intended to provide a statewide plan for the utilities. Actual system
operations and planning remain the responsibility of the individual utilities in accordance

with the appropriate policies and regulations of ERCOT or the PUCT. .

In 1986, the total combined capacity of generating utilities for the State of Texas was
56,088 MW, with 45,407 MW (81%) located kwithin ERCOT. In the version of
MAPS/MWFLOW used for this study, seven of the State’s; largest utilities -- accounting
fof 43,379 MW (95%) of generating capacity within ERCOT, or 77% of the entire State --
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are modeled explicitly. These utilities and their 1986 generating capacities “are listed

below:
COA  City of Austin 1,006 MW
- LCRA  Lower Colorado River Authority 1,836 MW
CPSB City Public Service Board of San Antonio 3,210 MW
TUEC  Texas Utlities Electric Company - 17,804 MW
HL&P  Houston Lighting and Power Company 13,905 MW
CP&L  Central Power and Light Company‘ 3,650 MW
WTU West Texas I’Jtilities Company 1,068 MW

In the model, CP&L and WTU are treated as é tight power pool where thé generation
resources are centrally managed f)y their parent holding company Central & Southwest
Services, Inc. (C&SW). The non-ERCOT generating utilities in the State are not
explicitly modeled, because they are not currently intcrconneétcd to the ERCOT system.
Cogeneration capacity is explicitly represented in the model as generating units with

_predetermined availability within the host utilities.

1.4 Description of Scenarios

This is the first study to‘ perform this type of short-term analysis of utility system
operations in the State of Texas. The ’study concentrates on evaluating the potential for
short-term benefits from bulk power transactions among the interéonnected utilities in
1990 and 1995. For'each forecast year two reference cases are developed -- one assuming
a single-tiered natural gas market with diverging prices, and the other assuming a two-
tiered natural gas market with converging prices. A historical representation of 1986 with
assumptions similar to the reference cases is used as a benchmark for the relative

comparison of the differing results of the reference cases. These cases represent the
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conditions where utilities attempt to exchange the maximum amount of energy to yield

minimum overall operating costs.

To address future uncertainties and limitatidns of the model, several alternative scenarios
are developed to analyze the impact of varying the uncertain parémetérs. It should be
emphasized that the results from the reference cases are less memﬁnéﬁﬂ by themselves
than when they are uséd as a basis for comparison with the alteméﬁve, cases. While fuel
prices may fluctuate, the relative impact of their fluctuations is more likely to remain
unchanged. When projections of demand and fuel prices are revised at any time in the
future, it is quite likely that they will be different from those used in the study. But, by
using the comparisons given in this report, estimates of the magnitude and direction of |

changes on potential transactions and savings can be derived.

The following list of scenarios reflects the specific cases which are examined in detail in

Chapters 4 and S:

» Reference Cases -- These scenarios examine the operation of the ERCOT utilities
" based on projections of data available in 1986 and 1987. Technical data on
generating units and the transmission system were obtained from electric utilities.
Demand forecasts were obtained from the participating utilities. Fuel cost
projections for the diverging natural gas prices were developed by the project staff
while the forecasts for the converging gas price case were submitted by the
ERCOT utilities. For the operbationalkmode referred io as "pooled"”, the ERCOT
utilities are assumed to be fully coordinated in exchanging information and energy,

but not necessarily dispatched from a central location.

- Transmission System Limitations -- This scenario models the impact of changing

the constraints on the transmission system to include outage conditions by using a
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different model solution algorithm to incorporate the latest ERCOT transfer limits

_directly.

Alternative Coordination Arrangements -- These scenarios show the results of
coordinated maintenance scheduling among the utilities, and the effect of allowing

only non-firm energy transfers to occur.

Demand Forecast Uncertainties -- These scenarios examine the potential effects of
future load requirements which are greater or less than the reference case forecasts
for power and energy. The resulting effects on system reserve margins and the

level of bulk power transactions are analyzed.

Nuclear Power Uncertainties -- These scenarios consider the possible
consequences of cancellihg one unit of either the Comanche Peak or the South
Texas Nuclear Project and its effect on the operation of the ERCOT system.

Potential cost mitigation is calculated for both own-load and system coordination

alternatives for the affected utilities.

Alternative Fuel Prices -- These scenarios investigate the impact of variations in
the price of boiler fuel on the operations of the ERCOT system and the individual
utilities in the study. Particular attention is given to the role of natural gas as the

incremental or "swing" fuel in the system.

Altémaﬁve Levels of Cogeneration Activity -- These scenarios examine the impz;ct
of variations in the level of cogeneration, ranging from a 15% reduction in the
expected level of cogeneration to a 15% increase in the expected level of
cogeneration.  The potential of cogenerated power to displace utility generation
with other fuel types is examined under the alternative assumptions along with its

relative efficiency and impact on the cost structure of the ERCOT utilities.

Introduction

i.sk N ‘. : . . )

-\ ﬁ ‘\ — -

Ly o — N



_ - - ‘ ‘
cary = y N », _ -

« Winter Fuel Supply Disruption -- This scenarid, developed from the experience of
the utilities during the prolonged freeze of the winter of 1983-84, considers the

~ potential impact of the loss of generating units due to extremely severe weather.
Such weather conditions could reSult in natural gas distribution problems or frozen
coal and lignite stockpiles, and require affected utilities to burn fuel oil or import

power from other ERCOT members.

+ DC Interconnection to Adjacent Power Pools -- This scenario was originally
proposed to define possible points 6f interconnection between ERCOT utilities and
utilities which are members of adjacent reliability pools. At present, only one such
DC interconnection exists between WTU and Public Service of Oklahoma (PSO)
as members of the C&SW holding company. Because of complicated legal and
institutional circumstances, a speciﬁc interconnection scenario coqld not be
developed and no quantitative results are presented. An advisoryy opinion related

to this issue from the PUCT General Counsel’s office can be found in Appendix F.

1.5 Summary of Study Results

The following sections present an overview of the resﬁlté obtained from the reference
cases and the alternative scenarios descﬁbed above. The monetary values used to describe
annual savings are only for fuel and variable operating and maintenance costs. Capital
and fixed costs are not included. Where percentages (%) are used to describe results, they
are derived in comparison to the reference case results described in Section 1.5.1.
Interested readers should also refer to the appropriate sections of Chapters 4 and 5 in order

to fully understand the pérticular sets of assumptions which underlie the results.

~ It should be emphasized that interpretations of the results in this report should be made

only in conjunction with the specific assumptions and limitations of the model. Time and
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resource constraints did not permit a fully detailed study of such complex subjects as
© system reliability or reactive power requirements, therefore all results are subject to
further refinement using more appropriate analytical methods. 'I\‘h1s study is only a first
step towards understanding the potential for and impacts of increasing the level of
coordination within ERCOT. It should not be interpreted as criticism of existing
operating policies, particularly because ERCOT has already implemented an energy

broker system: as an initial step in providing for more economical energy transfers.

1.5.1 Reference Case Results

As discussed in detail in Section 4.2, when the MAPS/MWFLOW model is run using the
reference case input and assumptions, the results show a feasonable opportunity for the
ERCOT utilities to engage in expanded bulk power transactions. For the years 1990 and
1995, assuming converging gas prices, the amounts of energy which could be exchanged
in ERCOT under fully coordinated operations are 14.4 billion and 16.0 billion KWH, or
7.1% and 6.6% of total system energy, respectively. The corresponding annual savings
would be $55.8 million and $108.1 million, or 1.3%, and 1.6% of system variable
production costs. By assuming diverging gas prices, the amounts of energy which could
be exchanged increase to 28.0 billion and 24.7 billion KWH, or 13.8% and 10.3% of total
system energy, respectively, with corresponding annual savings of $247.2 million and
$354.7 million, or 5.6%, and 4.7%. Under both gas price scenarios, the total BTU fuel
consumption in .beach of the study years remains virtually constant when the model
dispatches the system under the own-load and fully coordinated operations, although total

fuel consumption increases over time.
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1.5.2 Transmission System Limitations

This scenario uses the 1987 transfer limits calculated by ERCOT and a different solution
algorithm for 1990, hence the results cannot be directly compared to the reference case.
Under no-ouiége _conditions, however, comparable results are obtained while the
imposition of the outage conditions reduces total exchanges by 29% and annual savings
by 27%. Applying these calculations to the reference case shows the upper limit on firm
transactions to be 19.9 million KWH such that any additional transactions would need to

be fully interruptible.

1.5.3 Alternative Coordination Arrangements

As discussed in detail in Section 5.2, the first scenario adds coordinatea »mair;tenanée
scheduling for the utilities.  Assuming diverging gas prices, this change increases
transactions by only 2.2% and annual savings by only 2.3%. The small magnitude of
these numbers indicates that current maintenance scheduling of the ERCOT nutilities is

nearly optimal.

The second scenario is designed to simulate a non-firm-transactions-only arrangement,
similar to the operation of an energy broker system, where each utility first commits its

own units to satisfy its own load before engaging in purchases and sales. These

‘constraints result in a 57% decrease in transactions to 12.0 billion KWH and a 67% ,

decrease in annual savings to $82.4 million.

1.5.4 Demand Forecast Uncertainties

As discussed in detail in Section 5.3, these scenarios are designed to assess the impact of a

range of alternative demand forecasts on the potential level of transactions and the
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utilities’ demand/capacity balance in 1990 and 1995. Particular attention should be paid
to the comparison of demand forecasts for utilities which have recently filed new forecasts
that are considerably lower than the early 1986 forecasts. Unlike earlier versions of this
report, those uﬁlity forecasts are now used to define the reference cases. In the low
demand case, forecésts are reduced by 5% while in the high demand case, forecasts are
increased by 5%. Because of the change in the reference case, the difference from low to

high is therefore at a lower level.

In 1990, the low demand case causes utility reserve margins to rise above the reference
case levels. These additional reserves result in a 4.3% decrease in transactions and a 5.3%
reduction in annual savings. In the high demand case, transmission constraints limit the

transactions increase to only 1.5% and the increase in savings to 2.5%.

In 1995, the low demand case shows a decrease in transactions of 6.1% and a 3.6%
reduction in savings. In the high demand case, transactions increase by 7.6% and savings
increase by 6.2%.. The greater relative sensitivity of the 1995 results is attributable to a
lower level of economic transactions which results in more available transmission

capacity when the reference case assumptions are changed.

1.5.5 Nuclear Power Uncertainties

As discussed in detail in Section 5.4, these two scenarios examine the potential impact of
extended construction or licensing delays which would result in the unavailability of one
unit of either the Comanche Peak or the South Texas nuclear plants in 1990. In either
case, total system operating costs rise under own-load operations, although only the

respective owners of the projects are affected.
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In the case of losing a Comanche Peak unit, with coordinated operations, the level of
transactions increases as TUEC increases its imports because of tight capacity reserves.
When compared to the parallel own-load case, annual savings are $284.2 million, thus

providing a cushion of cost mitigation if the unit is not available.

In the case of losing a South Texas unit, with coordinated operations, the level of
transactions decreases as the owners use more of their own excess capacity to meet their
loads. When compared to the parallel own-load case, annual savings are $241.1 million,

again providing a cushion of cost mitigation if the unit is not available.

1.5.6 Alternative Fuel Prices

As discussed in detail in Section 5.5, these scenarios examine the relationships between
the level of transactions, annual savings, and natural gas prices. Because the converging
gas price reference case is based on a uniformly low gas price for all of the utilities, only
two cases are necessary to examine the effeét of prices which are higher than those in the
diverging gas price reference case. In both cases, the primaryeeffect is to increase the
substitution of other fuels for natural gas, with almost no change in total BTU

requirements.

In 1990, with all gas prices 10% higher than those in the reference case, total system costs
increase and, as expected, annual savings increase by 15.2%, while transactions actually
decrease by 1%. This demonstrates that, above the reference case prices, increases in gas

prices artificially inflate the savings, but cause no real change in system operations.

In 1995, the gas price is again assumed to be 10% higher than the reference case. The
results are similar to the 1990 case with total system costs increasing, an 11.4% rise in

annual savings, and virtually no change in the level of transactions.
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1.5.7 Alternative Levels of Cogeneration Activity

As discussed in detail in Section 5.6, these scenarios estimate the impact on fuel usage,
transactions, and annual savings for levels of cogenerated energy which are 15% lower
and higher than shown in the reference case in 1990. Several cases which appeared in
earlier versions have been dropped because they required highly impiausible assumptions
about the structure of the industry or the relative costs kof utility supplied versus

cogenerated electricity.

In the low cogeneration scenario, as expected, HL&P and TUEC (the only buyers)
 increase their use of gas, coal, and lignite resources by relatively small amounts to replace
the loss of cogcnérated energy. At the ERCOT System level, total BTU requirements
increase by only 1.3%. Becausé of the small changes, transactions and savings change by

a nearly negligible amount.

In the high cogeneration scenario, again as expected, HL&P and TUEC decrease their use
of gas, coal, lignite, and nuclear resources by relatively small amounts. At the ERCOT
system level, total BTU requirements decrease by only 1.3%, and the changes in

transactions and savings are also nearly negligible.

Although the low and high scenarios understate the total fuel displaéement because of the
assumption of a cogeneration heat rate of 10,000 BTU/KWH, they can be used in
combination to estimate the minimum amount of fuel displaced by the 3,135 MW of
cogeneration expected in 1990. The total displacement would be 174.5 trillion BTU, with
gas accounting for 143.1 trillion, coal for 23.9 trillion, and lignite for 7.5 trillion.
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1.5.8 Winter Fuel Supply Disruption

As discussed in detail in Section 5.7, this scenario considers the implications of a
prolonged period of freezing weather like the one which occurred in late December, 1983.
During such a period, utilities may experience problems with frozen fuel sources such as
stockpiles and pipelines, plant site fuel handling equipment, and fuel availability as a
result in curtailments by natural 'gasv suppliers. Since the 1983 event, affected utilities
have implemented measures to preverit such problems or minimize their impacts on
system operations. _'fhe ‘ ERCCT utilities now hold winter fuel oil inventories
ﬁppmxknately six timcs as gmat as the total amount they had to burn in place of gas
during the 1983 freeze. The reference case results for 1990 indicate that even with more
than 9,000 MW of capacity out of service for scheduled maintenance, the ERCOT reserve
margin under normal winter weather conditions is over 48% or nearly 13,600 MW. This
capacity availability indicates that bulk power transactions provide a mechanism for
supplying power to individual utilities experiencing increased demand levels or loss of

generating units during severe winter weather conditions.

1.5.9 DC Interconnections to Adjacent Power Pools

As discussed in detail in Section 5.’8, no quantitative results could be obtained for this
scenario because of complicated legal, institutional, and technical issues beyond the scope
of the study. Appendix F contains an advisory opinion from the PUCT General Counsel’s

office which addresses the legal complications involved in this multi-jurisdictional issue.

‘1.6 Qualitative Considerations

In addition to the quantitative results obtained from the study, there are two significant

areas of qualitative consideration that have implications for the future of increased bulk
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power transactions. These areas concern the advantages of a strong transmission system

and the existence of impediments to the development and utilization of the system.

1.6.1 Advantages of a Strong Transmission System

Histoxicaliy, the ERCOT system has provided Texas with a very high level of reliability in
the supply of electricity. Through the cooperative develoﬁment of planning criteria and
operating policies, the utilities which compose' the membership of ERCOT have
developed well-designed and:welll-engi.rieercd transmission facilities that provide a secure
system for handling emergency situations arising from unexpected generator failures,
adverse vi'eather conditions, downed transmission lines, and the like. While the resuits of
this study indicate that it is theoretically possible to increase the level of bulk power
transactions, they do not adequately identify the practical limits of the transmission
system particularly regarding system stability and reliability. In any case, the potential
benefits must be weighed against the need to maintain or enhance ERCOT system
reliability. To the extent that economically desirable transactions are sought by individual
utilities, much detailed study and analysis will have to be performed before their
implementation. It is likely that in some cases, particularly for firm transactions,
additional facilities will be required to carry increased power flows, and the costs of their
construction must be weighed against the potential benefits accruing to sellers, buyers, or
wheelers. Continued cooperation between ERCOT and the PUCT should insure that
system reliability is accorded the proper recognition in the transmission planning and

certification process.

The development of a strong and reliable transmission system that recognizes the potential
for economic power exchanges will provide a strong incentive for individual utilities to

broaden their planning horizons to include more analysis of purchased power options. It
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will encourage those utilities with excess capacity to seek markets for their energy With
other un'lities which are facing»dyeficiencies. As this process evolves, it will stimhlate
new lévels of analysis which more fully account for thé cost differences between utilities
with markedly different load characteristics. Similarly, it will allow more inter-utility
coordination of routine maintenance scheduling and may lead to a better seasonal use of

existing capacity within the ERCOT system.

The existence of a good transmission system also has some ‘longer term advantages as it
complements the development of necessary generating capacity, whether utility-owned
convehtional plants or industn'ai cogeneration projects. In some cases, it may well be
possiblc to use the transmission system as a substitute source of power and energy, and
defer or cancel the need to build more capital intensive generating plants. Similarly, the
strength of the system méy allow utilities which are located far away. from sources of
cogenerated power to incorporate cogeneration into their capacity mix in lieu of building

conventional plants.

1.6.2 Impediments to Bulk Power Transfers

Although there are many advantages associated with the development of bulk power

transactions on a strong and reliable transmission system, there are also many

impediments which may create difficulties or delays in implementation. One of these
occurs because of organizational inertia in the industry and in regulatory institutions --
both of which have evolved with philosophies that are grounded in the application of
earlier preéedents. For the utilities this is often expressed in terms of engineering design
standards, proveﬁ technologies, ﬁnaﬁcial conservatism, and planning policies which
neceséarily ‘recdgnize the long lead times associated with capital conétruction. For

regulatory authorities, this is manifested in terms of applications of standard practice,
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reliance on earlier legal pfecedents, limited planning authority, and thé need to conduct
complex public deliberations to ensure that all relevant facts and positions are heard. The

length of time involved in the decision-making process is often referred to as "regulatory
lag." ‘Texas Senate Bill 142, which became law in 1987, sets 2 maximum time limit of
one year for the PUCT to aét on applications for certification of transmission facilities. In
the évent that the application has not reccived‘a final disposition within one year, an
aggrieved party may pursue relief in a State distn'ct court of competent jurisdiction. This

requirement is expected to reduce the lag period in the future.

Another factor which may impinge on the systematic development of the transmission
grid is the manner in which planning is now conducted by the individual utilities. Since
there are no requirements for developing a statewide transmission plan, most utility plans
are oriented toward short-term improvements in their transmission systems for the
primary purpose of serving their own loads from their own generation resources.
Although ERCOT plays an active role in examining the reliability effects of changes in
the transmission system through loadflow and other forms of engineering analysis, little
attention is given to the potential economic effects. Similarly, the PUCT has no specific
legal authority to require statewide transmission planning; thus, applications for

certification of new facilities usually proceed independently on a case-by-case basis.

Because of the emphasis given to individual development of facilities, most utilities are
relatively unaware of the load forecasting and resource planning efforts of neighboring
systems. In part, this is a result of some reluctance on the part of the utilities to be in a
position of dependency which relies heavily on the resources of other systems dr
cogenerators. Some additional lack of coordination is prompted by each utility’s desire to
protect cost information which it may subsequently use to establish wheeling charges to

be levied on adjacent systems who wish to engage in bulk power transactions. Wheeling
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rates and agreements may be subject to complicated and protracted negotiations among
the utilities and with the PUCT which has adopted an embedded cost methodology for

calculating wheeling rates.

A final area which has emergedb in recent years is the uncertainty surrounding the

- environmental and potential health consequehces associated with building and operating

high-voltage facilities. In at least one case, following the certiﬁcationk and construction of -
a 345 KV line, lengthy civil litigation prevented a major utility from energizing the line
and ultimately resulted in a partial re-routing while the casé wound its way through the
appellate process. More recently, a large municipal utility was forced to abandon plans |
for construction of two segments of 345 KV lines as a result of an organized Iobbying
effort by opponents who lived near the proposed lines. As diséussed later in Chapter 6, .
this very sensitive issue continues to generate controversy and uncertainty within the

scientific community, the utility industry, and regulatory authorities.

1.7 Conclusions

This is the first study to analyze the use of the bulk power transmission system in Texas.
As such, it cannot be expected to provide definitive answers to all of the questions that are
raised. On the contrary, in many areas the study raises additional questions which require

further studies. Some of these areas are outlined in Section 1.8.2.

The results of this study provide a clear indication that more efficient use of the State’s
bulk power transmission system could lower the cost of generating electric power in
Texas, better match the supply and demand for electricity in ‘the State, and encourage
greater efficiency in the use of the State’s energy resources. Although the results in the
study show ‘the transmission network to be capable of accommodating a higher level of

bulk power transactions, they do not kadequately identify practical limitations involving

Introduction | 1-25



system stability and reliability. Preliminary analyses made by some ERCOT utilities
suggest that such level as reported in the reference cases with diverging gas prices may
not be practical because it could cause serious reliability problems to the network. In
order to recognize the full benefits while staying within the practical limit of the

transmission network reinforcements of new lines and equipmcnt upgrades are necessary.

In the reference cases and in many of the alternative scenarios, system operations under
two theoreticé.l extremes are quantitatively compared. In one extreme, each utility is
assumed to serve the demand for’“elect'ri'city in its service area with its own generating
~ capacity or capacity provided »'thmugh existing or currently planned capacity contracts

with neighboring utilities or cogenerators. In the other extreme, utilities are assumed to be

fully coordinated and actively engaged in all economically feasible bulk power '

transactions in order to minimize the overall operating costs of the ERCOT system.

The difference in operating costs and fuel uses under these extremes represent the upper
bound of savings that can be achieved from the bulk power transactions. The level to
which this upper bound is limited is largely determined by the levels and differentials in
natural gas prices paid by the ERCOT utilities. While the interconnected utilities in Texas
are not currently operating at either of the two extremes, historical data indicate that their

operations are closer to the own-load mode.

The brokerage system established in 1986 will be one mechanism for the interconnected
utilities in the State to exchange power and reduce their operating costs. It is quite
possible that with close coordination of system operation evolving through the brokerage
system, the total savings in operating costs could approach the levels reported in this

study.
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The study itself does not emphasize any particular mechanisms for organizing the
transactions. Instead it shows the upper boundary of potential savings when all possible
transactions are made in an optimal fashion. The study also shows that every utility can

obtain economic benefits from the optimal level of transactions.

The results indicate that sigﬂificant cost savings could be realized through an increase in
bulk poWer exchanges amoﬁg the interconnected utilities in the ERCOT system. The
reference cases assume that the utilities increase their operational coordination from
completely independent opgration to close coordination of their generation scheduling to
allow bulk power exchanges which result in minimum systemwide generation costs.
Under these assumptions with converging gas prices, annual savings of $55.'8 million and
$108.1 million in fuel and variable O&M costs could be realized in 1990 and 1995,
respectively. These savings translate iﬂto approximately 1.5% of the variable components

of annual operating costs. If natural gas prices rise rapidly and diverge, potential

~ transactions increase and annual savings rise to $247.2 million and $354.7vmi11‘ion,

respectively, or approximately 5%. Because the model considers only fuel and variable
O&M costs, the estimated savings do not consider other operating cost components such

as fixed O&M costs and start-up costs.

As a result of limitations in available resources, this study considers only the shoft-term
benefits which could be realized from expanded bulk power transactions. Existing
benefits resulting from present levels of economy transactions are subsumed in the
calculated totals, and short-term costs such as incremental transmission losses or wheeling
charges could not be included in the cost calculations. Despite these omissions, this report
is an appropriate first step as part of a proposed multi-year study to address these and
many other related issues. Indeed, this study has raised many new questions which can

only be answered by additional research and detailed analysis.
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This study has invéstigated the hypothesis that short-term benefits can be obtained from

enhanced coordination among ERCOT members, and shows that the level of benefits is
quite variable and dependent on the particular assumptions made about the future.
Additional studies should address the complete short term cost/benefit question by
investigating the potential costs of improving operations and coordination, as well as the

allocative questions raised by the inclusion of wheeling charges.

In this study, the major factor driving the level of transactions is the relative levels of

excess capacity among the utilities. Only those utilities with large amounts of available

excess capacity become large exporters of power and energy. The fuel price differential '

among the utilities, however, is the major determinant of the monetary value of the
savings attributable to the increased level of transactions. This can be easily seen by
comparing the values shown for the two reference cases for each study year which are

based on quite different forecasts of the structure of natural gas markets and prices.

In addition to the refinement of short-term considerations, potential long-term coéts and
benefits should be estimated and carefully analyzed in future research efforts.
Theoretically, increased coordination through joint planning of the bulk power
transmission System can use resources located in some utility systems to eliminate or
defer the need for new generating capacity additions in others. If, however, the available
resources are located outside of ERCOT, there are a number of technical, legal, and
institutional questions which also have long-term consequences and which must be
thoroughly investigated and understood before any attempt is ‘made to proceed. At
present, according to the PUCT General Counsel’s office, such inter-ties could only occur

if ordered by FERC under special conditions.

Within the ERCOT system, although existing and planned transmission facilities appear to

have sufficient capability to handle the lower estimated levels of power and energy
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exchanges under normal operating conditions, their reliability may be compromised by the
increased flows. In one alternative scenario, assuming the existence of outages of selected
transmission lines, transactions are reduced by nearly one-third. If more detailed analyses
are performed in the future and alsb indicate that such problems persist, some new lines
will need to be built and some existing equipment will need to be upgraded to
accommodate the increased level of transactions. Future research efforts, in c;doperation
with ERCOT and individual utilities, should be directed at identifying the particular

regions and facilities where potential transmission problems may arise.

The potential need for the construction of additional or upgraded transmission facilities
also raises questions about. the possible health or environmental consequences of such

projects. Despite extensive research, no consensus has been reached in the scientific

~ community, or among State regulatory authorities, about the presence or absence of

transmission-related public health problems which might require additional regulatory
attention. The study concludes that the PUCT shouid continue to closely monitor
developments in this area and develop an annual assessment based 6n emerging research.
Similarly, the PUCT’s environmental requirements are about average when compared to

other states, and do not currently require modification.

Enhanced operational coordinaﬁon in the ERCOT system would also increase the
potential utilization of cogeneration located in the Gulf Coast area. As a result of much
slower load growth, HL&P does not expect to contract for any additional capacity from
cogenerators until at least 1995. However, to the extent that it is operationally feasible,
other utilities with the need to obtain additional capacity and energy may well be able to
take advantage of this relatively inexpensive source in the ‘short-tcxm. If future

cogeneration facilities have adequate access to the transmission grid, all of the ERCOT
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utilities may want to include some cogeneration supply in their resource plans for the

future.

With respect to the efficiency of energy usage in Texas, the study indicates that almost no

| change in total BTU’s result from fully coordinated operations with diverging gas prices.

With converging gas prices the BTU reductions are 0.75% and 0.37%, in 1990 and 1995,

respectively. However, for natural gas, which is expected to become more scarce in the
future, the respective savings for gas-fired generation owned by the ERCOT utilities are
6.6% and 3.2% with diverging gas prices, or 5.9% and 4.5% with converging gas prices.
These 'reductions take place through the substitution of nuclear, coal, and lignite fuels for
the relatively more expensive natural gas. Additional gas savings of 4.8% and 5.3% may
be realized through the relative efficiency of cogeneration as compared to conventional
gas-fired generation. These estimated fuel savings give another positive indication of the
potential for a more efficient usage of the State’s energy resources in the production and

transmission of electricity within the ERCOT system.

1.8 Summary of Recommendations

Presented below are recommendations for policy changes and/or actions which will assist
in the development of strategies to expand the level of bulk power transactions in the

State. Also, several topics which.reguire additional research are identified.

1.8.1 Policy Recommendations

Based on the results and conclusions of this study, the following actions are recommended
for implementation by the utilities, ERCOT, and the PUCT:
e Individual utilities in the State, working cooperatively through ERCOT or

other organizations, should take positive steps to investigate sources of
available generating capacity located outside their own systems and, where
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economically beneficial to the ratepayers, include these sources in their
resource planning process. ;

Active and potential cogenerators and small power producers should take
positive steps to insure that all utilities in the State are aware of the amount
of capacity and energy which is, or may become, available for sale at
competitive prices.

Utilities and cogenerators should continue to define and refine more
accurate methodologies for determining comparable costs for existing and
proposed capacity and energy in the State.

ERCOT, through its various committees, should provide a forum for the

_ evaluation of transmission requirements for existing and potential capacity

and energy transactions which includes economic as well as reliability
considerations.

ERCOT, in cooperation with its member utilities, should closely monitor
the newly implemented brokerage system and the existing bulletin board
system with the intent to improve the information available to potential
buyers and sellers, and thereby facilitate power and energy transactions
among the participants. ~ : ~

The PUCT, in cooperation with individual utilities and ERCOT,v should
closely monitor and review the effects of the current wheeling regulations
on existing and potential bulk power transactions.

The PUCT should continue to obtain and evaluate information which
characterizes the State’s bulk power system and identify potential areas of
coordination which will improve the efﬁc1ency of the use of the energy
resources within the State.

The PUCT should continue to 1dent1fy the impediments to bulk power
transactions among the State’s utilities and, where possible, adopt policies
which will ameliorate these problems, as is currently being done with a
review and streamlining of transmission certification requirements.

The PUCT and the State’s utilitiés should closely monitor emerging

research concerning possible health or environmental effects associated -

with transmission facilities and develop an annual assessment of the

_information along with any necessary recommendations for action.

The PUCT should monitor the development of bulk power transactions
among the State’s utilities with respect to access to the transmission system
and the potential for increased competition among buyers and sellers of
wholesale power and energy.
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1.8.2 Additional Research Topics

The PUCT, ERCOT, individual utilities, and cogenerators should conduct additional
research into the following topics which are extensions of the scope of this study, or are
issues which were raised by the study, itself:

e The short-term costs, including administrative requirements, associated
with implementing various levels of coordination among the State’s
utilities, and particularly within the ERCOT system.

» The optimal and equitable allocation of potential savings for specific
utilities engaging in expanded transactions, whether they are the buyer,
seller, or wheeler.

e The identification and estimation of specific long-term costs and benefits
which might be obtained as a result of avoiding or deferring the need to
construct additional generating capacity.

+ The long-term role of cogeneration as a supply resource in the State and
the competitive impacts on the State’s utilities.

¢ The 'especnve roles of the utilities, ERCOT, and the PUCT for
transmission system planning to provide enhanced opportunities for bulk
power transactions.

* The detailed identification of components of the transmission system
which may need to be strengthened in order to retam ERCOT’s excellent
reliability at increased levels of transactions.

« The impact of wheeling charges and incremental line losses on the benefits
and costs of bulk power transactions and their effects on the efficient use of
energy. '

* The potential impacts of interconnecting ERCOT to adjacent power pools
or non-ERCOT utilities and the impact on efficient energy utilization.

* The potential impacts of increased bulk power transactions, their costs, and
their savings on individual utilities and ultimately, on the residential,
commercial, and industrial electricity consumers and ratepayers of Texas.

1.9. Report Organization

This report is organized into eight chapters plus seven technical appendices. Chapter 1,

which serves as both an introduction and executive summary, presents an overview of the

1-32 : Introduction




issues, objectives, methodology, scenarios, results, and conclusions of the study. Chapter
2 describes the econom‘ié theory underlying the analysis in the context of the electric
industry, the role of uncertainty, and the role of competition. It also contains reviews of
several previous studies of bulk power transactions, power pooling, and coordination of
utility operations. Chapter 3 describes the operation ‘and g:onﬁguration of the electricb
power industry in Texas including information on generation capacity, peak demand
forecasts, resource expansion plans, cogeneration, the transmission system, and fuel
prices. Chapter 4 presents the iindeﬂying assumptions, analysis, and results of the
reference case scenarios for the years 1986, 1990, and 1995. Chapter 5 presents the

underlying assumptions, analysis, and results of a wide variety of alternative scenarios

which test the sensitivity of the model to changes in key parameters. Chapter 6 discusses

some of the background and I’iterafurc about health and environmental issues, and presents
the results of a survey of othér states’ regulatory policies concerning these matters.
Chapter 7 reviews several studies of non-technical impediments to power transfers and
their applicability to recent experience in Texas. Chapter 8 presents a summary of the
study, suggests policy recommendations, and identifies several topics which require

additional research.

Appendicés A,B,C,D,E, F, and G, which appear in separate volumes, contain detailed
model descriptions, input data, simulation output, survey results, and other extensive

background material which document the methodology and analysis for the entire study.
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Chapter 2

__Bulk Power Transactions:, .
~ Economic Theory and Review of Previous Studies

This chapter provides a general discussion of the underlying theoretical basis for the
analysis of bulk power transactions. Economic theory and analysis are often used for
decision support in many contemporary industry and regulatory settings. This study,
however, recognizes the limitations of simpie translations of theoretical applications
obtained from other industrial scttingé and employs them cautiously. Similarly, the

utility industry in Texas, when compared to other geographical regions of the nation, has

~ many unique qualities which must be specifically characterized. Thus, particular

attention is given not only to the uniqueness of this industrial setting but also to special

considerations of current and expected conditions in the State.

The first section of the chaptér deals with the application of economic theory to the

electric utility industry. The next section discusses the uniqﬁe structure of the electric |
power industry in genéral, and in Texas in particular. Uncertainty, és it pertains to the
electric power industry, is then discussed, followed by a discussion of the role of
competition in the market for electric power. Fihally, five }studies dealing with power

pooling and operational coordination released since 1975 are briefly discussed.

2.1 Application of Econoﬁ:ic TheOry

Economic theory, as applied to the electric utility industry, is generally concerned with
economic efficiency. Economic efficiency has two principal dimensions: the cost of
supplying electricity and the prices that electricity consumers are chafged. This study
focuses primarily on thé potential for supply-side efficiency and does not address the

demand-side issues. Theoretically, cost savings obtained through increased supply-side
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efficiency would be reflected in the utilities’ costs of service and, ultimately, in the price

of electricity.

From an economic perspective, supply-side efficiency could reach its maximum potential
when the supply system can satisfy the total demand requirements at the minimum cost
among all other potential supply options. The goal to minimize the cost can be divided
into long-term and short;tcrrn goals. The long-term goal involves resource planning to
yield optimum supply level and fuel mix. The short-term goal involves scheduling the
utilization of existing resourceé to minimize operating costs. This study is concern with

the short-term goal. '

From the long-term perspective, if a utility has more generation resources than it requires
to meet demand, consumers may be forced to pay for these unused resources. On the
other hand, if the utility does not have adequate generation resoﬁrces, a portion of the
demand will not be met. The cost associated with this supply deficiency is very difficuit
to measure but is considered to be very high for many customers.l Taking this cost of
unservea demand into consideration, it is generally accepted that cost minimization

cannot be achieved unless the utility can meet all the noninterruptible demand.

Theoretically, total cost is minimized when the generation resources can meet the
demand without any excess, provided that the capacity mix is "optimum."” An optimum
capacity mix is the combination of different generating units that result in minimum

operating cost for a given range of demand fluctuation in a given period of time.

From the short-term perspective, the utility can minimize total operating cost by applying

the principle of "equimarginal” or "equal incremental cost." Under this principle, total

1The Value of Service Reliability to Consumers, EPRI EA-4494, May, 1986. .
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operating cost is minimized when every generating unit in the system operates at the -
same marginal cost, given that the sum generation from all units equals the total
generation requirements. The marginal cost for a generating unit is defined as the

increase in costs associated with meeting the next incremental demand. The marginal

" cost is a nonlinear function of power output (MW). Equal marginal costs represent a

state of the systerh where no further adjustment can be made to reduce the total operating
cost at that demand level. To demonstrate this,pﬁnciple, one can assume a utility with
three generating units, A, B, and C, opefating at the marginal costs of x, y, and z
$/MWH, respectively. A further assumption can be made that x is greater than y, and y
is greater than z. If the outpﬁt from unit A is reduced by 1 MWH and the output from
unit C is increased by 1 MWH, the total operating ;:ost will be reduced by the difference
between z and x. A similar adjustment can be\made to the A-B and B-C pairs to further
reduce the operating cost. This illustrates that if units in the sysferri operate at different

marginal costs, an adjustment can always. be made to the system to reduce the total

operating cost. It is clear that once x, y, and z are equal, no adjustment can be made to

the generation scheduling that will result in cost reduction.

The equalization of marginal costs is only an ideal condition which must be modified
when other factors are considered. For example, the margihal cost function of a base
load unit has a much lower range than that of a peaking unit. It 1s not likely that a base
load unit will be operating at the same marginal cost as a peaking unit without violating
the capacity limit. Therefore, the capacity limit is a constraint that must be imposed on
the generation scheduling. Another factor is the transmission system which can affect the
operation in two ways. Firét, losses occur when power flows through transmission lines.
For the equimarginal cost principle to hold, the line loss component must be included as
part of the marginal cost. Second, the transmission system may have 1imitations that

prevent some units in the system from being utilized in the most economical fashion. In
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the past, when utility systems were small, the effects of transmission were usually
neglectéd since transmission networks had usually had adequate capability to deliver

electricity.

'With the complexity of modem power systems, the transmission system is becoming an
important element in total system operation. The transmission network, which was
formérly regarded as merely a means to deliver electricity to load centers, is now
recognized as a component of resource planning and is used to assure that available
generating resources will be utilized at their full economic potential. Systems that were
once isolated are now interconnected forming a singlé, sizable network. Choices have to
be made on how the interconnection should be made, given budget constraints. The
significance of the transmission system can no longer be neglected. In order to meet the
demand, adequate transmiséion capability is required in addition to adequate generating

capability. A weak transmission system can limit the use of economical resources and, in

the worst case, cause a curtailment in electricity supply which can be very costly to

society.

2.2 Structure of the Electric Power Industry

Unlike other industries, the goods produced by the electric power industry do not possess
physical mass. Its existence can only be felt but not touched. Yet the product is vital to
everyday life and the economy. Unlike other kinds of goods that can be packaged and
transported by conventional means, electricity must be delivered thrbugh wires. A
producer of electricity cannot necessarily direct the output to a particular location. Once
electricity is produced, it will travel through the interconnected transmission and

distribution lines. This means that the electricity which supplies a certain light bulb
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kcomes virtually from all active generating,stations that are connected to the transmission
grid. |

The need for transmission and distribution lines to deliver electricity usually makes it
extremely inefficient to have more than one utility serve a given area. Therefore, the
industry becomes monopolistic and is reciuired to opérate under regulations. While
municipally-owned utilitit}s are generally selffregulated,' investor-owned utilities are
regulated by government agencies. The purpose of regulation is to insure that the utilities

provide acceptable service while given the opportunity to earn a fair return ‘on their

‘investment. The major part of a utility’s investment is composed of generating stations

and transmission and distribution equipment. While the investment is usually large, the

risk is usually low compated_ to other industries.

From the operational perspective, the industry is comprised of three distinct but
dependent segments: generation, transmission, and distribution. As the name implies, the
generation segment is comprised of poWer stations that produce electricity. The function
of both transmission and distribution segnients is to transport electricity, but the two
differ in the way they carry electricity and in technical designs The transmission system
is designed to carry a large amount of power from generating Sources to substations
located close to the demand center. Connections are also méde between genérating
stations to reinforce the network. The distribution system carries electricity from the

substations to the end-use customers.

The transmission network is usually comprised of power lines of 69 KV and above while
the distribution network is comprised of lines from less than 69 KV to 110 volts, the
voltage level used in a typical residential dwelling. The higher voltages used by a

transmission system are designed to carry large amounts of power with minimum losses.
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The characteristics of the distribution system are dictated mostly by the dispersion of
local loads. The planning process of distribution is almost independent from generation
and transmission planning. The generation and transmission systems, however, are
related. The more complex the system, the more closely related the two are. The sole
purpose of the transmission system is to reliably and economically deliver electricity
from the generation‘sources to the distribution network. Transmission planning mﬁst be

implemented in such a way as to support generation planning.

2.3 Uncertainty

Electric utilities have an obligation to provide an adequate supply of electricity at the
lowest possible cost, although elements of uncertainty can make this objective difficult to
achieve. Electric utilities must deal with uncertainty in both day-to-day operation and

long-term planning.

In daily operation, mechanical problems can develop in any generating unit which force
it to be shut down. An accident can happen to a component of the transmission network
such as a transformer which puts it out of service. This implies that a utility must have
"reserve resources” to make sure that such events will not curtail the delivery of
electricity. For generation planning, a utility .needs to have capacity exceeding peak
demand to make up for an unexpected loss of generation. For transmission planning, the
network must be strong enough to still handle the power flow even thopgh' some lines are
disconnected. At the same time, the utility is not permitted to build any generating

stations or transmission lines that it does not really need.

Uncertainty in demand growth makes it extremely difficult, if not impossible, to have just
enough resources to meet demand. Construction of a new generating station takes

anywhere from five to as long as fifteen years to complete. Any commitment to the
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construction of a new facility, therefore, must be made several years in advance.
Uncertainty in demand _may cause some utilities to have excess capacity and - others to

experience supply deficiencies.

Other types of uncertainty include those associated with fuel markets, construction
delays, and cost overruns. Because system planning has several years’ lead time, the
element of ux;certainty may result in a plan} which fails to minimize costs. This is ;
because changes in affecting parameters such as demand and fuel prices can drastically

affect the demand/supply balance and alter the optimum condition for capacity mix.

Ina variéty of instances, the existence of uncertainty may motivate a greéter degree of
coordination among the interconnected utilities. For éxample, a common type of
uncertainty that system planners must recognize is that associated with dail)" and seasoﬁal
load fluctuations. A coordination that permits capacity and reserve requirements to be
shared among the interconnected utilities may ’result'.in greater economic efﬁcienéy. This
may be particularly true for interconnected systems which serve large numbers of diverse

customers.

System interconnection can help the utilities deal with uncertainties. Intefconnections
effectively increase thé size of the system, thus, reducing the relative impacts of
uncertainties. The transmission system, the only means of interconnection, plays a vital
role in mitigating the impacts of uncertainties. A strong transmission network can reduce

demand/supply imbalances as well as fuel price differentials.

2.4 Competition

From a purely economic standpoint, an increase in competition may result in greater

system efficiency. However, the current conditions within which the electric power
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industry operates permit only limited types of competition. One of these is the
competition for industrial customers. In conjunction with recruitment and incentives
offered by state and local governments, utilities often compete with other states for new
industrial customers. They also may compete with each other for industries within the
state. For many industrial firms, electricity costs represent a relatively large portion of
total manufacturing costs. These firms are likely to locate where these costs are lowest.
Some of the utilities may even offer special rates to encourage these customers to locate

within their service areas.

In addition, some utilities are striving to discourage large industrial customers from
leaving the system to produce their own electricity as a result of rate increases. Loss of
such a customer will cause the rate base to be spread over a smaller customer base,
thereby raising rates for remaining customers and causing a "death spiral” to gather

momentum.

Competition may also exist among generating utilities to sell power to nongenerating
utilities. Traditionally, these nongenerating utilities have contracted to purchase power
only from the generating utility serving the area in which they are locatcd. If increased
access to the bulk power transmission system is allowed, more competition can occur as

old contracts expire or are renegotiated.

A key element of the forms of competition described above is that each may be
considered a sub-category or proxy for competition for bulk power transfers. For the
most part, the competition referenced here is at the wholesale level, although industrial
self-generation may also be thought of as a retail sale displacement. This type of
enhanced competition at the generation level requires accessibility and sufficient

capacity of the transmission network.
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2.5 Previous Studies

During the past decade a variety of studies, similar in nature to the PUCT project, have
been conducted.  The following discussion briefly presents examples of these works and
the conclusions drawn from them. In general, these studies have analyzed the changing
nature of ownership, financing, plahning, and operation of electric utilities in part or
portions of the U.S. power grid system. These studies have thus dealt with such concepts
as rate structures, efficiencies in regional transmission 6f bulk power, ﬁnancing of new
generation facilities, system reliability, and competition. While this study addresses
many similar concepts, there are significant differences in the methodologies employed
as well as project scope. These differences may largely be attributed to the increase in

computational capability which now permits the management of large amounts of data.

The first three studies discussed are national in scope and not specifically directed to the
ERCOT system. The first is the National Power Grid Study performed by the
Department of Energy (DOE) in 1980. The second is another 1980 DOE study, Power
Pooling: Issues and Approaches. The third is a 1981 FERC study entitled Power
Pooling in the United States. Additional studies that deal specifically with wheeling

and impediments to bulk power transfers are cited in Chapter 7.

Finally, two separate studies performed on the Central and South West system (C&SW)
are briefly discussed. Both of these studies were designed to capture the technical and
economic aspects of alternative generation and transmission plans for interconnecting the
four operating companies of the C&SW system, two of which (CP&L and WTU) are
ERCOT utilities while the other two (Southwestern Electric Power Company (SWEPCO)
and Public Service of Oklahoma (PSQ)) belong to the Southwest Power Pool (SPP).

9
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2.5.1 National Studies

The national studies resulted largely because of dramatic increases in energy prices in the
early part of the 1970s and a nationwide recognition that the future development of the
nation’s bulk power system including transmission facilities had become very
. controversial issues. Because of the large financial commitments, substantial risks, and
the burgeoning regulatory climate, the studies discussed below were designed to
invésﬁgate whether or not 6pportunities might exist, on a national level, to make more
efficient use of the nation’s existing and future resources dedicated to the production,

transmission, and distribution of power.
2.5.1.1 National Power Grid Study by the U.S. Department of Energy (1980)

In 1977, U.S. Senate Bill 1991 and House Bill 8793 were both introduced to the 95th
Congress to begin establishing a national power grid policy. Then DOE Secretary James
Schlesinger and President Carter were also committed to such an undertaking. One result
of these efforts was the National Power Grid Study that was published in 1980. The
study produced many interesting recommendations, some of which are the following:

1. The structure of the nation’s electric power industry should be

maintained. Additional coordination and integration could be achieved
without sweeping institutional rearrangements.

2. In certain geographical areas a high degree of interconnection,
coordination, and integration already exists while, simultaneously,
there are areas of the U.S. where opposite conditions exist. Where the
latter may be identified, the potential for greater integration should be
explored.

3. A multi-state or regional approach to state regulation of utilities should
be pursued. Regulatory agencies with adjoining jurisdictions which
can or do comprise a power pool should initiate steps to permit them to
address issues of joint interest.

4. Joint planning and operations should be encouraged.

5. Access to unused or underutilized transmission capacity should be
assured where technically feasible.
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6. The analytical capabilities of regulatory agencies should be enhanced
and an accessible_ databank should be established.

7. The desirability of interconnecting ERCOT with the Eastern system
should be investigated.
Clearly, many of the recommendations suggested in this earlier study are also areas of
concemn for Texas ratepayers. In many respects the PUCT project may be thought of as

an extension of the National Power Grid Study.
2.5.1.2 Power Pooling: Issues and Approaches by the U.S. Department of Energy (1980)

This study which began in 1978 was conducted by Resource Planning Associates, Inc. of

Cambridge, Massachusetts under contract with the Department of Energy. The primary

objectives -of the study were to investigate the use of power pooling to stabilize and

possibly lower utility operating and capital costs and lessen national dependence on
imported oil. The contract called for a comparative analysis of the New England Power
Pool (NEPOOL), the New York Power Pool (NYPP), the Pennsylvania-New Jersey-
Maryland  Interconnection (PJM) and the Florida Electric Power Coordinating Group
(FCG). While the other three were well-established systems, FCG had just begun to

operate as a pool.

The study looked at various aspects of pooling operations among these four pools and
identified issues faced by the pool members. According to the report, two fundamental
issues are the obligation of each member to provide generation and transmission facilities
to the pool and the right of each member to access those facilities. The nature of each of
these issues varies depending on the objectives of individual utilities, but is usually
formed around the economic‘ and reliability benefits of pooling and the enhancement or

preservation of the market position of the firm. These issues are generally resolved
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voluntarily among involved utilities; however, the resulting agreements must be

approved by FERC.

Another issue is the coordination of operations which is very important in achicvihg the
fundamental goals of power pooling. These goals are reduced operating costs, increased
reliability, and improved operating efficiency. In the short term, well-coordinated
operations can lead to substantial savings in fuel costs, while in the long run, they can

lead to more effective capacity expansion planning that provides economic benefits to the
| entire pool. According to the study, in 1978 the intrapool lenergy exchanges saved FCG
$16 million, NEPOOL $30 million, NYPP $60 million, and PJM $200 million.

The third and final issue mentioned in the report is pricing of transactions. An
appropriate pricing prbcedure is the most critical factor in the early stage of power
pooling and must be designed to allow an equitable distribution of costs zind benefits
among all pool members. Trade-offs must be made between simplicity and accuracy.
Complex procedures may yield more accuracy but incur costs that may be high enough to
offset the benefits. Factors affecting the pricing policy are unique for each pool but
usually include the frequency of transactions, types of transactions, and system
configurations; however, for the four pools in the study, similar pricing methods are
adopted for similar transactions. In general, the greater the number and types of

transactions, the more complex the pricing procedures become.

As a result of reviewing the opéfations of the four power pools, the study suggests that
the formation of a power pool should evolve from simple transactions without formal
agreement ultimately into fully centralized dispatch and unit commitment. The first step
is to establish an energy broker system which can be achieved in a relatively short time if
adequate transmission facilities are available. At this stage, pricing issues are not overly

complex and the required investment in the facilities is small. Within this stage, member
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utilities can lay the groundwork for increasing coordination which involves an increase in
the centralization of dispatching functions. TWo forms of centralization are a full
integration with a single designated dispatch center that has control over all the
generating units, and a coordinating central dispatch center that provides detailed
schedules to pool members while individual members still have full control over their
own systems. As evolution progresses within this stage, a formal maintenance
scheduling policy should be adopted and coordination of unit commitment should be
initiated. Increased operation coordination at this stage requires more investment and
commitment. The final stage of a fully integrated power pool is totally centralized unit
commitment with the member utilities operating as a single system and coordination
extending into long-term planning as well.

2.5.1.3 Power Pooling in The United States by The Federal Energy Regulatory
Commission (1981)

According to the Public Utility Regulatory Policies Act (PURPA) passed in 1978, FERC
is required to "study the opportunities for (A) conservation of energy, (B) optimization in
the efficiency of the use of facilitieé and resources, and (C) increased reliability, through
pooling arrangements.” The 1981 study is a result of these requirements and identifies
seventeen major power pools existing in 1980 with a combined generating capacity of
over 320,000 megawatts -- more than 58 percent bf total capacity in the contiguous
United States. Four of the seventeen operated as "tight" power pools Where the members
jointly operated the systems as a single entity, while eight operated as "loose" pools.
Five, including one in Texas, were holding company pools. In Texas, the Texas Utilities
Electric Company pool consisted of three members: Dallas Power & Light, Texés Power
& Light, and Texas Electric Service. (These companies were merged in 1984 and now

operate as a single entity.)

Bulk Power Transactions: Economic Theory and Review of Previous Studies 2-13



. Most of the power pools were formed during the 1950s and 1960s so there was

essentially no increase in the number of power pools during the 1970s. Among the
reasons cited in the report were slow growth in demand, smaller benefits gained in
forming new pools, provision of coordination through the regional Reliability Councils,
and joint ownership of génerating facilities. The report also mentions that, in the recent
past, several state commissions showed interest in holding down electricity rates through

increased coordination.

In addition to a general review of power pooling, the FERC study also contains a review
of operatioﬁs in different regions. One chapter in the report is devoted entirely to
systems in ERCOT. In 1967, nine major utilities in Texas signed a coordination
agreement to form the Texas Interconnected System(TIS) -- mainly to insure the
maximum reliability of operations. In the past, utilities in Texas ﬁscd natural gas as their
primary fuel. Thus with similar capacity mixes, productioﬁ costs were similar throughout
the state and provided little basis for energy exchange. The need to replace natural gas
with alternative fuels like coal and nuclear were expected to widen the differential in

production costs and increase the potential benefits of power interchange.

2.5.2 ERCOT Studies

As discussed in more detail in Chapter 5, ERCOT is interconnected to the Southwest
Power Pool thr_ough a DC tie between two Central & Southwest (C&SW) companies,
WTU and PSO. As part of the process to determine the efficacy of the C&SW status,
two independent studies were performed. The ﬁrst‘ study presented below was
commissioned by C&SW, while the second was commissioned by HL&P. Given that
these two utilities had opposite objectives in mind,' it is not surprising that the studies

produced differing results.
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2.5.2.1 Expansion Study of the Central & South West Corporatlon Electric Powcr Sytem
by Power Technologies, Inc. (November 14, 1975).

Power Technologies, Inc. (PTI), was contracted in the early 1970s by the Central &
South West Corporation (C&SW) to examine the général technical feasibility and
economics of the future expansion of the bulk power system' of the C&SW. This
particular study was triggered by questions raised before the Security and Exchange
Commission (SEC) involving the C&SW operating pattern.  Alteration of boperating
patterns of the entire ERCOT and SPP regions was not considered. Analysis was instead
limited to considering the potential effects of changing operating patterns only on the
C&SW customers. The PTI study was not intended to offer detailed system
representation. According to the rcpbrt.:

The results of the 20-year expansion studies indicate that there are long-

run economies available by adopting a pattern of complete synchronous

operation for the C&SW companies. The savings in revenue requirements

are primarily due to the operating economies that are potentially available

by using an economic dispatch which considers the consolidated load of

all of the C&SW operating areas so that the larger, more efficient fossil

fired base load units will generate a larger percentage of the energy

required than they would serving individual company loads and, therefore, -

will displace the higher cost units.
The present PUCT study considers a situation similar to that which PTI examined. The
primary difference is that the current study puts greater emphasis ‘on total systemwide
efficiencies than on capturing impacts that might accrue to a specific group of utilities.

2.5.2.2 Generation and Transmission Planning Study of the Electric Facilities of the
Electric Reliability Council of Texas by Stagg Systems, Inc.(December 1, 1977)

Two years after the PTI results were published, HL&P contracted with Stagg Systems,
Inc. to perform a similar type of study, but with a slightly different scope. As an
alternative, this study suggested an analysis which assumed that CP&L and the southern

part of WTU operated as part of ERCOT, and that ERCOT and the SPP did not operate
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interconnected. The ultimate objective was to compare the costs of this expansion plan
with those found in the PTI study. Under these assumptions, the study results concluded
that greater economic benefits accrued to customers of CP&L and the southern part of

WTU by their not being interconnected to the SPP.

One shortcoming of both the PTI and the Stagg stu‘dy was in the representation of the
remainder of ERCOT. In pa.rtic_ular, a host of simplifying assumptions regarding
generation and transmission expansion plans and fuel price forecasts of the other ERCOT
utilities were employed to gex_xérate the results. No effort was made in either studyto
develop ieast—cost results from a systemwide (either ERCOT or SPP) perspective. The
i;urrent PUCT study examines many objectives which are substantially more
representative of the entire ERCOT interconnected system than those offered in previous

studies.

2.6 Summary and Conclusions

Although the electric power industry has many unique features, nationally and in Texas,
economic fheofy provides a starting point for analysis. Déspite the presence of a variety
of uncertainties regarding future development of generation and transmission facilities,
large scale computer models can be used to simulate the bulk power system under

different sets of assumptions

Traditionally, electric utilities have been characterized as natural monopolies; but more
recent events have stimulated several different types of competition within the industry.
Since 1975, several studies of bulk power facilities and operations have addressed the
issues of power pooling and transmission system access. Increased emphasis on both of
these issues tends to promote competition and produce a more efficient and less costly

utilization of resources devoted to electric energy production.
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| Chapter 3
Configuration of the Electric Power Industry in Texas

This chapter provides background information on all the major generating utilities in
Texas as well as descriptions of the cogeneration market, the transmission system, and
fuel mérkets. Emphasis is placed on the seven largest generating utilities in the Electric
Reliability Council of Texas (ERCOT), since only they are explicitly analyzed using the
PUCT MAPS/MWFLOW model. Isolation of the ERCOT interconnected system from
the rest of the national power grid and the limitations of the MAPS/MWFLOW model
prohibit the explicit modelling of non-ERCOT Texas utilities.

Note that demand and capacity projections used in the study differ from those presented
in this Chapter. While the discussion in this chapter relies on the 1986 release of the
PUCT’s Long-Term Electric Peak Demand and Capacity Resource, the study uses

more recent projections supplied by the utilities.

3.1 Projected Utility Demand

The PUCT’s biennial forecast, Long-Term Electric Peak Demand and Capacity
Resource Forecast for Texas, 1986, presents projections. of demand for each of the

major utilities in Texas. This section relies on the forecasts provided in that document.

Under this forecast, growth in the peak demand and cbnsurnption of electricity in Texas
may continue to exceed national averages over the next ten years, but is expected to be
significantly slower than in the pasi. Electricity demand growth is expected to be
geographically uneven, with higher growth rates anticipated for Central Texas and lower
growth rates for East Texas and the El Paso area. In general, the Commission staff’s

independent electricity demand projections for 11 of the largest utilities in the State are
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- slightly lower than utility-developed forecasts of the same period. The forecasts are

presented in Tables 3.1-1 and 3.1-2.

For the 11 largest generating utilities in Texas, a 3.0 percent average annual growth rate

is forecast for peak demand (including interruptible load) from 1985 to 1995 . The Texask

component of the peak demand for these utilities is expected to grow at a rate of 3.2
percent. These projections are prior to adjustments for the impact of conservation and
load management programs, and have not’been adjusted for load diversity. The forecasts
- indicate a fuither slowdown from the rapid growth rates experienced in Texas in the past.
From 1950 to 1970, peak demand in Texas increased at a relatively stable 10 percent
average annual rate. From 1975 to 1985, however, peak demand growth in Texas slowed

to a rate of approximately 5 percent.

The further reduction in electric peak demand growth rates expected for the next ten
years largely reflects an anticipated slowdown in the State’s economy subsequent to the
dramatic expansion experienced in the 1970s. Lower rates of population and economic

growth are responsible for the reduction in electric power demand growth.

The staff forecasts are significantly lower than the peak load projections developed by
two utilities, El Paso Electric Company (EPEC) and Central Power and Light (CP&L).
‘Peak demand forecasts developed by the staff and these two companies differ by more

than 10 percent in 1995, the final year of the forecast horizon. Many of the State’s

- electric power producers are Currently rev1smg their demand projections downward in-

light of recent economic conditions in Texas and passage of the National Appliance

Energy Conservation Act of 1987.

Growth in clectricity demand is expected to be strongest in Central Texas, which is

- served by the Lower Colorado River Authority (LCRA), the City of Austin (COA), and
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Q TABLE 3.1-1

g | »

] PUCT Staff Recommended Peak Demand Forecasts: Total Company Basis

s ™Mw)

<,

S

by Average

:,, . Annual -

3 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 Growth

o : ‘ ’

§ TUEC 15,898 16,156 16,771 17,489 18,155 18,715 19,281 19,943 20,587 21,281 22,052 333

g HL&P 1 1,075 11,380 | 11,895 12,033 11,902 1 1,684 11,746 12,192 12,869 13,661 14,610 2.81

g CP&L 3,022 3,185 3,188 3,072 3,124 3,217 3,316 3,423 3,529 3,636 3,747 2.17

I~

g_ GSU 5,139 5,096 5,106 4,962 5,118 4,980 5,057 5,171 5,306 5,452 5,601 0.86

: .

| <} .

5 CPSB 2,350 2,450 2,529 2,616 2,712 2,811 2,915 3,018 3,123 3,239 3,358 ¢ 3.63

z SPS 3,005 2,922 3,002 3,076 3,149 3,226 3,300 3,380 3,463 3,548 3,634 1.92

S 4

§ SWEPCO 2,943 3,119 3,142 3,184 3in 3,320 3,433 3,566 3,688 3,821 3,972 3.04
LCRA 1,434 1,660 1,748 1,842 1,925 2,034 2,168 2,322 2,497 2,689 2,903 7.31
WTU 1,089 1,214 1,228 1,234 1,261 1,296 1,338 1,384 1,428 -~ 1471 1,514 335
EPEC 898 934 7 963 952 967 988 1,017 954 988 993 1,023 1.31
COA 1,320 1,384 1,464 1,542 1,619 1,696 1,773 1,852 1,933 2,014 2,098 474
TOTAL 48,173 49,500 51,036 52,002 53,167 53,967 55,344 57,205 59,411 61,805 64,512 2.96

Notes: 1) Projections include interruptible load.
2) For SPS, SWEPCO, EPEC, and GSU, data is presented on a total system basis. -
3) No adjustment has been made for load diversity.
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TABLE 3.1-2

e

PUCT Staff Recommended Peak Demand Forecasts: Texas Only Basis

MW)
Average
Annual
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 Growth
" TUEC 15,898 16,156 16,771 17,489 18,155 18,715 19,281 19,943 20,587 21,281 22,052 333
HL&P 11,075 11,380 11,895 12,033 11,902 11,684 11,746 12,192 12,869 13,661 14,610 281
CP&L 3,022 3,185 3,188 3,072 3,124 3,217 3,316 3,423 3,529 3,636 3,747 2.17
A GSU 2,352 2,452 2,481 2,507 2,713 2,585 2,627 2,675 2,727 2,781 2,834 1.88
Q : : .
5 CPSB 2,350 2,450 2,529 2,616 2,712 2,811 2,915 3,018 3,123 3,239 3,358 3.63
& :
§ SPS 2,164 2,104 2,162 2,215 2,268 2,323 2,376 2,433 2,493 2,555 2,617 1.92
= : '
s SWEPCO 1,442 = 1,528 1,539 1,560 1,554 1,627 1,682 1,747 1,807 1,872 1,947 - 3.05
Q
=, :
o LCRA 1,434 1,660 1,748 1,842 1,925 2,034 2,168 2,322 2,497 2,689 2,903 7.31
o ) ) .
-? WTU 1,089 1,214 1,228 1,234 1,261 1,296 1,338 1,384 1,428 1,471 1,514 335
Q
F‘?‘ EPEC 614 602 599 587 584 593 610 631 653 676 700 1.32
"o
% COA 1,320 1,384 1,464 1,542 1,619 1,696 1,773 1,852 1,933 2,014 2,098 474
8
S :
E TOTAL 42,760 44,114 45,604 46,697 47,814 48,581 49,832 51,622 53,645 55,875 58,381 3.16
&
St Notes: 1) Projections include interruptible load.
- 2) For SPS, SWEPCO, EPEC, and GSU, data is presented on a Texas-Only system basis.
: 3) For SPS 72% of peak is assumed to occur in Texas.
V) 4) For SWEPCO 49% of peak is assumed to occur in Texas. i
g 5) No adjustment has been made for load diversity.
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the City Public Service Board of San Antonio (CPSB). Fdr each of these utilities,
average annual growth in peak demand is expecfed to exceed 3.5 percent through 1995.
In East Texas, slow electricity demand growth is anticipated for Gulf States Utilitiés
(GSU), which serves the Beaumont area and portions of Louisiana. Slow demand growth
is also anticipated in far West Texas, served by EPEC. Both GSU and EPEC are
involved» in expensive nuclear power plant construction projects which will result in
higher electric rates énd downward pressure on electrical energy demand from each
utility’s ratepa&ers. Relatively sluggish economic growth is also expected for the areas

served by these utilities which will further suppress demand growth.

Future industrial cogeneration activity remains a key uncertainty for the demand
projections developed for the utilities serving the industrial Gulf Coast, namely Houston
Lighting and Power (HL&P), CP&L, and GSU. Low prices associated with the current
natural gas surplus make combined cycle cogeneration technology an attractive source of
process heat and an electric power supply alternative for some large industrial customers.
These industrial customers could sell the electric poWer from these projects at

competitive prices or use the power to displace their own electric load requirements.

3.2 Utility Capacity Resources

The capacity resource forecasts presented in this section are extracted from Long-Term
Electric Peak Demand and Capacity Resource Forecast for Texas, 1986, the same
report referenced in Section 3.1. These data have been subsequently revised by

individual utilities.

As large nuclear and coal-fired units currently under construction are completed, some
regions of the State are expected to experience significant excess capacity, at least in the

short term. GSU recently entered such a state upon the completion of the River Bend
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project. EPEC is also facing relatively high reserve margins with completion of the Palo
Verde project. HL&P, CPSB, and CP&L are likely to experience temporary capacity
surpluses attributable to the South Texas Nuclear Project (STNP) if the second unit of

that project is completed.

Meanwhile, other utilities in Texas are currently facing capacity deficiencies or may
experience such problems in the future. Delays in the licensing of the Comanche Peak
Nuclear Project have ieft the Texas Utilities Electric Company (TUEC) and Brazos
Electric Power Cooperative (BEPC) with a capacity deficiency and have prompted

TUEC to purchase cogenerated power produced in the Houston area.

Capacity deficiencies may compromise the reliability of a system, while capacity
surpluses may impose unnecessary costs on ratepayers or shareholders. Among the
possible solutions to such problems are increased utilization of cogenerated power
produced along the Gulf Coast and capacity transactions between utilities. Further, by
taking advantage of excess capacity in a neighboring system, a utility’s need to construct
additional generating capacity could be delayed or eliminated. The feasibility and
attractiveness of such options depend largely on the operation and configuration of the
State’s bulk power transmission system, as well as institutional and regulatory

arrangements.

On a statewide basis, if the current capacity expansion and energy efficiency plans
developed by each of the State’s generating electric utilities are realized, Texas will have
adequate capacity resources to meet its growing electrical needs over the next decade.
This conclusion holds for both the electric peak demand forecasts developed by each of
the utilities serving Texas and the independent projections developed by the staff of the
PUCT.

3-6 Configuration of the Electric Power Industry in Texas
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In the past, the level of reliability of power generation in Texas has been very high.
Reserve margins, the difference between expected available capacity and anticipated

demand, provide a sirnple measure of the expected reliability of an electric power system.

Based on the Commission’s peak demand forecasts and using target reserve margins in
the 20-25 percent range, some 16,500 MW of z‘),dditional capacity will be required during
the next ten years. Of thlS total, 10,200 MW is 'un.der cohstmctionfwhich is not deferred
in the staff analysis. The remaining 6,300 MW which ‘must be added during the latter
half of the 1986-95 period could be supplied by a combination of four major capacity

sources.

*  cogeneration and small power producers
+ interregional purchased power
*  generating unit life extension projects or improVin'g existing plant efficiency

* conventional power plants

Of these four sources, cogeneration and conflenﬁonal power4p1ants will most likely
provide the major contributions to capacity needs in the period. While it appears that
there could be sufficient cogeneration to supply nearly all of the capacity needs during
the period, this option involves significant uncertainty. Given the relatively long lead
times required for planning and construction of base load power plants,. it would not be
prudent to defer plans for all conventional capacity until the future development of
cogeneration and other poteﬁﬁal supply-side options is more certain. However, deferral
of some utility planned capacity may be prudent, as cogeneration contracts have been

demonstrated to be economically competitive with utility-constructed base load plants.

Table 3.2-1 lists recommended plant additions during the next ten years, with generating

units grouped by the year that they are expected to first serve the summer peak.

Configuration of the Electric Power Industry in Texas - » 3-7
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1986-95 Generating Unit Additions

TABLE 3.2-1

Net Utility Texas Primary
Rating Owned Allocated Fuel On Line Current Cost
Year* Plant Unit MW) Utility MW) (MW)  Type Location Date Status  ($/KW)
1986
Palo Verde 1 1,270 EPEC 200 160 Nuclear Phoenix,Ar. Dec-85 Existing NA
River Bend 1 940 GSU 658 263°  Nuclear E.Baton Rouge,La.  Jan-86 Existing NA
Limestone 1 720 HL&P 720 720 Lignite Limestone,Tx. Dec-85 Existing 903
Dolet Hills 1 640 SWEPCO 257 141 Lignite DeSoto,La. Apr-86 - Existing 877
NETEC 38 38 Lignite DeSoto,La. Apr-86 Existing - 877
1986 TOTAL 1,322 :
1987 '
Palo Verde 2 1,270 EPEC 200 160 Nuclear Phoenix,Ar. Oct-86 99.9% Comp. NA
Limestone 2 720 HL&P 720 720 Lignite Limestone,Tx. Dec-86  61% Comp. 903
Oklaunion 1 665 WTU 364 364 Coal Wilbarger, Tx. Dec-8¢ 80% Comp. 587
CP&L 119 119 Coal Wilbarger,Tx. Dec-86 80% Comp. 587
Combustion Turbines COA 105 105 Nat. Gas Travis, Tx. May-87 143
Longhom Hydro 3 COA 3 3 Hydro - Travis,Tx. May-87 3,333
1987 TOTAL 1,471
1988
Palo Verde 3 1,270 EPEC 200 160 Nuclear Phoenix,Ar. Jun-87 98% Comp. NA
South Texas 1 1,250 HL&P 385 385 Nuclear Matagorda,Tx. Jun-87  84% Comp. 2,288
CPSB 350 350 Nuclear Matagorda,Tx. Jun-87 84% Comp. 2,288
CP&L 315 315  Nuclear Matagorda, Tx. Jun-87 849% Comp. 2,288
COA 200 200 Nuclear Matagorda, Tx. Jun-87 84% Comp. 2,288
*Year unit first serves the summer peak.



Q TABLE 3.2-1 (Continued)
=
% 1986-95 Generating Unit Additions
g :
Q
S Net Utility  Texas Primary
= : Rating Owned Allocated Fuel On Line Current Cost
% " Year* Plant " Unit MW) Utility MW) MW)  Type Location Date Status  ($/KW)
((:1 Comanche Peak 1 1,150 TUEC 1,010 1,010 Nuclear Sommerville,Tx, Jul-87 99% Comp. 2,297
& :  TMPA n 71  Nuclear Sommerville,Tx. Jul-87 99% Comp. 2,297
§. BEPC 44 44  Nuclear Sommerville,Tx. Jul-87 99% Comp. 2,297
Su : TEX-LA 25 25 Nuclear Sommerville,Tx. Jul-87  99% Comp. 2,297
Q Fayette 3 400 LCRA 400 400 Lignite Fayette,Tx. Jan-88 23% Comp. 1,171
§ Permian Basin CT = 1 190 TUEC 190 190  Nat. Gas Ward,Tx. Jan-88 Proposed 440
: Town Bluff 1 6 SRG&T 2 2 Hydro unknown Jan-88 Proposed NA
& 1988 TOTAL 3,152 |
3 1989 |
5 South Texas 2 1,250 HL&P 385 385 Nuclear Matagorda,Tx. Jun-89  55% Comp. 2,288
:;] CPSB 350 350 Nuclear Matagorda, Tx. Jun-89 - 55% Comp. 2,288
g CP&L 315 315 Nuclear Matagorda, Tx., Jun-89  55% Comp. 2,288
“ COA 200 200 Nuclear Matagorda,Tx. Jun-89  55% Comp. 2,288
Comanche Peak "2 1,150 TUEC 1,010 1,010 Nuclear  Sommerville,Tx. Jan-88 72% Comp. 2,297
TMPA 71 71 Nuclear Sommerville,Tx. Jan-88 72% Comp. 2,297
BEPC 44 44 Nuclear Sommerville, Tx. Jan-88 = 72% Comp. 2,297
TEX-LA 25 25 Nuclear Sommerville,Tx. Jan-88 72% Comp. 2,297
Municipal Waste . 20 COA 20 20 Refuse Travis, Tx. - Nov-88 3,500
1989 TOTAL 2,420 ;
1990
Morgan Creek CT 1 400 TUEC 400 400  Nat. Gas Mitchell,Tx. Jan-90 Proposed 501
DeCordova CT 1 260  TUEC 260 260  Nat. Gas Hood,Tx. Jan-90 Proposed 504
Permian Basin CT 2 110 TUEC 110 110  Nat. Gas Ward,Tx. Jan-90 Proposed 503
w *Year unit first serves the summer peak.
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TABLE 3.2-1 (Continued)

1986-95 Generating Unit Additions

Net Utility Texas Primary :
Rating Owned Allocated Fuel On Line Current Cost
Year® Plant Unit MW) Utility MW) MW)  Type - Location Date Status  ($/KW)
Municipal Waste 36 CPSB 36 36
1990 TOTAL 806
1991
Twin Oak 1 750 TUEC 750 750 Lignite Robertson,Tx. Jan-91 15% Comp. 1,608
Calvert 1 156 TNP 156 156 Lignite Robertson,Tx. Jul-90 Proposed 1,390
Milier 4 100 BEPC 100 100
1991 TOTAL 1,006
1992 "
Twin Oak 2 750 TUEC 750 750 Lignite Robertson,Tx. Jan-92  10% Comp. 894
Calvert 2 . 156 TNP 156 156 Lignite Robertson, Tx. Jui-91 Proposed 1,395
Miiler 5 150 BEPC - 150 " 150 :
1992 TOTAL 1,056
1993 '
Lignite 500 . CPSB 500 500 :
Fayette 4 400 LCRA 400 400 Lignite Fayette, Tx. Jul-92 Proposed 888
Calvert 3 156 TNP 156 156 Lignite Robertson, Tx. Jul-92 Proposed 1,503
Miller 6 150 BEPC 150 150
1993 TOTAL 1,206
1994
San Miguel 2 400 BEPC 200 200
STEC 200 200 Lignite Atascosa, Tx. Jan-94 Proposed 2,000
Combustion Turbines 225 SWEPCO 225 124  Nat. Gas unassigned Dec-93 Proposed 352

*Year unit first serves the summer peak.
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TABLE 3.2-1 (Continued)

1986-95 Generating Unit Additions

Net Utility Texas Primary

: Rating Owned Allocated Fuel - - OnLine Current Cost
Year* Plant Unit MW) Utility (MW) MW)  Type Location - Date Status  ($/KW)
Calvert 4 156 TNP 156 156 Lignite Robertson,Tx. 7 Jul-93 Proposed 1,583
Combustion Turbine 75 WTU 75 75 Nat. Gas unassigned Dec-93 Proposed 352
Denver City 4 50 SPS 50 38  Nat Gas Yokum,Tx. Jan-91 Refurb/React 68
Roswell GT 10 SPS 10 8 Nat. Gas Chaves,NM. Jan-91 Refurb/React = 164

1994 TOTAL 801 ~
Forest Grove 1 750 TUEC = 750 750 Lignite Henderson, Tx. Jan-9311% Comp. Comp. 1,649
Coal 1 400 LCRA 400 400 Coal unassigned = Jul-94 Proposed 932
Moore County 3 48 "~ SPS 48 36 Nat Gas Moore, Tx. Jan-92 Refurb/React 80
Cunningham GT 1 25 SPS 25 19  Nat, Gas Lea,NM. Jan-92 Refurb/React 128
Cunningham GT 2 25 SPS 25 “-19 - Nat. Gas Lea,NM. Jan-92 Refurb/React  .278
1995 TOTAL 1,224 : ‘

TOTAL in 1986-95 Plan 14,463

*Year unit first serves the summer peak.



Approximately 4,000 MW of primarily coal aﬁd lignite-fired base load capacity
scheduled in current utility filings has been deferred beyond 1995 in this staff plan as a
result of the lowered demand forecast and somewhat higher contributions anticipated
from cogeneration. Tables 3.2-2, 3.2-3, and 3.2-4 and Figure 3.2-1 summaﬁze the
demand and capacity forecasts for Texas during the 1986-95 period.

As noted in Table 3.2-2, the staff’ s recommended resource plan results in a 22.8 percent
reserve margin in 1995. However, ihexje are 2 number of factors which could potentially
result in lower than planned reserves v'for the State. The South Texas and Comanche Peak
nuclear projects, which represent nearly 30 percent of the scheduled capacity additions
during the 10-year period, may encounter a&ditional construction and licensing problems.
Cogeneration, which represents riearly 30 percent of the éapacity scheduled to be added

during the period, also involves considerable uncertainty.

3.3 Generation Mix

One economic force driving bulk power transactions is the ability of utilities with excess
capacity to. obtain favorable fuel prices relative to other ERCOT members. Since the
marginal fuel source for ERCOT utilities is predominantly natural gas, this fuel is the

primary focus of this section.

A major consideration in determining the investment strategy of the Texas utilities over
the past decade has been the desire to obtain a greater degree of fuel diversification.
Table 3.3-1 and Figure 3.3-1 provides data on statewide historical and projected capacity,
by fuel type. The 1995 capacity mix is calculated from the capacity projections
presented in the previous section. In 1975, with the exception of the TUEC lignite-fueled
generation and a very small amount of hydro power, Texas was almost completely

dependent upon natural gas and oil. As a result of rising energy prices and associated

3-12 | Configuration of the Electric Power Industry in Texas

N Lt - ~ .
=) . g

~—

; . 5 . y
i f ! .



o TABLE 3.2-2
S
°=° State of Texas
S Capacnty and Reserve Reqmremems, 1986-95
g (MW)
o .
] Net Unadjusted Conserv/ Firm - Reserve Low Base High
3 System Peak  Inter- Load Peak Net  Margin Case Case  Case
ty Year Capacity Demand ruptible  Mgmt Demand = Reserve (%) Excess Excess Excess
& : - . v
2 1986 57439 48,050 991 209 46,381 11,058 23.8 4,101 1,782 -537
% 1987 58,656 49,693 1,035 369 47,806 10,850 227 3,679 1,289 -1,102
8 1988 61,651 51,012 723 1,182 48,615 13,036 26.8 5,744 3,313 882
‘ E 1989 64,173 52,266 660 2,004 49,106 15,067 30.7 7,701 5,246 2,791
§ 1990 64,774 53,235 602 2,824 49310 15464 314 8,068 5,602 3,137
= 1991 65,043 54,828 638 3,623 50,061 14982 . 299 7,473 4,970 2,467
S - ,
3 1992 65,962 56,891 653 4,421 51,299 14,663 . 286 6,968 4,403 1,838
E : 1993 68,247 59,277 668 5,220 52,855 15392 29.1 7464 - 43821 2,178
- 1994 68,959 61,847 683 6,017 54,596 14,363 26.3 6,174 3,444 714
1995 69,334 64,560 698 6,816 56,476 12,858 228 4,387 1,563 -1,261

Notes: 1) Net System Capacity equals installed capacity plus ﬁrm purchases, minus ﬁrm sales, plus cogeneration purchases,

plus supply side altematives.

2) Unadjusted peak demand forecasts include interruptible loads and exclude potential conservation and load manage-
ment impacts.

3) Firm peak demand equals unadjusted peak demand minus mtermptlble loads, minus conservation and load management
impacts, and includes a one percent diversity factor,

4) Net reserve equals net system capacity minus firm peak demand. ‘

5) Reserve margin equals net reserve divided by firm demand, multiplied by 100.

6) Low case excess equals net system capacity minus firm demand multiplied by 1.15.

7) Base case excess equals net system capacity minus firm demand multiplied by 1.20.

8) High case excess equals net system capacity minus firn demand multiplied by 1.25.
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kKt TABLE 3.2-3
'Y
State of Texas
Net System Capacity, 1986-95
MW) ,
- Supply ‘ Net
- Installed Planned Planned Firm Firm Firm Side System
Year ~ Capacity Added ‘Retired ~ Purchases "~ Sales Cogeneration  Alternatives Capacity
1986 53,804 1,375 784 3,224 1,250 1,617 . 44 - 57,439
1987 54,962 1,477 319 2,786 1,472 2,254 125 58,656
1988 - 58,053 3,168 77 2,075 805 2,136 192 | 61,651
1989 © 60,428 2,420 145 2,101 817 2,236 224 64,173
1990 61,019 806 115 1,993 799 2,336 224 64,774
1991 60,708 906 467 2,105 842 2,848 224 " 65,043
1992 61,022 1,086 772 2,078 710 3,348 - 224 65,962
1993 . 62,825 1,056 103 2,171 721 3,748 , 224 68,247
1994 . 63,144 1,189 470 . 2419 676 - 3,848 224 68,959

1995 63,125 1,288 493 2,391 ’ 634 4,228 224 69,334

Notes: 1) Planned additions and retirements are conventional generating plants.
2) Firm purchases and sales include intrastate and interstate transactions between utilities, pursuant to
firm power contracts. :
3) Firm cogeneration includes capacity purchased from cogenerators pursuant to a firm power contract.
4) Supply side alternatives include capacity additions from efficiency improvements and renewable energy sources.
5) Net system capacity equals installed capacity plus firm purchases, minus firm sales, plus firm cogeneration
purchases, plus supply side alternatives. '
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- TABLE 3.2-4

S‘iate of Texas: Installed Capacity, 1986-95
MW)

‘ ; ' , Hydro/  Installed
Year 'Gas/Oil - Coal  Lignite  Nuclear Other Capacity’
1986 37313 7852 1872 - 489 278 53,804
1987 - 37,108 8326 8,592 649 287 54,962
1988 37,228 8319 8992 3209 304 58,053
1989 37183 8319 8992 5,609 34 60428
1990 37783 8319 8992 5609 360 61,019
1991 37,217 8,3_19 9,148 5,609 360 60,708
1992 36679 8319 10054 5609 360 61,022
1993 36676 8319 11860 5,609 360 62,825
1994 36439 8319 12416 5609 360 63,144
1995 36020 8719 12416 5609 360 63,125
Configuration of the Electric Power Industry in Texas
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Figure 3.2-1 Installed Generating Capacity in The State of Texas between 1986 - 1995.
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" TABLE 3.3-1

Texas Historical and ProJected Capacity and Energy Share by Fuel Type

(Percent)
1975* 1985+ 1995+

Ful  Capacity Energy Capacity Energy Capacity  Ener
GAS 94.8 89.6 69.0 552 530 36.7
OLL 03 15 0.3 02 0.1 0.4
COAL 0.3 0.3 156 . 242 16.1 21.5
LIGNITE 41 79 116 194 196 305
HYDRO 0.5 0.5 05 03 0.5 0.2
NUCLEAR 0.0 0.0 00 00 7.4 10.4
OTHER 0.0 0.1 30 0.9 33 0.3

*Derived from Long-Term Electric Peak Demand and Capaclty Resource Forecast for Texas,
1986, Tables L.C.1,1.C.2, and LC3.

Configuration of the Electric Power Industry in Texas
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federal and state mandates to inhibit construction of base load gas and oil-fueled

generation, Texas opted for a more diversified generation mix investment strategy.

From 1975 to 1985, lignite and coal generating capacity increased from less than 5

- percent of total system: capacity to more than 27 percent. Total statewide energy

produced from these resources increased even morb dramatically, from about § percent to
more than 43 percent. Over the same ten-year period gas and oil capécity vfell yfr'oni 95
percent to less than 70 percent of total system capacity while their share of energy
production fell from about 90 pet'ceiﬁ to 55 percent. As gas and oil prices accelerated
rapidly during theilateji'970s and early 1980s, the decision to switch to lignite, coal, and
nuclear seemed a Wise one. The "other" category, shown in Figure 3.3-1, accounted for
some 3 percent of statewide generation in 1985. This category is comprised mainly of

cogeneration and small power producers.

) Many of the utilities within Texas, as their previous contractual obligations expired, have

been making the majority of their natural gas purchases in the short-term, interruptible,
spot market. In fact, a substantial number of docketed fuel cases that have come before
the Commission a few years after natural gas deregulation have been to reduce the
portion of Texas ratepayers bills associated with fuel charges. But price declines for such
a valuable resource are not likely to continue. An important question that utility fuel
procurement policies must address is when to leave the relatively inexpensive spot
market and secure fuel supply arrangements in which a premium must be paid for

reliability. Fuel procured in the spot market does not provide this long-term reliability of

supply.

Conﬁguratibn of the Electric Power Industry in Texas 3-19



3.4 Cogeneration

Cogeneration is a highly efficient means of uﬁhziné the State’s natural gas resources. A
275 MW cogeneration project typical of those on the Gulf Coast generates electric power
at an equivalent heat rate of 7,645 BTU/KWH!. This equivalent heat rate is known as
the fuel chargeable to power and is obtained by subtracting the amount of fuel required to
produce process heat in a typical industrial boiler from the firing rate of the cogeneration
system. The overall thermal efficiency of the cogeneration project in this reference is
55.7%. In comparison, the same amount of electric energy and process heat could be
produced by a utility power station operating at a héat rate of 10,000 BTU/KWH and an
industrial boiler operating at an efficiency of 85% resulting in an overall thermal
efficiency of 45.6%.

As of February, 1987, Texas had 4,116 MW of existing cogenération capacity with 1,183
MW under construction and 3,048 MW being proposed over the next two years2. Less
than half of the existing capacity is sold under long-term, firm contracts with capacity as
well as energy payments. The remainder is either under short-term, firm contracts with
TUEC or is sold on an as-available basis. Another estimate projects total cogeneration

technical potential to be about 17,500 MW.3

One major aspect of this study is an assessment of the amount of cogeneration which

may be efficiently integrated into the Texas interconnected system over the next few

1Kepner, John, Joe King and Tom Edmunds, PUCT Working Paper No. 85-2,
Cogeneration Development in Texas: Problems and Issues, Texas Public Utility
Commission, November, 1985.

2See Cogeneration Database, February, 1987 in Appendix E for details.

3B aughman, M., et.al., Cogeneration in Texas, Center for Energy Studies, University of
Texas, November, 1986.
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years. Cogeneration is likely to be beneficial to the ratepayers if it is available at a cost
less than the cost of utility-constructed units and its presence in the system does not cause
technical problems -- transmission reliability and generatlon schedulmg -- to the utilities.

Because of data limitations, the uncertain outcome of currently docketed issues, and the

uncertain potential for future development, treatment of cogeneration in this study is

limited to capturing known and reasonably predictable "firm" cogeneration (as opposed

to non-firm, or as-available) arrangements.

In this study, a complete economic evaluation of the cogeneration alternative is not made.
An economic evaluation of the cogeneration alternative would involve a comparison of
all payments made to cogenerators with the fixed and vaxiab1¢ costs of planned utility
generating facilities. This type of analysis is not included in the report because the

MAPS/MWFLOW program does not model fixed costs; the program simply minimizes

‘fuel and other variable costs given available generation capacity. Thus, the issue of how

much cogeneration should be purchased and at what price is not addressed. |

While the Avoided Cost dockets provide the cogeneration community with the cost of the
avoided unit, this cost represents only a ceiling price. Not surprisingly, the prices paid to
cogenerators for capacity have, in every case subsequent to the avoided cost dockets,
been less than previous estimates of full avoided costs. Rather than attempting to
determine how much cogeneration might be available under different avoided cost
scenarios, this study assumes various amounts of cogenerated power are available to the

interconnected system and analyzes the alternative results derived from the model.

Cogeneration involves the sequential production of two products, typically electric power
and useful thermal energy. The ability to use thermal energy that is considered as waste
in conventional electricity generation results in a very high thermal efficiency for

cogeneration. Because of the proprietary nature of manufacturing processes, the

Configuration of the Electric Power Industry in Texas . 3-21



technical information for cogeneration plants is not made available to the public, and the
true characteristics that reflect the high thermal efficiency of cogeneration cannot be
captured. Instead, this study develops projections of energy payment streams under three
of the four firm cogeneration contracts currcntlywinkplace for HL&P. These payment
stream projections reflect only the value of cogenerated power from the perspective of
the utilities (as well as consumers) ‘and not the actual production cost of cogenerated
electricity. Value, in this instance, should capture the costs that a utility would probably
have incurred had the cogenerated power not been available. An example of these
energy payment calculations is provided in Chapter 4. These calculations include
variable operation and mé.intcnance costs as well as fuel costs which are based on both
lignite and natural gas. This type of lignite/gas payment stream was developed because,
while the majority of the utility production 'being avoided is likely to be coal or lignite
fueled, cogenerators have demonstrated substantially higher availability rates and may

thus receive a premium if they should perform better than the capacity they replace.

Another major limitation of the study with regard to \cogeneration is the narrow scope of
the reliability issues examined. The reliability issues can be separated into two classes:
those issues that relate to the cogenerator’s incentives to provide power, and those issues
that relate to the ability of the ERCOT transmission system to transmit cogenerated

power from seller to buyer.

The first class of reliability issues arises from the fact that most cogenerators operate .

natural gas-fired facilities. In the past, natural gas has had very volatile prices. In the
face of high and rapidly escalating natural gas prices, the incentives for cogeneration may
change. One school of thought is that cogenerators will reap additional economic
rewérds in an environment of high gas prices. This is based upon the observation that

cogeneration is an efficient means of utilizing natural gas. Thus, in an environment of

3-22 Configuration of the Electric Power Industry in Texas
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high natural gas prices, cogenerators will enjoy a cost advantage relative to

noncogenerating Competitors.

An opposing viewpoint is that cogenerators will breach contracts with utilities if gas
prices are too high. Since energy payments to cogenerators generally follow lignite

prices more closely than gas prices, the cogenerator’s variable costs may exceed

- revenues. Under these circumstances, the cogenerator’s short-term- incentive will be to

halt production.

A key factor in determining which of these two events is more likely, is how an increase
in natural gas prices will affect the price of those products produced by cogenerators. If
the prodﬁct price increases in tandem with rising gas prices, then revenue will continue to
exceed variable cost and the incentive to cogenerate remains. On the other hand, if the
product price remains stable or decreases, then revenue will fall below variable cost and
the cogenerator’s incentive to continue production will be eliminated. Since the
Commission'doe.s not have access to information regarding the internal economics of

cogeneration projects, this class of reliability issues is not addressed.

With regard to the second class of reliability issues, the study examines the capability of
the bulk power transmission system to move cogenerated power from the Gulf Coast
region, where it is abundant, to inland areas where capacity is needed. However, the
limited computer resources allow only a small number of transmission lines to be
monitored for possible overload conditions. Therefore, the study results should be
viewed as general indications of the practicality of transmitting cogenerated power, rather

than a rigorous transfer limitation study.

Transmission feasibility is a signiﬁéant problem in Texas because the vast majority of

cogenerated power is expected to be located along the Gulf Coast, in the HL&P service

Configuration of the Electric Power Industry in Texas - 3-23



territory. HL&P, however, currently indicates that it cannot commit to purchase
additional firm cogenerated power until the mid-1990s. The problem to be addressed
now concerns whether this energy, which may represent the cheapest alternative
available (see Table 3.4-1), can be transmitted to the regions of Texas where it is most

needed.

ERCOT “contends that the bulk power transmissidn system is reaching its maximum
capability to carry flows of power without risking the collapse of the entire system. The
feasibility of transferring cogenerated power when transmission constraints are binding
depends upon the degree of scheduling control the utility has over the operations of the
cogeneration facility. In this report, this control is referred to as the degree of
"dispatchability” (meaning in this context, the ability to control generation into the
interconnected system in either an upward or downward direction) that the cogenerator
grants to the host utility (the utility in the service area in which the cogenerator resides),
although control may also be given to the receiving utility. Dispatchability may vary
from no control over the cogenerator to a requirement that the cogenerator be "load
following" -- treated just as another generating unit on the utility’s system. The tendency
to date is something between the two extremes where cogenerators offer a limited degree

of control over the operations of their facilities.

Dispatchability is required by the utilities because, if operational problems arise, the host
or receiving utility must have the capability to adjust the generation levels of the
cogenerators, just as it does with its own generating units. Generally, the maximum
amount that a cogeneration facility can be relied upon to reduce its output into the
interconnected system is determined by two sets of constraints. Oné set refers to the
thermal and electrical energy requirements of the cogenerator. The second set refers to

the operational requirements of the utilities, which are affected by the transfer of the
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TABLE 34-1
Cogeneration and Conventional Power Plant Cost Comparison
Capacity Cépacity Energy Total

Contract/Plant Type Cost Cost Cost Cost
- Utility (3/KW/year) (¢/KWH) (¢/KWH) (¢/KWH)

1988 Cogen Cost:

HL&P Avoided Cost 159 2.1 32 53
- HL&P - Cogenl 204 - 2.7 3.2 5.9*
HL&P Cogen2 112 1.5 3.2 4.7
HL&P Cogen3 59 0.8 3.2 4.0
TUEC Avoided Cost 154 21 23 44
TUEC Cogenl 60 0.8 33 4.1
TNP. Avoided Cost 131 1.8 2.1 4.1
1988 Utility Plant Cost:
GSU River Bend 933 - 152 1.3 16.5
HL&P - STNP 1- 684 11.2 1.0 12.1
EPEC Palo Verde 546 8.9 08 9.8
TUEC Comanche Peak 1 = 505 8.2 0.6 8.8
HL&P Limestone 2 266 43 25 6.8
WTU - Oklaunion 161 2.6 2.1 4.7
SPS Tolk 2 125 2.0 2.1 4.1
*Signed before avoided cost rate determination
Notes: . 1) Details of most Cogen Contracts are proprietary.
2) Only the utilities shown have avoided capacity costs prior to 1990.
3) Cogen capacity costs (¢/KWH) based on an 85% capacity factor.
4) Plant capacity costs based on a 22% fixed charge rate and 70% capacity factor.
5) Plant energy cost based on previous PUCT staff estimated fuel costs.
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- cogenerated power. In general, these constraints must permit the affected utilities to
operate thei\rlsystems in a reliable manner. In particular, the utility should have sufficient
scheduling control over the operation of the cogeneration facility to avoid system control
problems under varying load conditions. In this study no cogeneration dispatchability is
assumed. Cogeneration plants are assumed to operate at»predetennined fixed output

levels.

In addition to direct sales, some cogenerators have expressed interest in participating in

the ERCOT energy broker, particularly if the transmission is strengthened to handle a

higher level of bulk power transactions. Such arrangements could expand the market for

cogenerated electricity and lead to a more competitive environment among power
producers resulting in more economical electric energy for end users. However, ERCOT
utilities have indicated that there are difficulties in determining whether these types of
arrangements could produce any residual benefits to the ratepayers, citing problems such
as reductions in utility savings, control and scheduling, replacement capacity and energy,
accounting and billing costs, and reduce transmission reserve capacity. At the present
time, it is not possible to assess this possibility due to the lack of technical data from

cogenerators.

3.5 System Coordination in ERCOT

Much of the analysis developed in this study ultimately rests on the capability of the
interconnected system to permit enhanced bulk power transfers. While capability, to a
large extent, is a function of the configuration of the system, and because the
production/consumption of electricity requires the interaction of a large number of

complex variables, more dynamic elements must be considered. Because this project is
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more policy oriented and is broad in scope, operational situations that tend to occur on a

very short-term or infrequent basis are not explicitly considered.

The seven utilities modeled in this study account for more than 25,396 miles of

‘transmission lines at voltage levels greater than 69 KV. . The approxirriate pole miles of

- each class of line are shown on Table 3.5.1. A detailed map of the transmission system

and planned additions can be found at the end of the Chapter. |

In order>to describe how the bulk power- transmission system has been employed in
Texas, the utilities have ‘provided the staff with data on energy sales and purchases which
occurred :among the ERCOT members from January, 1980 through August, 1986. This
data includes both firm and economy power exchanges, as well as transfers necessitated

by equipment failures. Selected portions of this data for 1985 and 1986 are provided in

Table 3.5-2. Table 3.5-3 provides total systém sales for the seven ERCOT utilities

represented in this study fof 1985 and 1986.

ERCOT has established two control centers, in Dallas and Austin, to accommodate
tranéactions and to insure supply reliability. The center in Dallas coordinates the
operations primarily in North ERCOT, while the one in Austin coordinates the operations
primarily in South ERCOT. The function of these control centers is to monitor power
flows across members’ service areas and take appropriate actions to prevent or minimize
the loss of service in an .emergency situation. In the event that one control center is

disabled, the entire functions can be temporarily shifted to the other.

Currently, economy transactions among ERCOT members are made through a bulletin
board and a brokerage system. While the bulletin board system has been in existence for
years, the installation of the brokerage system was just completed in November 1986.

The installation marked the second attempt by ERCOT to use the brokerage system. The
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TABLE 3.5-1

Transmission Line by Voltage
(Approximate Pole Miles -- 1986)

345 KV

138 KV . 69KV Total
COA 210 120 » 8 408
LCRA 199 1,270 600 2,069
CPSB 294 489 9 792
HL&P | 570 1,507 ‘436 2,513
TUEC 2,650 5,208 2,673 10,531
CP&L 253 2,479 1,966 4,698
WTU 145 1,423 2,817 4,385
Total 4,321 12,496 8,579 25,396
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TABLE 3.5-2
Selected Historical Bulk Power Transactions |
| MWH)

Buyer Seller 1985 1986*
HL&P COA 202,579 215,576
"HL&P CPSB 252,055 166,805
EEf HL&P 299,359 164,694
TUEC  Dow 507,649 303,300
TUEC LCRA 171,596

TUEC Lyondell | 733,280
TUEC ~  Texas Gulf 192,147
CP&L C&SW 205,025 685,111
WTU C&SW 1,781,051 993,002
WTU COA 241,154 |
PUB CP&L 374,849

PUB HL&P 190,377
COA EE. 235,504 144,892
*First eight months

tEconomy Energy Supplied to ERCOT

Configuration of the Electric Power Industry in Texas
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- TABLE 3.5-3

3-30

Total System Sales.
MWH)
Utility 1985 1986
TUEC 71,453,760 75,052,830
HL&P 55,311,034 54,332,505
CP&L 14,534,075 15,801,211
WTU 5,389,065 5,165,417
LCRA 6,460,268 7,561,234
CDA 5,284,095 | 5,326,594
CPSB 9,445,539 10,428,670
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- first attempt was made during the early 1980s. At that time the volume of the

transactions was insufficient to make the system useful.

The bulletin board system, handled by the two ERCOT confrol centers, is the simplest
form of coordination among member utilities. It operates on a bidding concept. When a
utility has excess capacity, it can post the quote at the FOB price and the available
capacity on the bulletin board. The FOB price refers to the price at the boundary of theb
seller transmission system. All the member utilities have access to the posting. An

interested member can contact the seller for the posted item and arrange for the shipment

- which may involve paying wheeling charges to affected members.

The transactions fall into two categories: economy A and economy B. Economy A is
short term and fully interruptible. Availability is immediate and may last less than a few
hours; The transaction can be interrupted by any party including those who whéel‘ the
power. Economy B is longer term and firm. The transaction must be arranged in

advance by the affected parties and lasts several hours.

The brokerage system automates the matching between buyers and sellers for greatest
overall savings. In one aspect, this is an approach of power pooling. Each hour,
members will enter "blind" kquotes to buy and sell power. No member will know the
quotes from the others. The brokerage system then matches the highest offer to buy to
the lowest bid to sell. The matching is repeated on the remaining quotes until all possible
matches are made. The member utilities are then notified about the matches so they can

initiate the transactions. No wheeling charges are assessed.

The kind of transfers suggested under the "pool operation” in this study are similar to
those which might occur under the existing brokerage system. While all of the ERCOT

utilities make use of economy transactions under the brokerage system to some degree,
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there is no mention of these transfers in any of the utilities’ resource plans. Econorr;y
transactions are not usually planned; rather, they occur as operational opportunities arise.
In most instances they are anticipated only several hours to a few days in advance. On
the other hand, the types of transactions occurring in the MAPS/MWFLOW model are
planned fr’ansfcrs and are presumably contracted for in .advance. This level of
coordination could evolve through more éxperience with the broker system and future

enhancements based on information gained from its continued operation.

In addition to bulletin board and brokerage systems, other forms of transaction
arrangements exist. Members of ERCOT regularly negotiate between one another and

with cogenerators and small power producers to exchange power.

Under the bulletin board and broker systems, the total amount of energy exchanged was

approximately 1,776 GWH in 1985, 2,296 GWH in 1986, and 3,494 GWH in 1987. In

comparison, 183,000 GWH was generated by ERCOT utilities in 1986. ERCOT expects
the level of transactions to increase considerably in the future under the brokerage

system.

In addition to the bulletin board and brokerage systems, ERCOT has established

numerous committees to develop operating agreements among member utilities. The
ERCOT transmission planning criteria described below are an example of this type of

coordination.

3.6 Transmission System Planning

At the present time there is no regulatory requirement for coordination of individual
utility transmission system plans. Rather, each utility submits an application for line

certification for each transmission line it proposes to construct. This process is described
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o Chapter 4
Reference Case Assumptions and Results

In this chapter, the results of MAPS/MWFLOW simulations are presented along with

appropriate discussions and explanations. These discussions emphasize the comparison

- between "own-load" and "pool" operations under conditions which are characterized as

"diverging" and "converging" natural gas‘prices.A Under own-load operation, utilities are
assumed to operate independently and no attempts are made to import or export energy
on an economy basis. Under pool operation, utilities are assumed to be closely
coordinated and exchange power in such a manner as to globally optimize resource
allocation in the production of electricity. These two modes of 6pcration represent two
extreme cases of possible degrees of coordination among ERCOT members. ERCOT
member utilities currently operate in a semi-autonomous mode, employing bulletin board

and brokerage systems to achieve some coordination of operations.

In earlier drafts of this report, this chapter emphasized only a single fuel price scenario as
a "base case” for each of the study years. However, as a result of the re?iew meetings
held in early December and written comments kwhich were subsequently submitted by
interested parties, the study staff has made several changes which led to the use of two
reference cases for each study year, as well as a change in the study. years to be
emphasized. The first set of changes addresses inconsistencies in the mbdel input data
and the transmission line constraint set.  In particular, the earlier heat rates reported for
most of the TUEC gas-fired generating units were overstated by approximately 5%
relative to the other ERCOT utilities and had to be corrected accordingly. Similarly, a
detailed loadflow analysis (done by COA and LCRA) of the 2,190 different generation
schedules for the 1990 base case results, indicated that many lines not contained in the

constraint set were being loaded beyond their reliability limits at the calculated
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transactions level. The constraint set has since been increased from 96 to 290 lines to
include those identified by the loadflow results. The combined effect of these changes
reduced both the transactionS level and the annual savings by approximétely 5.5% and
12.6%, respectively. The detailed comments from the review process can be found in

Appendix G.

A more significant source of change in the model results depénds on the forecast of the
state of the natural gas market and its effect on utility gas price differentials. When this
study began in 1986, and as late as April, 1987, when forecasts were updated for use in
the "final" model runs, it appeared that the existing natural gas supply surplus would be
d;:plctcd by 1990. In this scenario, there would be a return to "normal” conditions of a
single-tiered long-term contract market in Texas with significant inter-utility price
differentials persisting into the future. By early 1988, at the time this study was expected
to be completed, there were strong indications that the gas surplus had not disappeared
and that the ERCOT uﬁﬁﬁeé are still facing a two-tiered gas market in which short-term
supplies can be acquired at prices much lower than available on long-term contracts.
This short-term gas with low incremental prices uniformly available to the ERCOT
utilities now exists and seems as likely to persist into the future as the higher priced
scenario that was used earlier. As a result, for the forecast years of 1990 and 1995, both
scenarios are‘presented as reference cases which define the potential raﬁge of transactions
and savings. The 1988 case has been dropped, but additional emphasis has been
accorded the historical cases for 1986, where the model inputs are known and the output

can be compared to actual reported data.

It should be emphasized that the model results show only the range of short-term benefits

which may be in the form of potential fuel savings and reduced production costs. At this
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stage of analysis, no suggestions are offered conceming the allocation of potential

savings or mechanisms for passing any benefits on to the consumers of electricity.

The reference cases serve as a basis of comparison for other test scenarios in order to
estimate the sensitivity of the results to changes in relevant parameters. The test
scenarios implemented in the study and discussed in Chapter 5 are associated with
parameters such as the level of cogeneration, demand; ’and fuel prices, which are

expected to affect the volume of bulk power transactions.

For the 1990 and 1995 reference cases, the demand forecasts and capacity expansion
plans provided by the utilities, as of April 1987, are used. PUCT demand forecasts form

the basis of the alternative demand growth sensitivity cases in Chapter 5.

As with any study of thls nature, this report is not intended to providé a single definitive
estimate of the overall savings which may be realized through statewide bulk power
transactions, but rather to establish reasonable boundary coriditiohs. The emphasis of this
report is on examining the opérations of the State’s electric power system under
alternative conditions. In that context, no assessments of potential transactions, potential
savings, or syStem reliability should be considered Without regard to the particular

assumptions under which they are derived.

4.1 Study Procedures

The results reported in this study rely heavily on the mathematical simulaﬁon of ERCOT
system operations. From an engineering standpoint, the process of electricity production
and transmission is well defined. Mathematical models are employed to simulate this
process using known relationships. Such models of the operational behavior of utility

systems have been widely used for several decades.
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4.1.1 Data Sources

Most of the data used for this project fall into two categories: technical data and

forecasts. Technical data are usually obtained from measurements and calculations using

applicable principles of physics and engineering. Examples of this kind of data are heat
rate, MW capacity, and fuel héa; content. Technical data are stable and tend to fluctuate

very little over time.

The forecasts are generally based on historical information that defines empirical
relationships between forecast variables aﬁd those variables which influence them.
Examples include demand forecasts, fuel price projections, and capacity expansion plans.
Sometimes the forecasting problem is complicated by simultaneous interaction among
variables. For example, capacity expansion plans are affected by demand forecasts
which are affected by electricity prices ‘that are affected, invturn, by capacity expansion

plans.

Most of the required technical data were obtained from ERCOT and its member utilities,
athough some minor adjustments were necessary to achieve consistency among utilities.
Capacity expansion plans and deménd forecasts were also provided by ERCOT member
utilities, while additional demand forecasts were developed by the PUCT staff. Fuel
price forecasts were developed by the PUCT staff using historical data, price escalation
rates provided by Data Resources, Inc., or expected prices submitted by the ERCOT

utilities.

4.1.2 Analytical Tools

There are several computer packages available corhmercially and in the public domain

which may be used to model the utility industry at various levels of detail using various
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analytical techniques. Different packages emphasize different aspects of the electric
power generation process, and have different strengths and weaknesses. Tradeoffs must

be made when selecting a package. In this study, emphasis is placed upon examining the

operational behavior of the state’s utilities under different modes of coordination. One of

the critical factors in studying the effects of coordination is the shipment of bulk power
over a transmission network. The ability to model the constraints of the transmission

system is a required feature for the computer package.

The computer package selected for this study is the Multi-Area Production Simulation

with Megawatt Flow (MAPS/MWFLOW) computer program d’eveioped by General

* Electric (GE). This linear programming based optimization package simulates the supply

side of the electric utility industry and searches for an operational configuration which .
will meet electricity demand at the lowest possible cost without exceeding physical or

reliability limits imposed upon the system. MAPS/MWFLOW was selected because it -

-allows the user to. model the transmission system and its interaction with the unit

commitment and economic dispatch procedures. A complete discussion of the
MAPS/MWFLOW program, its underlying methodology, and its strengths and

weaknesses is included in Appendix A.

4.1.3 Model of Utility Systems in ERCOT

Seven major utilities whose service areas are within ERCOT are explicitly modeled.

These utilities are:

City of Austin (COA)
Lower Colorado River Authority (LCRA)

“City Pﬁblic Service Board of San Antonio (CPSB)
Texas Utilities Electric Company (TUEC)
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Houston Lighting & Power (HL&P)
Central Power & Light (CP&L)
West Texas Utilities (WTU)

Together, they own more than 95 percent of the generating facilities and nearly all of the
bulk power transmission lines in ERCOT. As requested by Central & South West
Company (C&SW), CP&L and WTU are treated as a tight power pool under the name of
their parent holding company. The four major interstate generating utilities in Texas are

only weakly connected to the ERCOT system and are not explicitly included in‘the study.

4.1.4 Power Pooling and Bulk Power Transactions

During the course of this study, some concerns were raised that the focus of the study
would be shifted to formal power pooling arrangements under which utilities in ERCOT
would be centrally dispatched. Although bulk power transactions are related to power
pooling in the generic sense, the implication should not be drawn that the results shown
in this study would require such centralization and cbntrol. In fact, as discussed

throughout this report, quite the contrary is true.

The term power pooling as used in this study refers to the coordination of system
operation of interconnected utilities for reliability and/or economic purposes. There are
different types of power pooling or degrees of coordination running the spectrum from
"loose" to "tight" power pools. The ERCOT system is closer to being a "loose" power
pool, where voluntary coordination is mainly for reliability purposes. A "tight” power
pool is an interconnected system where generation capacity is centrally scheduled and
dispatched without regard to ownership, and transmission lines are treated as purely

common facilities for the use of the pool.
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Historically, power pooling has been an evolutionary process. Once utilities are
interconnected they tend to look for ways in which to improve their use of resources,
ranging from sharing reserves to exchanging power to lower production costs. When

opportunities arise to take advantage of available and more economical capacity,

transactions will take place and many factors may cause these transactions to grow over

time. More transactions require more complex coordinating procedures to be developed.
Several utilities in the Northeast, whefe the systems are close together, have ultimately
evolved into centrally dispatched Systems to achievé maximum overall cost savings.
HoWever, others such as the Florida Electric Power Coordinating Group (FCG) use a

brokerage system to facilitate power 'pooling.v A similar system was initiated in ERCOT

* in November, 1986. The various forms of power pooling are mechanisms to facilitate

bulk power transactions which minimize systemwide production costs. Although other
mechanisms such as bilateral agreements and joint ownership are also dsed, they are not
likely to yield minimum systemwide costs because they do not consider the entire

interconnected system.

From a technical standpoint, a transaction cén be initiated when at least three conditions
are present: available generating capacity, price differehtials, émd available transmission
capacity. While the central dispatch approach includes these factors in the process, the
brokering approach analyzes the price differentials and available capac‘ityA from
information supplied by participating utilities. The central dispatch approach, which is
complex and costly to implement and maintain, may be suitable for systems that are
closely connected and have a largé volume of transactions. The brokering approach is
simpler to develop and more suitable for dispersed systemS wiih a lesser volume of
transactions. Despite the obvious differences, both approaches can attain the same

objective of minimizing overall system oi;era‘ting COSts..
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4.1.5 Operational Assumptions

The results from MAPS/MWFLOW runs, among other things, show a comparison
between operation of pool members as isolated systems and operation as an integrated

system.

When modeled as isolated systems, the individual systems are assumed to be independent
so that each system schedules its generation to satisfy its own load. The net flow of
energy across any boundary between two systems is always equal to zero and each

system is assumed to maintain a minimum spinning reserve of 10 percent.

When modeled as an integrated system, the six systems are assumed to operate as though
there exists a strong coordination among the system operators to create the most efficient
operation of the entire pool. Theoretically, this means that the selection of a certain
available generating unit is based on the economy of the pool, not just the company that
owns it. As discussed earlier there are different pooling mechanisms to bring about this

type of coordination.

In the reférence case, it is assumed that there exists close coordination during unit
commitment and economic dispatch only. The scheduling of maintenance is done
independently by individual members of the pool without consulting one another while
the spmmng reserve of the pool is set at 10 percent to maintain the same level as the
isolated operation. Since the global unit commitment ignores the spinning reserve
- requirements of individual members, it may result in units being underc’ommitted in one

region while being overcommitted in another, thereby forcing the undercommitted region

to rely on uninterruptible imported energy from other members. Therefore, some of the

transactions which occur in the reference case are considered as firm transactions.
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The 1imitations of MAPS/MW FLOW prohibit a corripletely accurate presentation of the
ERCOT spinning reserve setting. ERCOT mernBer utilities are grouped into north and
south geographic regions. The major generating utilities in' north ERCOT are WTU and
TUEC, while those in south ERCOT are HL&P, COA, CPSB, LCRA, and CP&L.
According to ERCOT operating guidelines, each groﬁp is required tb maintain a kspinning
reserve during operation at least equal to thé \largest unit on line plﬁs 100 MW. This
spinning reserve requiremént is then 'all‘ocated among thé members according to their si_zé
and cépacity configuration. Most utilities maintain a spinning reserve slightly higher

than that required by ERCOT.

Because of existing contractuai arrangements, fuel requirements, or voltage support

needs, several generating units in the data base have must-run status. Such units, as

identified vby the individual utilities, generate some electricity regardless of their

economic merit. Most of these units are located in the HL&P area. ’In thé study, these .

units are initially committed to run at their tmmmum éapacity sections. The utilization of
‘

capacity sections above the minimum of the must-run units are then based on their

economic merit.

Note that the use of the word "pool” in the remainder of this report refers to additional
coordination to allow the “economical operation of the ERCOT members. This meaning
differs somewhat from the current pooling arrangement in ERCOT which focuses mainly

on reliability.

4.1.6 Cogeneration

Cogenerators are typically classified into two groups: nonfirm and firm. Nonfirm
cogenerators sell energy to utilities on an as-available basis. There is no obligation for

these cogenerators to maintain output, and utilities are bound by law to buy all energy
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delivered at an avoided cost rate. The avoided cost calculation is based on the
contribution to fuel savings, which depends on the timing and duration of energy injected

into the system by the cogenerators.

Currently, the amount of nonfirm cogeneration is relaﬁVely small. Utilities recognize
only firm cogeneration in their resource planning, and this study addresses only firm
cogeneration. In subsequent discussions, all references to cogeneration refer only to firm

cogeneration.

Firm cogenerators sign contracts with the utilities to provide both capacity and energy.
The duration of a contract generally ranges from two to ten years. The energy payment is
projected over the range of the contract based on the capacity mix to be displaced. The
contractual obligation defines payment for cogenerated energy and capacity based upon
the assumption that the iltﬂity can avoid building a new unit it needs for future demand

during the contract period.

Since the transmission system representation of MAPS/MWFLOW can recognize the

location of any generating unit, the location of cogenerators is modeled explicitly. For

example, the location of a cogenerator can be in the service area of a utility other than the
one with which it has a contract. This allows for the modeling of cogeneration contracts

which involve wheeling.

Some utilities, such as HL&P, treat energy from éogenerétion as - "prescheduled”
generation similar to hydro. Available energy from most cogenerators is relatively
constant throughout a given year which means it is utiliied as base-load generation. In
this study, all cogenerating units have been assigned a must-run status to ensure

continuous output. The availability factors are then adjusted to yield the expected output.
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In the reference case, production costs of cogenerating units do not have any impact on
savings because the must-run status forces the output from cogeneration to be identical

under both own-load and pool operations.

Under the 1990 reference case scenario, HL&P and TUEC purchasc' power from
cogenerators in accordance with the contracts listed in Table 4.1-1. Forecasts of energy
payments to cogenerators are based upon terms in these existing power contracts, which
specify two general methodologies for calculating energy payments. It should be noted
that éapacity payments to cogenerators are not included in these calculations. HL&P
employs one method fof calculation of energy ﬁaytnents while TUEC takes a different
approach.

Contracts between HL&P and cogenerators involve an obligation on behalf of the
cogenerator to provide capacity as well as energy. This allows the utility to avoid
constructing the next unit in its generation expansioxi plan, typically a lignite-fired unit.
Since a lignite-fired umt is displaced, firm power contracts compensate the cogenerator at
an energy price which reflects the cost of operating a lignite-fired unit, with a premium
based upon the cost of natural gas-fired generation. This premium is paid to the
cogenerator only if the energy generated exceeds the energy that would have been
generated by the lignite unit that the cogenerator displaces. A typical energy payment

calculation for a firm poWer contract in which the cogenerator earns this premium is as

follows:
Pg = PL+Pg
where
Pg = total payment for cogenerated energy ($/MWH)
P, = payment for lignite displacement ($/MWH)
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TABLE 4.1-1
Cogeneration Projects

MAPS Capacity Purchasing Contract

Project Ref MW) Utility Duration
Occidental Chem. Cogen 1 225 HL&P 1984-93
Dow Chem. Cogen 2 325 HL&P 1985-94
Bayou Cogen Cogen 3 270 HL&P 1985-94
Applied Energy Ser. Cogen S 25 HL&P 1986-96
Misc. Cogen Cogen 10 396 HL&P -
Dow Chem. DWCOG 350 TUEC 1986-88
Texas Gulf Chem. TGCOG 70 TUEC 1986-95
Cogen Lyondell LYCOG 400 TUEC 1986-88
Enron 1 NOCOG 393 TUEC 1987-99
Wichita Falls WFCOG 75 TUEC 1987-97
Falcon Seaboard BSCOG 200 TUEC 1987-2000
Short Term Cogen SHTCOG 100 TUEC 1987-89
Unspecified CG89 306 TUEC 1989-97
" CG93 300 TUEC 1993-97

" CGI1 306 TUEC 1991-97

" CG92 300 TUEC 1992-97

" CG9%4 200 TUEC 1994-97

" CG95 200 TUEC 1995-97

TOTAL 4441 -
4-12 Reference Case Assumptions and Results
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P, = payment for gas displacement as a result of the high availability of
| éogenerated energy ($/MWH)

P, and Pg are calculated from the following formulas.

o= GRHLMY

(Cog - CL) (FgHG + M)
G

Pg

where
C. = capacity factor for the lignite unit had ’it not been diéplaced (percent)
Cce = capacity factor for the cogenerator’s unit (percent)
F. = fuel cost for the displaced ylignite unit ($/MMBTU)
H. = heatrate for the displaced lignite unit MMBTU/MWH)
AML = operation and maintenance costs for the displaced lignite unit ($/MWH)
Fc = system incremental gas price ($/MMBTU)
Hg = system incremental heat rate for gas units (MMBTU/MWH)
Mg = system incremental operation and maintenance costs for gas units

($/MWH)

In contrast, TUEC considers its marginal capacity and energy source to be HL&P’s
system. For this reason, TUEC utilizes HL&P’s incremental energy costs in its energy

payment calculations.

Reference Case Assumptions and Results 4-13



Since all of the éogeneration_ contracts which are in effect for 1990 expire prior to 1995,
the 1995 cogeneration energy payments for both HL&P and TUEC are estimated using
the HL&P methodology. Purchase quantities are taken from individual utility resource

plans.

4.1.7 Fuel Price Assumptions

A critical variable for both utility and non-utility generators in Texas is the volatility of
fuel markets. While the "energy crisis" of the 1970s and early 1980s has -- at least for
the time being -- abated, electricity producers remain concerned about the potential for a
resurgence of fuel cost increases during the next several years. However, even with these
expectations, much of the natural gas currently purchased by the utilities, except in the
case of TUEC, is predominantly from the short-term (one month to one year) market. In
several instances (HL&P, LCRA, and COA), the entire utility system gas requirements
are satisfied by the short-term market. This situation is presumably appropriate today,
but potentially could create problems if the markets tighten up before more secure long-
term supplies can be arranged. Because of this fundamental uncertainty about the future
structure of the gas market, two reference cases are developed for each study year. One
of these cases 'is based on the return to a single-tiered, long-term market with "diverging"
prices while the other is based on the continuance of the current two-tiered, short-term

market with "converging" incremental prices for all of the ERCOT utilities.

Natural gas prices, which have exhibited substantial swings during the past several years,
along with a variety of legislative/regulatory changes, have encouraged utilities to
diversify away from natural gas-fired base load generating units. Utilities have opted
instead to construct predominantly coal, lignite, and nuclear fueled generation. Along

with this fuel mix diversification, utilities have also been required to purchase power

4-14 Reference Case Assumptions and Results



from facilities which qualify as cogenerators or small power producers accordirig to state
and federal statutes. Most cogenerators employ natural gas as their primary fuel, but
with a greater overall cfﬁcieﬁcy as a result of the sequential production of electric and
thermal outputs. The existence and'potential for such qualified cogenerators seems
sufficient to promote continued use of this fuel source. The combined result of all of

these changes is a more diversified mix of capacity for ERCOT and the State.

The diverging fuel price forecasts used in this study begin with prices based on existing
contracts as of the beginning of 1987 from information supplied by the participating
ERCOT utilities. The projections for the study periods are derived by applying the rates
of change obtained from the Winter, 1986-87, DRI Energy Review and applied to the
starting prices. In the diverging reference case for TUEC, HL&P, COA, and CPSB, the
fuel prices used in the model represent each individual utility’s average cost of fuel by
fuel type, while the prices used for LCRA, CP&L, and WTU are based on individual
supply contracts for plants served by different suppliers. These forecasts are shown in -
Table 4.1-2. The converging fuel price forecasts which produce a uniformly low price
for each of the utilitics were submitted by ERCOT in early 1988, and are shown in Table

4.1-3. Alternative fuel price projections and their effects are discussed in Chapter 5.

4.1.8 Demand characteristics

The generation reqﬁirements for the seven modeled utilities in 1990 are shown in Figures
4.1-1 through 4.1-7 by biweekly interval. These patterns, which represent load plus loss
within the utilities’ own service areas, are derived by thei MAPé/MWFLOW program
from 1985 historical hourly load data. The patterns for 1986 and 1995 are simﬂar to
those‘ in 1990 because they are also derived from the same historical data.
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TABLE 4.1-2
Projected Fuel Prices: Diverging Gas Prices
($/MMBTU)
Gas Coal Lignite - Nuclear
COA 1990 2.58 2.03 N/A , 0.62
1995 4.22 2.79 N/A 0.86
LCRA 1990 . 2.29-2.34 2.03-2.07 2.07 N/A
1995 3.74-3.83 2.72-2.75 2.07 N/A
CPSB 1990 3.18 2.07 N/A 0.51-0.57
1995 4.84 276 N/A 0.86
HL&P 1990 2.15 235 1.50-2.02 : 0.71
1995 3.52 3.13 1.89 0.86
TUEC 1990 3.15-3.95 3.27-3.97 1.09-1.50 0.34-0.62
1995 * 5.15 3.27-3.97 148 0.86
CP&L 1990 2.39-3.43 2.44 N/A 0.71-0.91
1995 3.82-5.61. 3.18 N/A 0.86
WTU 1990 2.22-3.44 2.11 N/A N/A
1995 3.85-5.13 285 N/A N/A
N/A - not applicable |
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TABLE 4.1-3

Reference Case Assumptions and Results |

Projected Fuel Prices: Converging Gas Prices
($/MMBTU)

Gas ~ Coal ‘Lignite Nuclear
COA 1990 246 2.03 N/A 0.62
1995 3.78 2.79 N/A 0.86
LCRA 1990 246 2.03-2.07 2.07 N/A
1995 3.78 2.72-2.75 2.07 N/A
CPSB 1990 2.46 2.07 N/A 0.51-0.57
1995 3.78 2.76 N/A 0.86
HL&P 1990 246 235 1.50-2.02 0.71
1995 3.78 3.13 | 1.89 0.86
"TUEC 1990 246 3.27-3.97 1.09-1.50 0.34-0.62
1995 3.78 3.27-3.97 1.48 0.86
CP&L 1990 2.46 244 N/A 0.71-0.91
1995 3.78 3.18 N/A 0.86
WTU 1990 2.46 2.11 N/A N/A
1995 3.78 2.85 N/A N/A

N/A -- not applicable
4-17
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The general shapes of the graphs are similar. The generation requirements of all utilities
peak during the summer between intervals 13 through 19.: The exact interval in which
the annual peak occurs varies from company to company but the demand stays
approximately the same during these intervals. Low demand occurs during the spring

between intervals 5 through 8 and during the fall between intervals 22 through 24.

Figures 4.1-8 through 4.1-14 show the biweekly peak and valley megawatt loads for the
seven utilities. These figures are derived frorh the same historical data as Figures 4.1-1
through 4.1-7. While Figures 4.;1;1 through 4.1-7 show the amount of energy that needs
to be delivered, Figures 4.1-8 through 4.1-14 show the capacity resources needed to

produce that energy.

The peak load is the highest load in the interval, and the valley load is the lowest load in
the interval. The interval peak usually occurs in the weekday afternoon while the interval
valley usually occurs during the weekend night. The valley load represents that part of
demand that is less weather sensitive, such as lighting and some industrial activities. The
peak load is associated with weather and residential and commercial activities. The

difference between peak and valley load indicates the swing in load during the biweekly

~ period. Seasonally, both peak and valley load reach the highest point during summer and

are the lowest during spring and fall. This characteristic is typical in Texas and other
sunbelt states where air conditioning systems are needed to control the indoor climate.
The win;er load falls somewhere between the summer and spring/fall load although
LCRA is an exception. The peak load for LCRA during the winter is approximately the
same as peak load during summer. Although the valley load is also higher during the
summer and winter than during the spring and fall, it does not fluctuate as much as the

peak load.
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Both generation requirements graphs in Figures 4.1-1 through 4.1-7 and peak and valley
load demand graphs in Figures 4.1-8 throiigh 4.1-14 show that even though the demand
follows the same trend for all the utilities, the interval-to-interval fluctuations differ
among utilities. For examplé, between intervals 6 and 8, the peak load of TUEC is
decreasing while the peak load of HL&P is increasing. .Alihough not shown in the
figures, similar situations also occur on a daily or even hourly basis. The load variations

make it impossible for all the utilities to operate at the same efficiency at all times

‘although they can average about the same annually. At any instant, some utilities will

have higher while others will have lower than average marginal costs for the entire

system.

4.1.9 Capacity Reserves

Tables 4.1-4 thrbugh 4.1-15 (six tables for each forecast study year) show the capacity
reserves by interval for the seven utilities during 1990 and 1995 as calculated by the
MAPS/MWFLOW software.  WTU and CPL are reported as a single company under
C&SW which is the name of their holding company.

The tables show installed capacities and system reserves versus modified peaks for each

biweekly interval. Modified peaks are peak loads which are reduced by subtracting the

generation from pondage units which have prescheduled output. The installed capacities
shown in the tables reflect only thermal units over which operators are assumed to have

full control during economic dispatch.

The peak load column provides some indications of the characteristics of demand.
Except for LCRA, all of the systems’ annual peak demands are summer peaks. In
LCRA, winter and summer peaks are about equal and occur in intervals 2 and 18,

respectively. LCRA has been experiencing high peak demand during winter and is
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TABLE 4.1-4
1990 Peak Demand and Reserve Capacity by Biweekly Interval:
City of Austin
, ‘ Expected
Biweekly Peak Installed Scheduled Operating Forced Expected
Interval  Load* Capacity*  Outage Reserve Outage  Reserve
- (MW) (MW) MW) (%) MW) (%)
1 911.6 2541.0 147.0 162.6 218.0 138.7
2 1071.0 2541.0 146.9 123.5 400.0 86.2
3 849.6 2541.0 5100 139.0 11.1 137.7
4 792.0 2541.0 709.8 131.2 3.6 130.7
5 851.1 2541.0 800.0 104.6 194 102.3
6 725.6 2541.0 1181.8 87.3 205.0 59.1
7 857.0 2541.0 946.7 86.0 414.0 377
8 10740 25410 364.9 102.6 5134 54.8
9 11994 - 25410 0.0 111.9 198.0 05.3
10 1369.2 2541.0 0.0 85.6 98.0 78.4
11 1260.0 2541.0 0.0 101.7 485.0 63.2
12 1296.9 2541.0 0.0 95.9 19.4 944
13 1609.8 2541.0 0.0 57.8 280.0 40.5
14 1565.5 2541.0 0.0 62.3 234.2 474
15 1611.2 25410 0.0 577 0.0 57.7
16 1565.5 2541.0 0.0 62.3 0.0 62.3
17 1662.9 2541.0 0.0 52.8 97.0 47.0
18  1688.0 2541.0 0.0 - 505 282.2 33.8
19 1521.2 2541.0 0.0 67.0 181.0 55.1
20 1435.6 2541.0 0.0 77.0 21.0 75.5
21 1174.3 2541.0 0.0 116.4 3.6 16.1
22 1074.0 25410 32.0 133.6 532.0 84.1
23 926.4 2541.0 519.0 118.3 0.0 118.3
24 899.8 2541.0 486.7 128.3 295.0 95.5
25 1012.0 2541.0 239.0 127.5 218.0 105.9
26 784.7 2541.0 217.9 196.1 285.0 159.7
*Both peak demand and installed capacity have been modified to exclude hydroelectric
generation
Reference Case Assumptions and Results
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1990 Peak Demand and Reserve Capacity by Biweekly Interval:
Lower Colorado River Authonty

TABLE 4.1-5

‘ Expected
Biweekly Peak Installed Scheduled = Operating Fgfced Expected
Interval  Load* Capacity*  Outage ‘Reserve Outage ~ Reserve
MW) (MW) MW) (%) MW) (%)

1 1103.1 2012.0 0.0 824 425.0 439
2 13290 2012.0 0.0 514 0.0 514
3 991.3 20120 425.0 60.1 0.0 60.1
4 972.9 2012.0 425.0 63.1 0.0 63.1
5 1024.7 2012.0 4250 54.9 0.0 549
6 760.1 2012.0 845.0 535 330.0 10.1
7 717.6 2012.0 844.8 627 0.0 62.7
8 823.0 2012.0 560.0 76.4 1824 54.3

9 995.6 2012.0 5523 46.6 0.0 46.6
10 1044.7 2012.0 551.7 39.8 66.0 33.5
11 9982 2012.0 135.0 88.0 4200 - 46.0
12 1075.6 2012.0 0.1 87.0 4170 483
13 1303.2 2012.0 0.0 54.4 417.0 224
14 1369.1 20120 0.0 47.0 135.0 37.1
15 1340.5 2012.0 0.0 50.1 415.0 19.1
16 1240.1 2012.0 0.0 62.3 - 0.0 62.3
17 13102 20120 0.0 53.6 0.0 53.6
18 1320.9 2012.0 0.0 523 1824 38.5
19 1191.8 2012.0 0.0 ~ 68.8 54.0 64.3
20 11434 2012.0 465.0 353 0.0 353
21 877.2 2012.0 465.0 76.4 0.0 76.4
22 806.3 2012.0 465.0 91.9 285.0 56.5
23 812.7 2012.0 750.0 553 0.0 553
24 970.6 2012.0 749.8 30.0 420.0 -13.2
25 1116.9 2012.0 465.0 385 266.9 14.6
26 830.6 2012.0 04 142.2 1 845.0 40.5

*Both peak demand and installed capacity have been modified to exclude hydroelectric
generation :
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1990 Peak Demand and Reserve Capacity by Biweekly Interval:

TABLE 4.1-6

City Public Service Board of San Antonio

: Expected
Biweekly Peak Installed Scheduled Operating Forced Expected
Interval  Load* Capacity*  Outage Reserve Outage Reserve
MW) MW) (MW) (%) MW) (%)
1 1530.1 3900.0 360.0 1314 350.0 108.5
2 1687.5 3900.0 4204 106.2 350.0 85.5
3 1469.5 3900.0 890.1 104.8 0.0 104.8
4 13874 3936.0 1245.1 93.9 189.0 80.3
5 1465.5 3936.0 1320.1 785 36.0 76.0
6 1596.0 - 3936.0 1122.6 76.3 0.0 76.3
7 18423 3936.0 810.0 69.7 516.0 41.7
8 22527 3936.0 349.9 59.2 676.0 29.2
9 2425.0 3936.0 0.0 62.3 811.5 28.8
10 2687.4 3936.0 0.0 46.5 0.0 46.5
11 25770 3936.0 0.0 52.7 371.6 38.3
12 2519.2 3936.0 0.0 56.2 01.1 526
13 2052.5 3936.0 0.0 333 350.0 215
14 2807.1 3936.0 0.0 40.2 458.3 239
15 2025.6 3936.0 0.0 345 39.8 33.2
16 2774.8 3936.0 0.0 41.8 160.0 36.1
17 2655.2 3936.0 0.0 332 0.0 332
18 2674.0 3936.0 0.0 323 96.0 29.1
19 2725.0 3936.0 0.0 444 91.1 41.1
20 2667.2 3936.0 0.0 47.6 184.2 40.7
21 2305.2 3936.0 0.0 70.7 405.0 53.2
22 20199 3936.0 0.0 94.9 462.7 72.0
23 17804 - 3936.0 400.0 08.6 0.0 98.6
24 1621.6 3936.0 2325 128.4 0.0 128.4
25 1686.2 3936.0 505.0 103.5 816.7 55.0
26 1597.3 3936.0 235.1 131.7 160.0 121.7
*Both peak demand and installed capacity have been modified to exclude hydroelectric
generation :
4-36 Reference Case Assumptions and Results
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TABLE 4.1-7

1990 Peak Demand and Reserve Capacity by Biweekly Interval:
o Houston Lighting & Power

Expected

Biweekly Peak Installed Scheduled Operating Forced Expected

- ) |/

_ Interval  Load* Capacity*  Outage Reserve Outage Reserve .

MW) MW) MW) (%) MW) (%)
1 76374 14815.0 2058.0 67.0 2430.1 35.2
2 8300.1 14815.0 . 2057.8 537 31465 15.8
3 7153.9 14815.0 2915.0 66.3 1079.2 51.3
4 6874.0 14815.0 4017.9 57.1 1111.2 409
5 7129.3 14815.0 3325.0 61.2 21223 314
6 6797.8 14815.0 3876.1 60.9 1678.8 - 36.2
7 7172.0 14815.0 3875.1 52.5 1088.5 374
8 7885.5  14815.0 2214.7 59.8 383.4 549
9 8496.6 14815.0 1510.3 56.6 892.2 46.1
10 9156.6 14815.0 959.0 513 2821.1 20.5
11 9001.4 14815.0 750.0 ~ 56.3 1536.6 39.2
12 9197.9 14815.0 590.5 54.6 2802.1 242
13~ 10070.3 14815.0 0.0 47.1 1213.5 35.1
14 96294 14815.0 0.0 53.9 1133.9 42.1
15 101013 14815.0 0.0 46.7 23.5 46.4
16 9836.2 14815.0 0.0 50.6 1234.1 38.1
17 10201.0 14815.0 00 45.2 1035.4 35.1
18  10104.2 14815.0 0.0 46.6 1402.9 32.7
19 9579.6 14815.0 406.0 50.4 1686.2 328
20 9123.6 14815.0 406.0 57.9 1081.5 36.2
21 8674.3 14815.0 1316.0 55.6 1242.7 413
22 8390.4 14815.0 1315.5 60.9 2860.4 26.8
23 7444.6 14815.0 3131.0 56.9 1711.8 34.0
24 6857.0 14815.0 2424.5 80.7 812.0 68.9
25 7392.0 14815.0 3412.0 54.3 2815.3 16.2
26 6826.5 14815.0 2455.1 81.1 295.3 76.7

*Both peak demand and installed capacity have been modified to exclude hydroelectric

generation
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TABLE 4.1-8

1990 Peak Demand and Reserve Capacity by Biweekly Interval:
Texas Utilities Electric Company

Expected

Biweekly Peak Insfa]led Scheduled  Operating Forced Expected

Interval  Load* Capacity* = Outage Reserve Outage Reserve
(MW)

MW) MW) (%) MW) (%)
1 127515 21047.0 1303.0 54.8 3093.6 30.6
2 143408 21047.0 1303.0 37.7 1587.6 26.6
3 123150  21047.0 2973.0 46.8 2093.3 29.8
4 11196.0 21047.0 3170.2 59.7 3349.1 29.8
5 119074 21437.0 3655.0 493 2996.1 242
6 101433 214370 5185.4 60.2 2363.0 36.9
7 97972 214370 5430.2 63.4 1142.3 51.7
8 9580.2 21437.0 5994.8 612 3036.8 29.5
9 112720 21437.0 3548.8 58.7 3389.5 28.6
10 136245 21437.0 23274 40.3 2904.7 18.9
11 14039.3 21437.0 1350.9 43.1 3023.5 215
12 14759.2 21437.0 317.1 43.1 37444 17.7
13 16742.7 21437.0 0.0 28.0 1106.1 214
14 166125 21437.0 0.0 29.0 2118.8 16.3
15 17346.9 21437.0 0.0 23.6 1271.6 16.2
16  15905.9 21437.0 0.0 34.8 2431.6 19.5
17 178159 21437.0. 0.0 203 2100.7 8.5
18  17998.0 21437.0 0.0 19.1 2663.0 43
19 16506.4 21437.0 0.0 29.9 3163.1 10.7
20 147785 21437.0 925.0 38.8 2682.1 20.6
21  11995.5 21437.0 3945.0 - 458 15124 332
22 10737.8 21437.0 3668.4 65.5 471.3 61.1
23  10576.2 21437.0 5358.2 520 2045.0 32.7
24 118544 21437.0 3762.0 49.1 2164.5 30.8
25 127117 21437.0 4498.0 333 3681.4 43
26 114432 21198.0 1709.2 703 2520.7 48.3
*Both peak demand and installed capacity have been modified to exclude hydroelectric
generation
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TABLE 4.1-9
1990 Peak Demand and Reserve Capacity by Biweekly Interval:.
Central & Southwest Company
Expected
Biweekly Peak Installed Scheduled Operating Forced = -Expected
Interval  Load* Capacity*  Outage Reserve Outage Reserve
MW) MW) MW) (%) MW) (%)
1 3503.3 6063.0 - 865.0 48.4 824.1 249
2 3228.0 6063.0 1205.0 505 315.0 40.7
3 3322.7 6063.0 1520.0 36.7 74.4 34.5
4 2948.1 6063.0 2472.8 21.8 0.0 21.8
5 2921.1 6063.0 2214.5 31.7 938.8 -0.4
6 2809.2 6063.0 2495.0 270 40.6 256
7 28994 6063.0 2053.4 383 127.6 33.9
8 3461.3 6063.0 1398.2 34.8 98.3 31.9
9 3304.5 6063.0 1082.9 50.7 3122 413
10 3796.8 6063.0 969.9 34.1 272 334
11 4153.3 '6063.0 312.7 385 1693.7 -23
12 4355.1 6063.0 230.0 339 2255 28.8
13 4461.0 6063.0 75.1 342 469.3 237
14 4367.5 6063.0 75.0 37.1 311.9 30.0
15 4425.1 6063.0 74.9 353 63.2 339
16 4930.6 6063.0 0.0 23.0 549.5 11.8
17 4917.5 1 6063.0 0.0 233 300.7 17.2
18 4688.1 6063.0 0.0 29.3 505.2 18.6
19 45254 6063.0 0.0 34.0 785.8 16.6
20 4019.6 6063.0 543.0 373 79.3 354
21 35654 6063.0 543.0 54.8 583.4 38.5
22 31135 6063.0 1718.0 39.6 336.3 28.8
23 2939.3 6063.0 2060.0 36.2 1274 319
24 2882.9 6063.0 2060.0 389 141.0 34.0
25 2990.6 6063.0 1657.3 473 315.0 36.8
26 32435 6063.0 563.1 69.6 176.7 64.1

*Both peak demand and installed capacity have been modified to exclude hydroelectric
generation
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TABLE 4.1-10

1995 Peak Demand and Reserve Capacity by Biweekly Interval:
City of Austin

Expected

P _ -
¥
+

Biweekly Peak Installed Scheduled Operating  Forced  Expected
Interval  Load* Capacity*  Outage Reserve Outage Reserve
MW) MW) MW) (%) MW) (%)
1 11914 2705.0 165.0 113.2 508.0 70.6
2 1295.0 2705.0 164.9 82.1 4472 50.0
3 11122 2705.0 607.0 88.6 0.0 88.6
4 1038.7 2705.0 806.8 82.7 289.2 549
S 1114.1 2705.0 800.0 71.0 23.6 68.9
6 653.9 2705.0 1265.8 50.9 0.0 509
7 1121.7 2677.0 962.7 528 200.0 35.0
8 1398.8 2677.0 296.9 70.2 200.0 55.9
9 1559.0 2677.0 0.0 71.7 200.0 58.9
10 1775.8 2677.0 0.0 50.7 0.0 50.7
11 '1636.3 2677.0 0.0 63.6 0.0 63.6
12 1683.4 2677.0 0.0 59.0 203.4 46.9
13 - 2083.1 2677.0 0.0 28.5 97.0 239
14 2026.5 2677.0 0.0 321 144.1 25.0
15 2085.0 2677.0 0.0 28.4 200.0 18.8
16 2026.5 2677.0 0.0 321 381.0 133
17 2151.0 2677.0 0.0 24.5 591.0 -3.0
18 2183.0 12677.0 0.0 226 116.2 17.3
19 1970.0 2677.0 0.0 359 194 349
20 1860.6 2677.0 0.0 439 62.0 405
21 1527.0 2677.0 0.0 753 440.0 46.5
22 1398.8 2677.0 0.0 9014 165.0 79.6
23 1210.3 2677.0 506.0 794 33.0 76.7
24 1176.3 2677.0 505.7 84.6 3804 522
25 1319.6 2677.0 257.0 . 834 285.0 61.8
26 1029.3 2677.0 2359 137.2 200.0 117.7
*Both peak demand and installed capacity have been modified to exclude hydroelectric
generation
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TABLE 4.1-11

1995 Peak Demand and Reserve Capacity by Biweekly Interval:
Lower Colorado River Authority

Expected
Biweekly Peak Installed Scheduled Operating Forced Expected
Interval  Load* Capacity*  Outage Reserve Outage Reserve

MW) MW) MW) (%) (MW) (%)

- el Em ..

0.0

1 1434.8 2012.0 40.2 27.0 38.3
2 17190 2012.0 0.0 17.1 0.0 17.0
3 1294.1 2012.0 330.0 30.0 0.0 30.0
4 1270.9 2012.0 330.0 323 285.0 9.9
5 1336.2 2012.0 330.0 259 - 0.0 259
6 995.1 2012.0 750.0 26.8 - 4170 -15.1
7 048.8 2012.0 749.8 33.0 - 00 33.0
8 1082.4 2012.0 465.0 - 429 401.9 5.8
9 1302.3 2012.0 1353 44.1 417.0 12.1
10 1367.7 2012.0 135.0 372 - 0.0 37.2
11 1307.9 2012.0 135.0 435 0.0 43.5
12 1395.7 20120 0.1 442 5124 7.4
13 1689.7 - 2012.0 0.0 19.1 85.0 14.0
14 1757.2 24120 0.0 373 427.0 13.0
15 1725.0 2412.0 0.0 39.8 560.0 7.4
16 1608.9 2412.0 0.0 49.9 425.0 23.5
17 1703.2 24120 0.0 41.6 - 1035.0 -19.2
18 1708.8 2412.0 135.0 332 380.0 11.0
19 15464 2412.0 135.0 47.2 135.0 38.5
20 1485.5 24120 560.0 24.7 0.0 24.7
21 1153.0 24120 560.0 60.6 0.0 60.6
22 1059.9 2412.0 560.0 74.7 0.0 74.7
23 1059.7 2412.0 845.0 479 66.0 41.6
24 1268.0 24120 709.9 342 1824 19.8
25 1452.2 2412.0 842.0 8.1 285.0 -11.5
26 1071.9 24120 417.1 86.1 0.0 86.1

*Both peak demand and installed capacity have been modified to exclude hydroelectric

generation
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1995 Peak Demand and Reserve Capacity By Biweekly Interval:

TABLE 4.1-12

City Public Service Board of San Antonio

. Expected ,
Biweekly Peak Installed Scheduled Operating Forced Expected
Interval  Load* Capacity*  Outage Reserve Outage Reserve

MW) MW) MW) (%) MW) (%)
1 1897.9 4932.0 441.0 136.6 602.5 104.9
2 2093.2 4932.0 700.6 102.1 0.0 102.1
3 1822.8 4932.0 1047.7 113.1 498.0 85.8
4 1721.0 4932.0 1598.2 93.7 210.7 81.5
5 1817.8 4932.0 1397.8 94.4 557.6 63.8
6 1979.7 4932.0 1365.0 80.2 5340 53.2
7 2285.2 4932.0 902.8 76.3 36.0 74.7
8 27943 4932.0 349.9 64.0 1004.0 28.0
9 3008.0 4932.0 0.0 64.0 570.0 45.0

10 33335 4932.0 0.0 480 682.2 275

11 3196.6 4932.0 0.0 543 36.0 53.2

12 3124.8 4932.0 0.0 57.8 5379 40.6

13 3662.3 4932.0 0.0 34.7 251.1 278

14 34820 4932.0 0.0 41.6 39.8 40.5

15 3628.9 4932.0 0.0 359 410.0 24.6

16 34420 4932.0 0.0 433 350.0 33.1

17 3665.6 4932.0 0.0 345 189.0 29.4

18 3689.0 4932.0 0.0 33.7 492.0 204

19 3380.2 4932.0 0.0 459 0.0 459

20 3308.4 49320 0.0 49.1 498.0 34.0

21 28594 4932.0 0.0 72.5 770.0 45.6

22 2505.5 4932.0 0.0 96.8 0.0 96.8

23 2208.4 4932.0 640.0 94.4 942.8 51.7

24 20114 4932.0 3526 127.7 880.5 83.9

25 20915 4932.0 760.0 99.5 251.1 87.5

26 19814 4932.0 362.7 130.6 350.0 1129
*Both peak demand and installed capacity have been modified to exclude hydroelectric

generation :
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TABLE 4.1-13 |

1995 Peak Demand and Reserve Capacity by Biweekly Interval:
Houston Lighting & Power
: Expected
Biweekly Peak Installed Scheduled = Operating Forced Expected
Interval Load*  Capacity* Outage Reserve Outage Reserve
MW)  MW)  (MW) (%) MW) (%)

1 8386.0 15290.0 2087.0 574 2632.9 26.0
2 9113.8 15290.0 2087.0 449 1496.4 284
3 78573  15290.0 3222.0 53.6 1785.5 30.9
4 7555.1 15290.0 4104.6 48.1 1715.1 254
5 7832.0 15290.0 3891.0 455 471.5 39.5
6 7473.3 15290.0 4442.1 452 1711.0 223
7 7875.1 15290.0 3691.5 47.3 139.9 45.5
8 8658.6 15290.0 2720.5 45.2 1215.1 31.1
9 9329.5  15290.0 1549.3 473 3063.5 14.4
10  10054.2 15290.0 998.0 42.2 775.5 344
11 0883.8 15290.0 1173.2 42.8 1567.2 270
12 10099.6 15290.0 549.0 46.0 1933.6 26.8
13 11057.5 15290.0 0.0 38.3 4069.5 1.5
14 105734 15290.0 0.0 46 26746 19.3
15 11091.6 15290.0 0.0 379 2645.1 14.0
16  10800.5 15290.0 - 0.0 41.6 22734 20.5
17 ~ 11201.0°  15290.0 0.0 36.5 14514 235
18  11094.7 15290.0 0.0 37.8 1331.7 25.8
19 10518.7 15290.0 681.0 389 903.6 30.3
20 10018.0 15290.0 680.8 45.8 2379.2 221
21 95246 15290.0 1813.0 41.5 1710.5 23.5
22 9212.9 15290.0 1438.2 50.3 1255.0 36.7
23 8174.4 15290.0 3512.0 44.1 1870.4 21.2
24 7536.1 15290.0 - 2924.6 64.1 1022.5 50.5
25 8116.6 15290.0 3653.0 43.4 610.8 35.8
26 7503.7 15290.0 2956.2 64.4 1288.6 472

*Both peak demand and installed capacity have been modified to exclude hydroelectric
generation
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TABLE 4.1-14

I .

1995 Peak Demand and Reserve Capacity by Biweekly Interval:
Texas Utilities Electric Company

-‘

: Expected
Biweekly Peak Installed Scheduled Operating Fgfced Expected
Interval  Load* Capacity*  Outage Reserve ~  Outage Reserve
(MW) (MW) MW) %)  MW) (%)
1 14775.0  24324.0 1970.0 -51.3 32645 29.2
2 166164 24324.0 1970.0 34.5 1692.1 243
3 14269.2 24324.0 3855.0 - 434 2075.0 28.9
4 129726 24324.0 3503.4 60.5  3844.0 30.9
5 13796.9 24324.0 4320.1 45.0 1759.0 322
6 117799 24324.0 5829.6 57.0 3539 54.0
7 114583 24324.0 5978.5 60.1 2295.1 40.1
8 11403.1 24324.0 6465.8 56.6 1729.9 414
9 13060.6 24324.0 3584.1 58.8 2511.6 39.6
10 15786.5 24324.0 2297.8 395 3103.2 19.9
11 16267.1 24324.0 1203.9 42.1 4603.0 13.8
12 171012 24324.0 04 422 33515 22.6
13 19399.6 24324.0 0.0 254 2404.6 13.0
14 19248.7 24324.0 0.0 264 3932.3 59
15 20099.5 243240 0.0 21.0 2978.9 6.2
16 184299 24324.0 0.0 320 3725.9 11.8
17 20643.0 24324.0 0.0 17.8 34342 1.2
18 20854.0 24324.0 0.0 16.6 3140.5 1.6
19 19125.7 24324.0 0.0 27.2 4658.2 2.8
20 171236 24324.0 875.0 36.9 2184.6 242
21  13898.9 24324.0 4490.0 42.7 17449 30.1
22 124464 24324.0 3858.7 64.4 830.0 578 -
23 122719 24324.0 5994.9 494 1330.5 385
24 137355 24324.0 4366.9 453 4047.9 15.8
25 147289 24324.0 5435.0 28.2 1750.0 16.4
26 13259.0 24129.0 1026.7 74.2 1547.6 62.6
*Both peak demand and installed capacity have been modified to exclude hydroelectric
generation :
4-44

Reference Case Assumptions and Results

ol S S o

1 { R



i i N <

TABLE 4.1-15

11995 Peak Demand and Reserve Capacity by Biweekly Interval:
Central & Southwest Company

Expected

Biweekly Peak  Installed Scheduled Operating  Forced  Expected

Interval  Load* Capacity*  Outage Reserve Outage Reserve
MW)

MW) (MW). (%) MW) (%)
1 4382.6 5989.0 372.0 28.2 -~ 6589 13.1
2. 40825 5989.0 3043 39.2 99.2 36.8
'3 4006.7 5989.0 993.1 247 281.6 17.7
4 . 34979 5989.0 1836.0 18.7 2584 11.3
5 3560.2 5989.0 1809.7 17.4 576.7 1.2
6 35105 5989.0 16126 24.7 0.0 24.7
7 35942 5989.0 -1581.8 226 416.0 11.0
8 4102.8 5989.0 1013.9 21.3 464.0 10.0
9 3877.6 5989.0 421.7 43.6 315.0 35.5:
10 46739  5989.0 108.0 25.8 500.6 15.1
11 4843.7 5989.0 - 0.0 23.6 809.0 6.9
12 48589 5989.0 0.0 233 1419 20.3
13 4828.7 5989.0 0.0 24.0 162.7 20.7
14 = 4652.1 5989.0 0.0 28.7 406.3 20.0
15 48107 = 5989.0 0.0 245 1127.7 1.1
16 54784 5989.0 0.0 93 1229.2 -13.1
17 5269.8 5989.0 0.0 13.6 157.8 10.7
18 49725 5989.0 0.0 204 247.0 15.5
19 4975.7 5989.0 0.0 204 225.2 15.8
20 4570.2 5989.0 357.0 23.2 97.8 211
21 3988.6 5989.0 565.0 36.0 443.6 249
22 3685.9 5989.0 779.6 41.3 95.6 38.7
23 . 36147 5989.0 1014.8 37.6 690.8 18.5
24 34979 5989.0 1023.9 419 329.8 325
25 3609.9 5989.0 1261.8 31.0 89.1 28.5
26 3749.8 5989.0 5504 45.0 556.0 30.2
*Both peak demand and installed capacity have been modified to exclude hydroelectric
generation - : s
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projecting that its system will become winter peaking. COA has the largest differential
between its lowest peak, in interval 6, and highest peak in interval 18. CPSB is another

system which shows a large differential between low and high peaks. These large

differences indicate that the two utilities have low annual load factors. As shown, the

reference case demand forecast predicts only a 47.5 percent annual load factor for City of
Austin in the year 1990. The utility with lowest differential between low and high peak
is HL&P, which aiso happens to be the system with the largest annual load factor, 60

percent.

Low annual load factors usually indicate that the major constituents of demand are
residential and commercial loads, which are sensitive to seasonal weather variations.
High annual load factofs usually indicate that a sizable portion of demand is industrial
load, which tends to stay relatively constant throughout the entire year. This observation
is confirmed by deménd forecasts made by both the utilities and the PUCT staff. The
official forecast released in 1986 by the PUCT staff shows that over 96 percent of the
total sales in the City of Austin in 1990 will be to residential and commercial customers.
In contrast, in the same year the sales to residential and commercial customers are

projected to comprise only 45 percent of total sales for HL&P.

The "reserves" columns are indicators of system reliability under own-load operations.
They are also indicators of excess capacity within the systems. Although a system is
expected to have certain capacity set aside for system reserve, high reserves indicate that

the system has available resources for exporting power.

For each of the study years, COA has extremely high levels of excess capacity,
parﬁcularly during winter. During the winter of 1990 the excess capacity of COA is 138
percent of expected load. San Antonio also shows relatively high levels of excess

capacity during the winter period. In contrast, LCRA is projected to have negative
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reserves. These negative numbers indicate potential supply shortages that LCRA is
likely to encounter during the year under own-load operation. HL&P and C&SW show
comfortable reserve capacities while TUEC shows a tight reserve capacity during the

summer period.

The "Operating Reserve” a‘nd "Expected Reserve” shown in Tables 4.1-4 through 4.1-15
are not calculated 1n the same manner as<"ReServ‘e’. Margin" shown in Table 3.2-2. The
common deﬁnitibn of "Reserve Margih" used by ERCOT members reflects the reiiability ‘
of each utility’s system under normal operating conditions. In contrast, the
MAPS/MWFLOW model applies a slightly different foimula to calculate operating
reserve and expected reserve for each biweekly interval for each utility’s system. These

formulas which adjust for planned and x:andom outages are as follows:

R =(C-0.-P)100
P
and -
R = (€00 ) 100
where
R = Qperating reserve (percent)
R. = Expected reserve (percent)
C = Installed capacity (MW)
O; = Scheduled outage (MW)
Of = Expecfed forced outage (MW)
P = Peak load (MW)
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4.1.10 Transmission line monitoring

The significance of monitoring transmission lines is discussed in Appendix A. Because
of the limitations of the MAPS/MWFLOW model and computer resources, it is not
possible to monitor all of the nearly 3,000 transmission lines in the ERCOT network.

MAPS/MWFLOW allows fewer than 300 lines to be monitored.

Since transmission limitation is one of the major issues régarding the amount of power
that can be shipped over the network, substantial effort was expended in the analyses of
line mbniton'rig during tﬁe development of thé earlier base cases. In one analysis, lines
that appeared to carry heavy load as indicated in the ERCOT loédﬂow results were added
to the list of monitored lines. From these analyses, the earlier set of 96 lines was

obtained and used in the model.

However, at the December review meetings, ERCOT utility representatives strongly
expressed their doubts about the number and selection of the monitored lines; and two of
them (COA and LCRA) subsequently worked together with the study staff to run a set of
2,158 loadlow cases for the 1990 base case. The results of this process indicated that for
approximately 18% of the cases, even under the assumptioh of no contingencies, one or
more transmission lines were loaded beyond their limits. This provided a clear indication

that the original set of 96 monitored lines had to be enlarged.

Monitored lines are those for which the MAPS/MWFLOW model include constraints in
order to assure that they are not overloaded. In the reference cases for 1986, 1990 and
1995, this constraint set has been enlarged to contain between 250 and 290 lines. The
new set of monitored lines includes: (1) the original 96 lines identified by the study staff,
(2) all of the lines idgntified in the LCRA/COA loadflow analysis, (3) all the lines that
appear in ERCOT’s 1986 and 1987 transfer limit study, and (4) other components of the
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network identified by the staff from the original ERCOT loadflows that might overload if
constraints were not enforced. A complete list of monitored lines for 1990 is shown in
Tables 4.2-15 and 4.2-16, along with the calculated line loadings and limits which will

be discussed in Section 4.2.5 on Transmission Limitations.

According to the devélopcr -of the modei, if selected critical :iines are monitored and do
not exceed their limit, it is unlikely that other less critical lines will be overloaded.
However, because of the sizé of the ERCOT network, it cannot be guaranteed that no
critical elements have been overlooked. Identifying critical elements in the network
under a given state of generation and load is a major study in itself. As more information
about’ critical elements becomes available, further tests should be made to measure the |

sensitivities and irnpaéts of these critical elements on the overall results.

4.1.11 Calculation of Savings Allocation

The method of savings allocaﬁdnku‘sed 1n the discussion is just one‘ 6f several possible
methods. This method, as discussed m Appendix A, uses a 50/50 split of the savings
between sellers and buyers. It is used only to demonstrate that it is posSible for every
pool member to benefit from the pool operation; hence the discussion about the savings
individual utilities receive should not be interpreted as a policy recommendation of this

study.

The savings allocation can take into account the use of transmission lines that belong to
other members. However, regardless of the method of savings allocation used, the

overall savings remain unchanged. The main fact is that if the savings are allocated

~ more to one company, the remaining share for others will be reduced; but the overall

savings resulting from the transactions do not change.
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4.2 Reference Case Results

Wherever possible, the reference case results for each of the relevant topics are discussed
simultaneously for the years 1986, 1990 and 1995. Comparisons are made to show the
similarity and/or contrast in overall savings and system operations. Input data and output
files for the reference cases appear in Appendices B and C. For the years 1990 and 1995
the utilities’ demand forecast is designated as the reference case to be consistent with the

capacity projections provided by the utilities for that year. .

The discussion of resuits in this chapter and the next chapter often involves comparisons
between "own-load" and "pool" operations. ; The own-load operatidn reflects an
assumption that the utilities do not engage in exchanging power for economic purposes.
The pool operation represents an assumption that the utilities will closely coordinate
operations in order to globally minimize production costs. The two assumptions
represent opposite extremes and thus produce boundary conditions. While the current
ERCOT system operation represents neither of the two extremes, in the past it has been
very similar to the own-load operation. However, the expected additional use of the
ERCOT brokerage system will likely move thé operation closer to the other boundary.
The comparison between these two extremes represents the upper bound of the potential
transactions and savings, which can also be used as a comparison of the success of the

ERCOT brokerage system.

4.2.1 Overall Savings

Tables 4.2-1 through 4.2-4 summarize the annual savings between pool and own-load
operation for the years 1990 and 1995. During these two years, the model reports the
total variable costs for own-load operation (assuming diverging fuel prices) to be

$4,398.0 billion and $7,547.0 billion, respectively; or (assuming converging fuel prices)
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TABLE 4.2-1

Summary of Annual Generation and Total Savings in 1990:
Reference Case - Diverging Gas Prices

Synsay pup suoudunssy asny) IuaLafay

Generation (million KWH) Operating Cost* ($ million)
Own- - Total ~  Total Net Own- Adjusted
Load = Pool Purchases Sales Sales Load Pool Savingst Cost
COA 7,024 8,444 452 1,872 1420 127.7 160.7 9.1 1186
LCRA 7,858 10,872 246 3,259 3,013 1709 238.8 15.5 1554
CPSB 13,227 11,156 2,387 316 -2,071 2794 207.0 140 - 2654
HL&P 56,165 76,957 58 20,850 20,792 1,256.4 1,716.0 949 1,161.5
TUEC 94,338 71,552 23,140 - 354 -22,786 - 2,013.6 1,279.9 107.7 1 ,905.9 |
C&SW 24,052 23,684 1,723 1,355 | -368 540.0 548.4 6.0 5440
Total 202,664 202,664 28,005 28,005 43980 4,150.8 247.2 '4,150.8

*Cost includes only fuel and variable O&M.
+The method of calculating the savings allocation is discussed in Appendix A.
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TABLE 4.2-2

Summary of Annual Generation and Total Savings in 1990:
Reference Case - Converging Gas Prices

Generation (million KWH) . Operating Cost* ($ million)

Own- Total Total Net Own- - : Adjusted

Load - Pool Purchases Sales Sales Load Pool Savingst Cost
COA 7,024 7,016 775 767 -8 126.1 120.8 3.8 122.2
LCRA 7,858 . 9812 324 2,278 1,954 174.2 219.2 50 169.2
CPSB 13,227 16,706 144 3,623 3,479 : 251.5 3316 - 6.6 2449
HL&P 56,165 = 60,825 - 671 5,330 4,659 1,331.9 1,429.0 13.2 1 J318.7
TUEC 94,338 83,995 10,907 564 -10,343 1,737.9 1,456.9 223 1,715.6
C&SW 24,052 24,311 - 1,536 1,795 259 527.8 536.1 4.8 523.0
Total 202,664 202,664 14,357 14,357 4,1494  4,093.6 55.8 4,093.6

*Cost includes only fuel and variable O&M. :
+The method of calculating the savings allocation is discussed in Appendix A.



TABLE 4.2-3

Summary of Annual Generation and Total Savings in 1995:
Reference Case - Diverging Gas Prices

Synsay pup suondunssy asn) a0UILafoy

Generation (million KWH) , Operating Cost* ($ million)

Own- Total Total Net Own- | Adijusted

Load Pool Purchases Sales Sales Load Pool Savingst Cost
COA 9,210 9,595 799 1,184 - 385 2539 265.0 123 241.6
LCRA 10,209 12,116 426 2,333 1,907 320.2 3847 200 300.1
CPSB 16,953 18,629 586 2,262 1,676 48 1.8 524.2 230 458.7
HL&P 61,780 77,195 685 16,099 15,414 | 1,868.5 24213 119.7 1 ,748.9
TUEC 114,333 96,502 19,359 1,528 -17,831 3,631 S 2,663.2 156.6 3,4749
C&SW 28,705 27,153 2,885 1,334 - -1,551 991.1 9339 23.1 968.1
Total 241,190 241,190 24,741 24,741 7,547.0 7,192.3 354.7 7,192.3

*Cost includes only fuel and variable O&M.
1The method of calculating the savings allocation is discussed in Appendix A.
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TABLE 4.2-4

Summary of Annual Generation and Total Savings in 1995:

Reference Case - Converging Gas Prices

Generation (million KWH) Operating Cost* ($ million)

Own- Total Total Net Own- Adjusted

Load Pool Purchases Sales Sales - Load Pool Savingst Cost

COA 9,210 8,681 1,141 612 -529 241.2 214.5 6.6 234.6
LCRA 10,209 10,809 753 1 ,352 599 319.7 334.6 8.7 311.0
CPSB 16,953 23,082 129 6,258 | 6,129 452.6 661.8 20.1 432.5
HL&P 61,780 64,166 2,196 4,583 2,387 1,9329 2,0103 212 1,911.7
TUEC 114,333 107,529 8,877 2,073 -6,804 3,122.1 2,802.7 38.0 3,084.0
C&SW 28,705 26,923 2,907 1,125 -1,782 922.3 ~ 858.7 134 908.9
6,882.8 108.1 6,882.8

Total 241,190 241,190 16,003 16,003 6,990.8

*Cost includes only fuel and variable O&M.
+The method of calculating the savings allocation is discussed in Appendix A.

N ~ -3 R . i N ] N \ - . . . e



to be $4,i49.4 billion and $6,990.8 billion. Comparable costs for pool operation
(éssuming diverging fuel prices) are $4,150.8 billion and $7,192.3 billion, respectively;
or (assuming converging fuel prices) $4,093.6 and $6,882.8 billion. The cost increase

from 1990 to 1995 is due mainly to the increase in fuel price projections.

The amounts of energy exchanged among the utilities for these two years (assuming
diverging fuel prices) are 28.0 billion and 24.7 billion KWH which translate respectively
to 13.8 and 10.3 percent of total ERCOT generation; or (assuming converging fuel

prices) 14.4 billion and 16.0 billion KWH which translate respectively to 7.1 and 6.6

| percent of total ERCOT generation.

Although the total costs and the level of transactions (assuming diverging fuel prices) are
roughly comparable to eérﬁer base case results, the savings levels are reduced to $247.2
million in 1990 and to $354.7 million in 1995. These savings translate into 5.6 and 4.7
percent, respectively, of total variable operating costs under own-load operation. The
reference case results (assummg Converging fuel prices) are, as expected, substantially
lower with 1990 savings equal to $55.8 million or 1.3% and 1995 savings equal to $108.1
million or 1.6%. |

The large differential between the convérging and diverging fuel price scenarios is
further supported by analysis of the 1986 reference cases. Although the version of
MAPS/MWFLOW used in the study is not currently configured to handle multiple fuels
for each generating unit -- a more accurate reflection of the actual historical conditions --
upper and lower limits can be established by using actual average gas prices to represent
the diverging conditions and the actual incremental fuel prices to represent the
converging conditions. As shown in Tables 4.2-15 and 4.2-16, the average gas price case
indicates an upper limit on ﬁmsacﬁom of 30.7 billion KWH (16.8% of total system

energy) and calculated annual savings of $239.6 million (6.4% of costs). Clearly, the
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provisions of then-existing contracts with take-or-pay obligations ceupled with the
existence of low priced gas in the short-term spot market indicate that such levels would
havebeen unattainable. For example, the model shows T[;IEC to be a net purchaser of
24.0 billion KWH; however, calculations made by TUEC and supplied to the study staff
indicate that the maximum amount of energy which could have been "backed down"

from its gas-fired units is 5.9 billion KWH.

In order to eddress such discrepancies, the altei'native reference case uses each utility’s
reported incremental natural gas prices in the analysis. This assumption results in a
potential transactions level of only 14.7 billion KWH (8.0% of system energy) and
reduces the potential savings level to only $51.2 million (1.7% of total cost). Although
this result is biased downward as a result of assuming that each utility can acquire all of
its gas requirements at its. incferhental cost, it is the best estimate of the actual potential,
given the gas market conditions and the limitations of the model. It is also consistent
with and lends support.to the magnitude of the range shown between the forecast
reference caises ﬁsing divergiﬁg (i.e. average) and converging (i.e. incremental) gas
prices. Finally, for cxample the TUEC net purchase of 1.9 billion KWH is well within
the backdown limit of 5.9 bﬂhon KWH described above while HL&P, as expected, is
shown to be the largest exporter with potential sales of 8.8 billion KWH. As a basis of

comparison, actual ERCOT transactions in 1986 were only 2.3 billion KWH,

approximately 15% of the estimated potential. In 1987, these ERCOT transactions
increased to 3.5 billion KWH.

It should be noted that the incremental increase in line losses is not taken into

consideration in the savings calculation. However, the results from staff analysis of .

selected loadflow cases indicate that the increase in line losses as a result of increased

levels of bulk power transactions will not significantly reduce the overall savings.
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Although the version of MAPS/MWFLOW used in the Study cannot calculate

incremental line losses, it can generate a data file for loadflow analysis. When a
loadflow analyeis is made for the surhmer peak hour in 1990 using the
MAPS/MWFLOW data ’ﬁle that represents coordinated operation, the results show that
transmission line losses are increased by enly 25 percent ﬁom the ERCOT summer peak
loadflow.. In addition, the results from the yloadﬂew‘ ahalysis indicate that the total line
losses at the transmission level (69 KV and 'abo‘ve) is only about 1.6 percent of generation
requirements. This ihdieates that the majority of line losses occur at the distribution level

which is not affected by changes in the operation of the bulk power system.

The breakdown of energy import/export during the study years is shown in Figures 4.2-1
and 4.2-2. During the two study years, TUEC is consistently the largest net importer,
while HL&P is consistently the largest net exporter. - As discussed earlier, for a
transaction to occur, there must be available capacity, price differentials, and available
transmission. In these study cases, HL&P has both high eiceés capacity available for
export and low cost supplies from cogeneration and low gas prices. On the other hand,
the demand/supply prejectiens for TUEC used in this study indicate a need to purchase

power since it has both tight supply and higher natural gas prices.

During the study years (assuming diverging gas prices), TUEC’s net imports are 22,786
million and 17,831 million KWH while HL&P’s net exports are 20,792 million and
15,414 million KWH, respectively; or (asSuming converging gas prices), TUEC’s net
imports are 10,343 million ahd 6,804 million KWH while HL&P’s net exports are 4,659
million and 2,387 mﬂlion KWH, respectively. Although the TUEC service area is
expected to experience an economic slowdown, the degree is expected to be less severe
than that in Houston. Given the current demand and supply projections, TUEC will have

a much tighter supply than HL&P.

Reference Case Assumptions and Results 4-57



Exchanged Energy (million KWH)

4-58

Exchanged Energy (million KWH)

Diverging Gas Prices

TV T VvV Tryriseryevevgvivy

COA LCRA CPSB HL&P TUEC C&SW
| Utility

Converging Gas Prices

COA "~ LCRA CcPSB HL&P TUEC ca&sw
Utility

Figure 4.2-1 Energy Import and Export in 1990
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Figure 4.2-2 Energy Import and Export in 1995
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Like HL&P, LCRA also exports more energ§ than it imports due to its low average gas
price. In 1990 and 1995 (assuming diverging gas prices), its net exports are 3,013 and
1,907 millidn KWH, respectively; or (assuming converging gas prices), its net exports
are 1,954 and 599 million KWH. The decrease in energy export is related to the lower
projected reserve margin for 1995. LCRA’s relati&ely small energy purchases, while

exceeded by its sales, reflects its increasing winter capacity and energy needs.

With the assumption of diverging gas prices, another net exporter in the system is COA.
The amount of net energy export from COA'is 1,420 million KWH in 1990 and 385
million KWH in 1995. However, with converging gas prices, COA imports 8 million
KWH in 1990 and 529 million KWH in 1995.

Although it has moderately high reserve capacity, CPSB’s transaction position is quite
sensitive to gas price assumptions. Assuming diverging fuei prices, the results show that
CPSB imports 2,071 million KWH in 1990, then exports 1,676 million KWH in 1995.
As indicated by the 1990 results, a utility with available capacity to export, can itself be a
net importer if its available supply is not economical enough to compete in the bulk
power market. However, assuming converging fuel prices, the results show that CPSB
exports 3,479 million KWH in 1990, then becomes the largest exporter with 6,129
million KWH in 1995. This shift indicates that _\\Nith similar gas prices, there is a high
potential for compétition émong utilities that have exporting capability, and utilities that

can supply at lower costs will tend to export more into the pool.

The import/export trend in C&SW also shows some mixed results. With diverging fuel
prices, C&SW is a net importer in both of the study years, but the amounts are very small
in relationship to its total energy. With converging fuel prices, however, C&SW is a
small net exporter in 1990, but becomes a small net importer in 1995. While the situation

earlier described for CPSB demonstrates, the impact of fuel prices, the situation for
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C&SW demonstrates the impact of reserve capacity. While their fuel prices, particularly

natural gas, are competitive during the two study years, the average expected reserve

- margin drops from 28.5% in 1990 to only 18 percent in 1995. The tight reserve in 1995

removes the ability to export energy from C&SW and causes it to become a net importer.

Although some utilities are net exporters while others are net importers, all utilities
engage in both types of transactions. This means that under pool operation, utilities can
take advantage of seasonal fluctuations in supply and demand to move power, resulting

in lower overall operating costs.

If the method of split savings discussed in Appendix A were used, TUEC would receive
the largest benefit from engaging in the bulk power market with savings of $108 million
and $157 million (assuming _diverging gas prices), but only $22.3 million and $38.0
million (assuming converging gas prices) during the study years. The second largest
beneficiary would be HL&P with savings of $95 million and $120 million (assuming
diverging gas pn’cés), but only $i3.2 million and $21.2 million (assuming converging gas
prices) during the study years. While TUEC benefits mainly from buying, HL&P

~ benefits mainly from selling. It is reasonable to expect that HL&P and TUEC would be

the two largest beneficiaries from engaging in bulk power transactions, since they are

also the two largest utilities in the state.

It should be noted that the cost allocation method is merely an example which illustrates

that all of the involved parties can benefit from exchanging power. Because the model
used in the study is designed to optimize operating cdsts globally without paying
attention to the transaction mechanism, it does not keep track of explicit transactions.
This makes it impossible to calculate wheeling costs if they are charged (in some power
pools, they are not). For example, when it reports that LCRA buys 246 million and sells
3,259 million KWH in 1990, the model as currently configured cannot tell to whom
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LCRA sells and from whom it buys. When the emphasis is on overall savings, lack of
this information is not especially critical; but does point out the need for further analysis

and research using a model which permits identification of specific transactions.

Compared to the ERCOT brokerage system, these savings are equivalent to the savings
before wheeling payments to the affected systems. Therefore, when wheeling charges
are assessed, the savings split will change. If, for example, it is assumed that buyers are
reponsible for wheeling charge payments, TUEC’s savings will be less than reported by
the model while savings of companies affected by TUEC’s transactions, such as LCRA’s,
will be higher. This means that wheeling charges only affect the savings allocation, not
the overall savings. The model is designed io dispatch the system to yield global
optimization of operating costs withéut paying any attention to the transaction
mechanisms or arrangéments. While there may be infinite varieties of transaction
arrangements which affect wheeling calculations, there can be only one optimum solution

for a given problem formulation and set of constraints.

Whether the level of energy exchanged during the study years declines slightly in 1995
(assuming diverging gas prices), or increases slightly in 1995 (assuming converging gas
prices), the amount of savings increases markedly in 1995. This provides one clear
indication that the amount of savings is very sensitive to the fuel price assumptions.
Another clear indication of this sensitivity is demonstrated by the much greater relative
change in the level of savings than in the level of transactions in a given study year when
the assumption is changed from diverging to converging gas prices. For example, in
1990, this change in assumptions causes transactions to fall by 48.7% but savings are
reduced by 77.4%. Further tests of alternative fuel price assumptions are made and

reported in the next chapter.
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4.2.2 Generation Patterns

Tables 4.2-5 through 4.2-8 show the comparison of generation patterns of the modeled
utilities between own-load and pool operations during the study years for the reference
cases. The genération 1s shown broken down by fuel type. The "other" category includes
cogeneration and minor sources. Cogeneration is assumed to be bound by the contracts
between utilities and cogenerators and doés not change between own-load and pool
operations. Minor sources include external purchases to make up for the géneration
requirements in case of shortages. Available hydro generating units are treated as
pondage units (see Appendix A) with energy production determined by downstream
water requirements. Hydro generation, therefore, does not appear in the tables. The
impacts of varying supply from cogeneration are tested in the next éhapter. COAhasa

refuse unit that increases its output slightly under the coordinated operation.

During the study years for all of the reference cases, TUEC reduces the use of its gas
units considerably under the coordinated operation. This reduction is replaced by more
economical generation from other utilities. The major source of replacement is gas
generation from HL&P, although in 1995 with converging fuel prices CPSB is projected
to contribute somewhat more gas-fired energy than HL&P does. Other sources include
coal, lignite and nuclear generation from other utilities. Figures 4.2-3 and 4.2-4 show
changes in generation by fuel type during the study years. These figures also show a
slight reduction of gas genération by CPSB in 1990, and C&SW in 1995 (assuming
diverging gas prices), as well as an increase in coal and lignite use by HL&P in 1990.
The relatively small changes in the use of the other fuel types indicate that the base load
units are being utilized efficiently under the different operating arrangements, and that

little inter-fuel substitution takes place.
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_ Electricity Generation by Fuel Type in 1990:

TABLE 4.2-5

Reference Case - Diverging Gas Prices

(million KWH)

Gas  Coal Lignitt  Oil Nuclear Others Total
Own-Load Operation
COoA 1,275 3,355 0 0 2,257 137 7,024
LCRA 2,267 5,574 -0 U 0 17 - 7,858
CPSB 3,716 5,415 0 0 3,880 216 13,227
HL&P 25418 7,747 8,408 0 4324 10,269 56,165
TUEC 39,387 0 36,527 0 11,538 6,886 94,338
C&SW 12,130 8,321 0 0 3,600 1 24,052
Total 84,193 30,412 44935 0 25598 17,526 202,664
Pool Operation
CoA 2,248 3,773 0 0 2,286 138 8,444
LCRA 4,525 6,347 0 0 0 0 10,872
CPSB 1,373 5,560 0 -0 4,001 223 11,156
HL&P 41,568 11,883 8,806 0 4401 10,299 76,957
TUEC 16,137 - 0 36,99 0 11,539 6,386 71,552
C&SW 12,206 7,877 0 0 3,600 0 23,684
Total 78,057 35440 45,796 0 25826 17,546 202,664
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TABLE 4.2-6

Electricity Generation by Fuel Type in 1990:
Reference Case - Converging Gas Prices

(million KWH)

Gas Coal Lignite Oil Nuclear Others Total
Own-Load Q_m. ration
COA 1,323 3,308 0 0 2257 137 7,024
LCRA 2,024 5817 0 0 0 17 - 7,858
CPSB 4,050 5,081 0 0 3,880 216 13,227
HL&P 22947 10,218 8,408 0 4324 10,269 56,165
TUEC 39,386 0 36,528 0 11,538 6,886 94,338

- C&SW 12,194 8,257 0 0 3,600 1 24,052 .

Total 81,922 32,681 44937 0 25598 17,526 202,66
Pool ration
COA 751 3841 0 0 228 138 7,016
LCRA 3,360 6,451 0 0 0 0 9,812
CPSB 6,685 5,799 0 0 4,000 223 16,706
HL&P 26,179 11,172 8,774 0 4400 10,299 60,825
TUEC 28,640 0 36,931 0 11,537 6,886 83,995
C&SW 12,643 8,068 0 0 3,600 0 24,311
Total 78,260 35,331 45,705 0 25823 17,546 202,664
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Electricity Generation by Fuel Type in 1995:

TABLE 4.2-7

Reference Case - Diverging Gas Prices

(million KWH)
Gas Coal Lignite Oil Nuclear Others Total
Own-Load Operation
COA 3032 3,756 0 0 2284 139 9,210
LCRA 2,275 7,825 0 0 0 109 10,209
CPSB 2,586 10,180 0 0 3,949 239 16,953
- HL&P 24,647 12,604 16,592 0 4401 3,536 61,780
TUEC 34817 3,407 49437 0 11,450 15,222 114,333
C&SW 15457 9,625 0 1 3,601 21 28,705
Total 82,813 47,398 66,029 1 25685 19,264 241,190
Pool Operation
COA 3313 3855 0 0 2286 138 9,593
LCRA 4,146 7,968 0 0 0 0 12,114
CPSB 2,500 11,884 0 0 4,001 242 18,626
HL&P 38917 13879 16,462 0 4401 3,535 77,195
TUEC 16,434 2,128 51,183 0 11,529 15225 96,499
C&SW 14,357 9,180 0 0 3,601 0 27,138
Total 79,668 48,894 67,645 0 25817 19,140 241,165
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Electricity Generation by Fuel Type in 1995:
Reference Case - Converging Gas Prices

TABLE 4.2-8

(million KWH)
Gas Coal Lignite Oil Nuclear Others Total
Own-Load Operation
CoA 3,032 3,756 0 0 27284 139 9,210
LCRA 2275 1825 0 0 0 109 10209
CPSB 2,586 10,180 0 0 3,949 239 16,953
HL&P 24,040 13,211 16,592 0 4401 3,536 61,780

TUEC 36,858 1,204 49,577 0 11471 15224 114,333
C&SW 15,456 | 9,627 0 1 3,601 21 28,705
Total 84,246 45803 66,169 125705 19,266 241,190

- Pool Onération’

"COA 2415 3842 0 0 2,286 138 8,681
LCRA 2862 7,947 0 0 0 0 10,809
CPSB 6,942 11,897 0 0 4,001 242 23,082
HL&P 26,093 13,696 16441 0 4401 3,535 64,166
TUEC 29,042 512 51,220 0 11,529 15,225 107,529
C&SW 14,176 9,146 0 0 3,601 0 26,923
Total 81,531 47,039 67,662 0 25818 19,140 241,190
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Figure 4.2-3 Change in Generation Pattern in 1990
4-68 Reference Case Assumptions and Results

_v g o . .
- . y



I Diverging Gas Prices
' 20000
' g 15000 |
' c 10000 |
2 -
T 5000 f
I & of R
] >
: 4
: O .s000 F
e :
| i
'® -10000 |
: [ ] L
s [
' 8 -15000
COA LCRA cPsB HL&P TUEC | CaSW
' Utility | |
Converging Gas Prices
l 20000 r
3
l T 15000 |
% 10000 £
\ 2 "
P .
. :
g 0p== e
i g ol
O .s000 [
= s
] 1
l T -10000 |
o 1] L
g :
\ 8 -15000 -
‘
i o |
COA LCRA .CPsB HL&P TUEC casw
' ' Utility
l Figure 4.2-4 Change in Generation Pattern in 1995
' . Reference Case Assumptions and Results

4-69



The generation patterns (assuming diverging gas prices) show that the overall savings

from bulk power transactions come from the substitution of expensive fuel by cheaper
fuel. With converging fuel prices, the transactions and savings are driven by the greater
relative efficiency of available capacity resources. Under elther assumption, almost all of

the displaced power is gas generatlon from TUEC. Gas generation from other utilities,

‘particularly HL&P, makes up a large portlon of the substltutmg fuel. For example, in

1990 (assuming convergmg fuel prices), TUEC decreases its gas generation by 10,746
million KWH. Other utﬂiﬁes altogether increase their ges' generation by 7,084 million
KWH. Nuclear generation is increased by 225 million KWH, and coal and lignite
generation is increased by 3,418 million- KWH including 403 from TUEC itself. If
diverging gas prices are assumed, the effect is made more pronounced by the price

differential.

In the diverging price reference case, TUEC’s average gas price is projected to be the
highest while HL.&P’s gas price is projected to be ,'the lowesi among the utilities in the
study. As demonstrated by the variation in the reference cases when converging prices
are used, the values cf the savings are very sensitive to fuel price differentials, eSpeciaIly
natural gas prices, among different companies. The savings decrease markedly when the
differences in gas prices among utilities are eliminated, however, the level of transactions
does not decrease in the same proportion as savings because there are other factors that
affect the transactions. With diverging fuel prices, however, once the fuel price
differential reaches a thresﬁold level, increasing the gap only increases the savings but

not the transaction level.
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4.2.3 Monthly Interchange

Monthly transactions among the utilities depend on thé rclationship between demand and
supply during each month. Relevant factors include the seasonal characteristics of
demand and the maintenance scheduling of power plants. In the reference cases, no
coordination in maintenance scheduling is assumed and each utility optimizes its
maintenance scheduling based on its own demand. The smaller the utility the more

apparent the impact of maintenance scheduling becomes.

Tables 4.2-9 and 4.2-10 show the total monthly generation for each utility during 1990.
Figures 4.2-5 through 4.2-10 show the monthly exchange patterns derived from the
tables. TUEC is the only utility that is a net importer during all twelve months,
irrespective of the gas price assumptions. As expected, imports peak during the summer

months but remain relatively high through winter and spring months.

HL&P, the major eXporter in the system, also experiences its activity peak during
summer months, but also has high net exports during the spring. The total export for
April is almost as high that in August. Exports during the other months range between 45
and 72 percent of those in the peak month with diverging gas prices, but show more

variability with converging gas prices as January and October HL&P a small net import. |

Another utility that is a net exporter (assuming diverging gas prices) for almost the entire
year is COA. However, the seasonal pattern differs considerably from that of HL&P.
Net exports for COA péak in the winter months of December and January but return to
lower levéls for the rest of the year, except in October and November when COA
becomes a small net importer -- apparently the result of scheduled outage of economical
units for maintenance. With the assumption of converging gas prices, COA has positive

net exports in the winter months of December, January, and February and a very small
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TABLE 4.2-9

Ly

Electricity Generation BykMonth in 1990:
Reference Case - Diverging Gas Prices
(million KWH)

Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec

Own-Load Operation |
COA 522 401 432 465 588 718 837 849 686 573 481 472

LCRA | 717 539 547 520 607 755 870 834 713 595 575 586

CPSB 914 762 873 952 1175 1370 1538 1519 1272 1079 892 880

HL&P 4562 3782 4144 4213 4890 5307 5664 5640 5027 4786 4125 4025
. TUEC - 8163 6334 6780 6366 7695 9087 10259 10073 8582 7149 6838 - 7012
73" C&SW 1906 1633 1733 1865 2126 2347 2405 2712 2202 1794 1675 1654
% Pool Operation
g COA . 829 598 574 490 721 845 876 1015 .779 571 425 721
% LCi{A 1166 955 844 810 814 952 1089 1211 982 579 593 698
§ CPSB 876 623 679 698 986 1043 1134 1302 1111 844 1018 843
g' ' HL&P 5941 5194 6032° 6486 6689 7029 8124 8001 6709 5899 5617 5235
§_ TUEC 5925 4643 4755 4023 5892 7310 7733 7450 6704 6223 - 5535 5358
g C&SW 2048 1438 1624 1875 1980 2404 2617 2648 2198 1680 1398  1775-
53



TABLE 4.2-10
Electricity Generation By Month in 1990:

Reference Case - Converging Gas Prices
(million KWH)

Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec

Own-Load Operation _
COA 522 401 432 465 588 718 837 849 686 573 481 472

SHNS2Y pup Suondunssy asno) U2y

LCRA 717 539 547 520 607 755 870 834 713 595 - 575 586
CPSB 914 762 873 952 1175 1370 1538 1519 1272 1079 892 880
HL&P 4562 3782 4144 4213 4890 5307 5664 5640 5027 4786 4125 4025
TUEC 8163 6334 6780 6366 7695 . 9087 10259 10073 8582 @ 7149 6838 7012
C&SW 1906 1633 1733 1865 2126 2347 2405 2712 2202 1794 1675 1654

Pool Operation _
COA 1016 473 406 403 584 707 754 840 697 567 387 625

LCRA 1278 906 833 758 682 834 1010 1089 865 688 503 626
CPSB 4545 925 1296 1102 1459 1635 1666 1837 1550 1276 1536 1145
HL&P ERR 3995 4234 5073 5358 5615 65'27 6594 5451 4771 4351 4312
TUEC 7414 5777 61 80 5049 6954 8178 8821 8527 7622 7034 6317 6121
C&SW 1958 1375 1560 1996 2044 2614 2795 2740 2298 - 1639 1492 | 1800
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Figure 4.2-5 1990 Net Monthly Interchange :
City of Austin
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Figure 4.2-6 1990 Net Monthly Interchange :
Lower Colorado River Authority
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Figure 4.2-7 1990 Net Monthly Interchange :
City of San Antonioc
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amount in the shoulder month of September. Its net imports reach a peak during July and
November. COA’s ability to export during the winter months reflects it relatively low

heating load and system load factor.

LCRA, under either gas price scenario, has both a low gas price and available capacity
reserves and is a net exporter from January to September and in December. In October,
LCRA is a small net importer assuming diverging fuel prices, but switches to a net
exporter. In November, the situation is reversed. The monthly average of LCRA’s net
export from January through September is approximately 50% higher than the average
net export of COA, a utility of similar size and location but with much different load

patterns.

Under either gas price scenario, C&SW shows a mixed pattern of imports and exports. In
general, the model results show net exports in the summer and winter peak months, but
net imports in the spring and fall. This is apparently the result of the maintenance
scheduling done by the model. In actuality, each of the four operating companies, only
two of which are in ERCOT, prepare their own maintenance schedules which are
reviewed by C&SW to insure that there is adequate capacity at all times for the
centralized operation of the system. On an annual basis, however, the level of net

imports/exports is low compared to C&SW’s total load.

The monthly results for CPSB, depending on which gas price scenario is chosen, show
consistenct within each scenario but divergence between them. Under the assumption of

diverging gas prices, CPSB’s relatively high gas price and moderate capacity reserves

cause it to import relatively constant quantities of energy in every month except

November. However, when converging natural gas prices are assumed, the availability

of relatively efficient capacity dominates and it exports in every month of the year. This
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is also demonstrated in the alternative fuel price scenarios in Chapter 5, whcre‘ CPSB is a

net exporter in some cases and a net importer in others.

4.2.4 Fuel Savings

One of the reasons to engage in bulk power transactions is to utiliie fuel more efficiently
by displacing less economical generation with more economical generation.  Small
isolated systems are less flexible in the choice of generating units. For example, as
shown in Appendix C assuming diverging gas prices, the coal units of COA are used at
only a 67 percent capacity factor uhder own-load operation in 1990 and a 76 percent
capacity factor under pool operation. For the same year, assuming converging fuel
prices, these units are used at only a 66 percent capacity factor under own-load operation

in 1990 and a 78 percent capacity factor under pool operation.

The comparison of fuel consumption between own-load and pool operations for 1990 and
1995 are presented in Tables 4.2-11 through 4.2-14. For either of the gas price
assumptions, the coordinated éperaﬁon does not result in any significant change in the
total amount of fuel consumption. However, the direction of the small changes as shown
in these tables for both sfudy years form a consistent pattern with slight increases in total
BTU for diverging gas prices and slight decreases in total BTU for converging fuel
prices. The reason for this difference is the result of differing combinations of inter-fuel
and intra-fuel substitution based on price differentials and the efficiency of different
types of generating units. In general, natural gas units have lower heat rates than units
with coal or lignite as their primary fuel so inter-fuel substitution from gas fired to solid
fuel units produces an increase in total BTU requirements to produce the same amount of
electricity. In the case of divérging fuel prices, intra-fuel substitution from an exporting

utility’s gas units for an importing utility’s gas units cari occur economically even if the
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TABLE 4.2-11

Fuel Consumption in 1990:
Reference Case - Diverging Gas Prices

(billion BTU)

Gas Coal  Lignite Oil  Nuclear Total
Own-Load Operation |
COA 15,128 33,813 0 0 23,529 72,470
LCRA 22,109 56,048 0 0 0 78,157
CPSB o 39,132 57,023 0 0 40,532 136,687
HL&P 257,518 89,610 92,720 0 45,116 484,965
TUEC 405933 0 409,681 226 128464 944304
C&SW 123,024 80,343 0 12 37,503 240,882
Total 862,845 316,837 502401 238 275,145 1,957,466
Pool Operation
COA 25,476 37,810 0 0 23,801 87,087
LCRA 43987 64,273 0 0 0 108,260
CPSB 15,233 58,511 0 0 41,652 115,395
HL&P 422,581 126,990 96,751 0 45817 692,139
TUEC 174,770 0 414941 226 128,477 718,414
C&SW 123,995 76,330 0 8 37,487 237,820
Total 806,042 363914 511,692 233 277,234 1,959,115
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TABLE 4.2-12

Fuel Consumption in 1990:
Reference Case - Converging Gas Prices

(billion BTU)
Gas  Coal Lignite O  Nuclear Total
Own-Load ration
COA 15,524 33,311 0 0 23,529 72,365
LCRA 19,924 58,556 0 0 0 78,481
CPSB 41,858 53,624 0 0 40,532 136,014
HL&P . 234993 111,618 92,720 0 45,116 484,447
TUEC 406,196 0 - 409,701 226 128,464 944,588
C&SW 121,855 79,737 0 12 37,499 239,102
“Total ‘ 840,350 336,846 502,421 238 275,140 1,954,996
Pool ration
COA 9,068 38,525 0 0 23,798 71,391
LCRA 32,628 65,363 0 0 0 97,991
CPSB 67,409 60,913 0 0 41,647 169,969
HL&P 262829 118981 96437 0 45812 524,059
TUEC | 291,925 0 414275 226 128,455 834,881
C&SW 126,515 78,034 0 8 37,482 242,039
Total 790,374 361,817 510,712 233 277,195 1,940,330
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TABLE 4.2-13

Fuel Consumption in 1995:
Reference Case - Diverging Gas Prices

’ (billion BTU)

Gas  Coal Lignite Oil Nuclear Total
Own-Load Operation
COA 30,682 37,623 0 0 23,791 92,096
LCRA 22,884 79,466 0 0 0 102,349
CPSB 28,195 106,971 0 0 41,178 176,343
HL&P 252,502 134375 182,058 0 45,843 614,778
TUEC 361,203 38,155 554,156 348 127,508 1,081,370
C&SW 156,682 92,585 0 39 37,507 286,813
Total 852,147 489,175 736,214 387 275,826 2,353,750
Pool Operation
COA 33,443 38,703 0 0 23,803 95,949
LCRA 40,721 81215 0 0 0 121,935
CPSB 27,089 123,970 0 0 41,655 192,714
HL&P 397,997 147,201 180,820 0 45,820 771,838
TUEC - 179,912 23835 573,905 386 128,382 906,420
C&SW 145,812 88,556 0 8 37,489 271,865
Total 824,974 503480 754,725 393 277,149 2,360,722
4-84 Reference Case Assumptions and Results
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TABLE 4.2-14

Fuel Consumption in 1995:
Reference Case - Converging Gas Prices

(billion BTU)
Gas Coal  Lignite Oil  Nuclear ' Total
Own-Load Operation |
COA 30,683 37,623 0 0 23,791 92,097
LCRA 22,882 79466 0 0 0 102,348
CPSB 28,195 106,971 0 0 41,178 176,343
HL&P 246,909 140,900 182,058 0 45843 615,710
TUEC 381454 13,486 555,735 388 127,734 1,078,797
C&SW 154,845 92,597 0 39 37,507 284,987
Total 864,968 471,042 737,793 427 276,051 2,350,282
Pool ration
COA 23,117 38,581 0 0 23,803 85,500
LCRA 28,043 - 81,014 0 0 0 109,057
CPSB 70,316 124,133 0 0 41,655 236,104
HL&P 263447 145204 180,611 0 45820 635,081
TUEC 299,038 5729 574,328 366 128,387 1,007,849
C&SW 142,234 88,239 0 8 37,489 267,970
Total 826,195 482,899 754,939 373 277,155 2,341,562
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heat rate of the expdrtin_g, utiiity’s units is greater than the heat rate of the importing
utility’s units, provided that the exporting utility’s gas price is sufficiently lower than the
importing utility’s gas price. In Suth a situation, the total BTU requirement can also
increase. However, in the corxverging gas price case (every utility‘has the same gas
price), intra-fuel substituﬁon will only occur when the exporting utilitY’s gas units have
heat rates which are absolutely lower than the irnponing'uﬁﬁty’s gas units. In that
situation, the gas BTU requirement must ‘fall, and when that decrease exceeds the
increase attributable to inter-fuel substitution, the total BTU requirement will also
decrease. Obviously, the presence of inter-fuel substitutiori is a complicating factor, but

the 1990 and 1995 results are consistent with the program 1ogic.'

As mentioned earlier, coal, 1ignite, and nuclear units are usually less technically efficient
than gas units and need more heat to generate the same amount of electricity. However,
these units typically use less scarce fuels which are more than proportionally cheaper
than natural gas. In the long run, the supply of natural gas is expected to be more limited
than coal, lignite, and rruclear fuels, and the displacement of natural gas with more
abundant and less expensive fuels is a logical and econonﬁoal choice. Figures 4.2-11
through 4.2-14 show a reduction in gas consumption by the utilities as a result of
coordinated operation during the study ‘years for both reference cases. These figures only
show the shift from natural gas to coal, lignite, and nuelearfuels. Cogeneration and
hydroelectric generation each have constant output under both own-load and coordinated

operation and, therefore, are omitted from the figures.

It should be noted that the natural gas savings discussed here do not take into

consideration the potential use of cogeneration as a substitute for conventional

generation. As mentioned in chapter 3, the fuel chargeable to power associated with a

typical cogeneration facility implies an effective electric heat rate of 7,645 BTU/KWH.
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Figure 4.2-11 1990 Fuel Consumption Pattern :
Reference Case - Diverging Gas Prices
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Figure 4.2-12 1990 Fuel Consumption Pattern :
Reference Case - Converging Gas Prices
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Figure 4.2-13 1995 Fuel Consumption Pattern :
Reference Case - Diverging Gas Prices
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Figure 4.2-14 1995 Fuel Consumption Pattern :
Reference Case - Converging Gas Prices
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The electrical energy produced by cogenerators at this effective heat rate is given in
Tables 4.2-5&6 and 4.2-7&8 for 1990 and 1995, respectively. The energy 1isted in the .
column labeled "Other" for HL&P and TUEC in these tables identify cogenerated energy.
These data indicate that 17,526 million KWH and 19,264 million KWH are produced by
cogenerators in the years 1990 and 1995, respectively. Assuming this cogeneration
displaces utility generation which operates at 10,000 BTU/KWH, the fuel savings due to
cogeneration are (10.0-7.645)x17,526 = 41,274 billion BTU in 1990 and (10.0-
7.645)x19,264 = 45,367 billion BTU in 1995. These fuel savings amount to 4.8% of the
gas burned in 1990 and 5.3% of the gas burned in 1995 under diverging fuel prices; or

4.9% and 5.5%, respectively, under converging fuel prices.

4.2.5 Transmission limitations

Under noﬁnal operating éonditions, the model results indicate that the transmission
system is marginally adequate for ERCOT to take full advantage of opportunities for the
higher levels of exchange of power associated with the reference cases assuming
diverging fuel prices. However, uansactions‘may exceed the practical limits of the
system due to inadequate msérved capacity to maintain the reliability and stability of the
system. One of ERCOT’s fundamental concerns is that the capacity of the current and
planned transmission system is designed to maintain the reliability of the ERCOT pool
and, therefore, its ability to handle transactions for economic purposes is limited. The
transmission capacity which appeérs to be available for transactions is reflected in the
ERCOT loadflow reports that show very few lines loaded near their full capacities under
projected normal conditions or at the lower transactions levels projected under
converging fuel price assumptions. In contrast, the MAPS/MWFLOW model attempts to
ship all available economical power which results in the loading of some lines to their

full thermal capacities for a prolonged period, as indicated by the COA/LCRA loadflow
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analysis of the earlier base case for 1990. As discussed elsewhere, another limitation of
the model is that it only deals with real, and not reactive, power. In effect, this assumes
that there are cost free technical solutions for any reactive problems associated with

higher line loading.

Tables 4.2-15 and 4.2-16 shows the list of monitored lines and their capacity limits used
in the 1990 reference éascs. The model compares these limits with the calculated loads
during the year and calculates the percentage of time that certain load levels are attained.
The last five columns of the table shows the cumulative percentage time that the
monitored lines carry the load levels during the year. Under normal operating conditions,
as expected in the reference cases, no lines appear to be overloaded. Actually, the
majority of the monitored lines carry no more than 50 percent of their rating most of the
time. However, there are some lines, such as Gideon 138/Austiop 138, which are utilized

at full capacity for as long as 37 percent of the time. These lines may become critical
| elements and require reinforcement or upgrading to maintain the reliability of the

network.

Under ERCOT’s reliability criteria which consider the loading of the transfnission system
under contingency conditions, high levels of bulk power transactions (such as those
associated with the diverging gas prices) on the transmission system may not leave
enough transmission capacity reserve margin in the event of an emergency. The
philosophy of having reserve ‘capacity for a transmission system is similar to that of a
generation system. Not having adequate reserves could cause serious consequences for
the system. For example, if all the lines linking TUEC and HL&P were loaded at or near
their full capacities, a sudden outage of a large generating unit in the TUEC service area
would instantaneously cause power to be drawn from the ERCOT grid to compensate for

the loss. At this instant, operators do not have immediate control over the system
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Ky TABLE 4.2-15
S _
S Load Carried by Monitored Lines in 1990
] Reference Case - Diverging Gas Prices
(@) .
8 Loadflow Data Line - Line Loading
a Line From Bus To Bus Rating Under Over
a No No. Name No. Name Company MWwW) ' 20% 50% 80% 100% 100%
R ‘
g, 7 29 BONVILY9 39 HEARNEY TMPP - TMPP 31 4.0 62.2 337 0.1 0.0
% 13 33 WTSNCS8 3392 JEWETT 138 TMPP - TMPP 81 18.9 316 495 0.0 0.0
: 14 39 HEARNEY9 35 HEARNES TMPP - TMPP 40 00 00 375 625 0.0
: a 17 65 SILCTY9 39 HEARNEY TMPP - TMPP 36 0.1 355 62.7 1.7 0.0
N 48 126 POAGE 9 134 SEATONY9 TMPP - TMPP 35 0.0 304 68.7 09 0.0
g 155 523 DICYS9 545 RENO 9 - TMPP - TMPP 31 : 0.0 16.6 834 0.0 0.0
53 243 816 OLINGRD 818 OLINGRC TMPP - TMPP 100 00 00 1000 0.0 0.0
242 826 CASTLED 8§14 NEWMAND TMPP - TMPP 60 0.0 0.0 1000 0.0 0.0
320 1010 PERBASIN 138 1019 MOSS 138 TUEC - TUEC 143 85.5 14.2. 03 00 0.0
324 1010 -PERBASIN 138 1103 SANDHLT 138 TUEC - TUEC 143 89.7 104 0.0 0.0 0.0
326 1010 PERBASIN 138 1141 HOLT SS 138 TUEC - TUEC 143 74.6 245 09 0.0 0.0
341 1023 MID EAST 138 1116 WINDWOOD 138 TUEC - TUEC 96 0.0 394 57.6 3.0 0.0
351 1027 ODEHV 138 1121 GLENHAVN 138 TUEC - TUEC 143 26.5 68.5 50 0.0 0.0
360 1032 MRGN CRK 138 1033 MRGN CRK 69 TUEC - TUEC 60 66.9 33.1 0.0 0.0 00
362 1032 MRGN CRK 138 1318 CHINAGRYV 138 TUEC - TUEC 143 64.0 36.0 0.0 0.0 0.0
363 1032 MRGN CRK 138 1318 CHINAGRYV 138 TUEC - TUEC 143 63.5 36.5 0.0 0.0 0.0
384 1074 WINK SS 138 1159 N ANDREW 138 TUEC - TUEC 96 73.7 254 0.9 0.0 0.0
385 1075 WINK SS 69 1254 ODBASSS 69 TUEC - TUEC 24 90.3 9.7 00 0.0 0.0
405 1122 ODESSA N 138 1123 ODESSA N 69 TUEC - TUEC 75 0.0 589 40.7 04 0.0
433 1210 MIDKIFF 138 1211 MIDKIFF 69 TUEC - TUEC 45 93 . 90.7 00 0.0 0.0
438 1305 SNYDER 138 1306 SNYDER 69 TUEC - TUEC 50 04 964 33 0.0 0.0
451 1322 BIG SPG 138 1332 COSDEN 138 TUEC - TUEC 155 71.8 13.0 15.1 0.0 0.0
357 1430 GRAHAMP 345 1030 MRGN CRK 345 TUEC - TUEC 717 76.6 234 0.0 0.0 0.0
358 14300 GRAHAM P 345 1030 MRGN CRK 345 TUEC - TUEC 526 47.7 523 0.0 0.0 0.0
s 494 1430 GRAHAM P 345 1436 PARKER 345 TUEC - TUEC 17 528 472 0.0 0.0 0.0
£ , _
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TABLE 4.2-15 (continued)

Load Carried by Monitored Lines in 1990

Reference Case - Diverging Gas Prices

Loadflow Data ‘Line Line Loading
Line From Bus To Bus Rating Under Over
No. No. Name No. Name Company MW) 20% 50% 80% 100% 100%
495 1430 GRAHAM P 345 1436 PARKER 345 TUEC - TUEC M7 52.8 472 0.0 0.0 0.0
503 1436 PARKER 345 1900 COM PEAK 345 TUEC - TUEC 717 20.7 182 494 11.8 0.0
551 1576 MINWLS 138 1571,  ORAN 138 TUEC - TUEC 124 0.0 0.3 99.7 0.0 0.0
573 1636 DUBLIN 138 1637 DUBLIN 69 TUEC - TUEC 25 0.5 414 581 0.0 0.0
577 1640 LNGLVLM138 1641 STPHVIL 138 TUEC - TUEC 84 32 222 746 0.0 0.0
568 1640 LNGLVL M 138 1624 LEON 138 TUEC - TUEC 84 7.1 31.7 61.1 0.0 0.0
592 1691 VALLEY 138 1758 PAYNE 138 TUEC - TUEC 214 2.6 90.7 6.8 0.0 0.0
642 1860 EAGLE MT 138 1957 SAGINAW 138 TUEC - TUEC 143 757 243 0.0 0.0 0.0
643 1860 EAGLE MT 138 1957 SAGINAW 138 TUEC - TUEC 105 93 74.5 16.0 0.2 0.0
649 1873 BENBRK 345 1800 DECORDVA 345 TUEC - TUEC 717 222 546 233 0.0 0.0
o) 651 1874 BENBRK A 138 1955 CALMONT 138 TUEC - TUEC 210 0.1 335 55.3 11.1 0.0
'ﬁ, 654 1875 BENBRKB 138 2164 HEMPHILL 138 TUEC - TUEC 143 20 450 457 73 0.0
« 834 2385 NLAKE 138 2380 CLTNW 138 TUEC - TUEC 224 96.2 38 0.1 0.0 0.0
3 835 2385 NLAKE 138 2380 CLTNW 138 TUEC - TUEC 214 953 . 44 0.3 0.0 0.0
g 861 2406 - NORWD 345 2407 NORWDDPL 138 TUEC - TUEC 450 0.2 353 55.5 90 00
) 934 2461 ROYSE 345 2462 ROYSE 138 TUEC - TUEC - 450 03  89.1 10.6 0.0 0.0
N 943 2466 ALLEN SS 345 . 2467 ALLENSS 138 TUEC - TUEC 450 0.0 78.1 219 0.0 0.0
g 949 2468 RENER 345 2470 RENERTPL 138 TUEC - TUEC 450 - 00 750 250 0.0 0.0
& 1004 2756 MSQTE 138 2754 MSQTW 138 TUEC - TUEC 326 1.7 98.3 0.0 0.0 0.0
*§ 1053 3118 LUFKINSS 138 3340 LUFKIN 138 TUEC - TUEC 48 54 19.5 327 424 0.0
%‘- 1062 3125 TDADTR 3126 TDADG6G TUEC - TUEC 265 98.4 1.0 0.5 0.1 0.0
8 1063 3125 TDADTR 3127 TRINIDAD 138 TUEC - TUEC 265 0.2 51.7 465 1.6 0.0
8 1104 3354 CROCKETT 138 3392 JEWEIT 138 TUEC - TUEC 84 19.2 412 36.6 3.0 0.0
8, 1107 3380 BIGBRN 345 3390 JEWETT S 345 TUEC - TUEC 956 335 57.8 8.6 0.0 0.0
g - 1108 3380 BIGBRN 345 3391 JEWETT N 345 TUEC - TUEC 956 20.8 508 28.4 0.0 0.0
< .
g (continued)
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@’: TABLE 4.2-15 (continued)

a

‘;‘ Load Carried by Monitored Lines in 1990

a Reference Case - Diverging Gas Prices

Q

'% Loadflow Data Line Line Loading

a Line From Bus To Bus S Rating Under Over

2 No. No. Name No. Name Company ‘ M™MWwW) 20% 50% 80% 100% 100%

s .

g. 1142 3410 LAKECRK 138 3436 WACOW 138 TUEC - TUEC 210 37 87.0 9.2 0.0 0.0

S 1143 3410 LAKECRK 138 3438 WACOE 138 TUEC - TUEC 210 25 85.9 11.6 0.0 0.0

: 1140 3414 TEMP SS 345 3409 LAKE CRK 345 TUEC - TUEC 956 91.0 9.0 0.0 0.0 0.0

g_ 1131 3414 TEMP SS 345 3405 T HOUSE 345 TUEC - TUEC 956 90.0 10.0 0.0 0.0 0.0

Ny 1158 3429 SANDOW 345 3430 SANDOW 138 TUEC - TUEC 450 22,6 159 61.4 0.0 0.0

S 1162 3430 SANDOW 138 3650 ELGIN SS 138 TUEC - TUEC 84 15.2 35.5 337 15.6 0.0

§- 1192 3627 KILLFHT 138 3629 KILL FHW 138 TUEC - TUEC 124 54.6 452 02 0.0 0.0
1209 3669 RNDRK WH 138 3668 RNDRK 138 TUEC - TUEC 124 452 45.7 9.1 0.0 0.0
1217 3683 MINERVA 138 3684 MINERVA 69 TUEC - TUEC 30 0.1 11.8 60.0 28.2 0.0
1230 4009 ALIEF 8138 4487 WAP 8138 HLP - HLP 337 12.2 46.1 = 359 5.7 0.0
1258 4039 BAMMEL 8 138 4467 N BELT 8 138 HLP - HLP 337 100.0 0.0 0.0 0.0 0.0
1303 4067 BADSCH 8 138 4714 VLASCO 8 138 HLP - HLP 168 11.8 87.0 1.2 0.0 0.0
1331 4112 CEDARP 5 345 4383 KING 5345 HLP - HLP 872 42 220 445 294 0.0
1341 4133 HOCA9 69 4135 HOC 8138 HLP - HLP 128 40.1 59.8 0.1 0.0 0.0
1391 4219 ELDORA 8 138 4546 PHR S8138 HLP - HLP 337 0.0 474 526 0.0 0.0
1466 4323 - HUMBLE 8 138 4685 TRSWIG 8 138 HLP - HLP 168 13.7 414 44 4 04 0.0
1492 4463 NATCYL 8 138 4487 WAP 8138 HLP - HLP 337 21.8 54.1 241 0.0 0.0
1516 4675 TOMBAL 8 138 4507 PINHUR 8 138 HLP - HLP 337 100.0 0.0 0.0 0.0 0.0
1558 4675 TOMBAL 8138 4676 TOMBAL S 345 HLP - HLP 600 99.1 0.9 0.0 00 00
1551 4684 TEXGLF8 138 4620 S LANES§ 138 HLP - HLP 168 13.2 65.6 213 00 0.0
1574 4740 WHITOKES 138 4741 WHITOK 9 69 HLP - HLP 100 71.1 28.9 0.0 0.0 0.0
1656 5211 HILL CTY 345 5915 SO TEXS 345 CPSB - CPSB 1076 325 672 04 0.0 0.0
1660 5225 HONDO 138 5819 HONDOCRS CPSB - CPSB 81 90.4 9.6 0.0 0.0 0.0
1690 5371 SKYLINE 345 5370 SKYLINE 138 CPSB - CPSB 480 46.6 48.2 53 0.0 0.0
1691 5371 SKYLINE 345 5370 SKYLINE 138 CPSB - CPSB 480 46.6 48.2 53 0.0 0.0

(continued)
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Load Carried by Monitored Lines in 1990
Reference Case - Diverging Gas Prices

Loadflow Data : Line Line Loading

Line From Bus ) To Bus Rating Under Over

No. No Name No. Name Company MW) 20% 50% 80% 100% 100%

1692 5435 TUTTLE 138 5376 SKYLINE 138 CPSB - CPSB 478 342 64.8 1.0 0.0 0.0

1957 6232 ABMULCK4 138 6235 ABMULCK7 345 WTU - WIU 250 89.3 10.7 0.0 0.0 0.0

2108 7000 FERGSNGN 7126 < FERGUSNS 138 LCRA -LCRA 480 55.1 10.2 34 312 0.0

2111 7006 GID GEN3 7310 GIDEON 8 138 LCRA - LCRA 380 338 38 233 39.1 0.0

2112 7010 FPP GENI 7056 FPP5 345 LCRA - LCRA 600 16.3 6.3 20.5 57.0 0.0

2114 7012 FPP GEN3 7056  FPPS 345 LCRA - LCRA 2114 16.3 10.3 25.7 47.6 0.0

2129 7040 AUSTROPS 345 7328 AUSTROPS 138 LCRA - LCRA 2129 53.8 46.2 0.0 0.0 0.0

2127 7042 ZORNS 345 7040 AUSTROPS 345 LCRA - LCRA 2127 99.5 0.5 0.0 0.0 0.0

2144 7064 LAMPSASS 138 7061 COPP CV8 138 LCRA-LCRA 2144 74.9 25.0 0.1 0.0 0.0

2145 7064 LAMPSASS 138 7070 GOLDTWTS 138 LCRA - LCRA 2145 24.1 28.3 385 8.1 1.0

= 2166 7107 WIRTZ9 69 7110 WIRTNUTI! LCRA - LCRA 2166 473 203 324 0.0 0.0

i:b 2170 7119  PITSBRGYI 69 .7114 CASTELL9 69 LCRA - LCRA 2170 40.6 36.7 22.7 0.1 0.0

s 2203 7178 MARION 8 138 7176 COMAL S8 138 LCRA -LCRA 2203 53 921 26 0.0 0.0

§ 2204 7178 MARION 8 138 7176 COMAL 8 138 L.CRA - LCRA 64 0.6 423 56.2 1.0 0.0

A 2215 7192 SANMRCSS 138 7200 CANYON 8 138 LCRA - LCRA 101 28.2 61.9 99 0.0 0.0

8 2221 7200 CANYON 8138 7498 BUDAS8 138 LCRA - LCRA 10t 62.8 372 0.0 0.0 0.0

N 2224 7202 HICROSSS 138 7498 BUDA S 138 LCRA - LCRA 101 70.0 27.0 3.0 0.0 0.0

5 2255 7264 PETERS 8 138 7270 BELVILES 138 LCRA -LCRA 171 436 46.8 9.6 0.0 0.0

§ 2258 7286 FAYETS8 138 7270  BELVILES 138 LCRA -LCRA 171 94.8 52 0.0 0.0 0.0

S 2284 7310 GIDEON 8 138 7328 AUSTROPS 138 LCRA - LCRA 171 43 320 26.8 37.0 0.0

S 2285 7310 GIDEON 8 138 7328 AUSTROPS 138 LCRA - LCRA 171 11.6 323 56.1 0.0 0.0

8 2299 7350 MORMON 8 138 7352 LAGOVSTS 138 LCRA - LCRA 171 88.8 11.2 0.0 0.0 0.0

8 2355 8121 BLESSNGH4 138 8127 L.CITYMA4 138 CPL - CPL 161 89.5 10.5 0.0 0.0 0.0

g‘ 2353 8123 BLESSNGS6 345 8121 BLESSNG4 138 CPL - CPL 600 24.0 71.2 4.7 0.0 0.0

g 2354 8125 LOLITA 4138 8121 BLESSNG4 138 CPL - CPL 216 50.0 46.1 39 0.0 0.0
&
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Ay TABLE 4.2-15 (continued)

> ‘

g Load Carried by Monitored Lines in 1990

o Reference Case - Diverging Gas Prices

Q

> Loadflow Data | Line Line Loading

> Line From Bus To Bus Rating Under Over

2 No, No. Name No. Name Company Mw) 20% 50% 80% 100% 100%

3 .

E_ 2375 8152 CARB-SD4 138 8144  AIRCO 4138 CPL - CPL 161 10.7 74.1 15.3 00 0.0

g 2387 8162 COLETO 4 138 8186 KENDYSW4 138 CPL - CPL 216 185 580 235 0.0 0.0

a 2399 8172 VICTRA 4138 8183 THOMSTN4 138 CPL - CPL 216 443 46.0 9.7 0.0 0.0

g._ 2400 8172 VICTRA 4138 8452 LNHILL 4 138 CPL - CPL 127 42 .8 571 0.2 0.0 0.0

~ 2405 8183 THOMSTN4 138 8192 CLCRA4138 CpL - CPL 216 46.1 4.7 9.2 0.0 0.0

o 2407 8184 KENDYSW2 69 8188 KENEDY 2 69 CPL - CPL 41 <231 744 25 0.0 0.0

§- 2428 8214 ARTESIA2 69 8280 ASHERTN2 69 CPL - CPL 41 99.7 0.3 0.0 0.0 0.0

2 2440 8234 UVALDE 4138 8246 ASPHALT4 138 CPL - CPL 82 30.7 64.1 5.2 0.0 0.0
2445 8246 = ASPHALT4 138 8252 BRACKVIA 138 CPL - CPL ‘ 82 34.1 61.9 40 0.0 0.0
2455 8274 CNC.W T4 138 8283 ASHERTN4 138 CPL - CPL. 82 248 68.1 71 0.0 0.0
2457 8283 ASHERTN4 138 8293 LAREDO 4138 CPL - CPL 127 82.0 17.8 0.3 00 - 00
2464 8293 LAREDO4 138 8297 BRUNI 4138 CPL - CPL 82 517 483 0.0 0.0 0.0
2466 8297 BRUNI 4138 8510 FALF 4138 CPL - CPL 82 221 719 0.0 0.0 0.0
2468 8300 RAYVILE2 69 8302 RAYVILE4 138 CPL - CPL 37 0.0 57.1 41.4 15 0.0
2475 8310 LAPALM?2 69 8314 LAPAILM 4138 CPL - CPL 93 0.1 90.4 9.6 0.0 0.0
2476 8310 LAPALM2 69 8314 LAPAIM 4138 CPL - CPL 93 0.0 85.1 14.9 0.0 0.0
2534 8392 BATES 4138 8399 GARZA 4138 . CPL - CPL 82 89.5 10.5 0.0 0.0 0.0
2467 - 8395 FALCON4138 8299 ZAPATA 4138 - CPL - CPL 82 78.3 21.8 0.0 0.0 0.0
2535 8395 FALCON4138 8399 GARZA 4138 CPL - CPL 82 100.0 0.0 0.0 0.0 0.0
2537 8403 T.RIVR 4138 8400 T.RIVR2 69 CPL - CPL 37 23 92.2 54 0.0 0.0
2631 8500 ALICE 2 69 8505 FREER 2 69 CPL - CPL 41 10.1 88.3 1.6 0.0 0.0
2568 8439 NBAY 2 69 8468 HIWAY92 69 CPL - CPL 58 624 344 32 0.0 0.0

- 2569 8439 NBAY 2 69 8871 AVRYPIL-2 69 CPL - CPL 71 69.1 309 0.0 0.0 0.0

2657 9073 HOLMAN 345 9074 LYTTON 345 COA - COA 1075 0.1 55.8 434 0.8 0.0

N 2682 9124 KINGSBRY 138 9125 KINGSBRY 69 COA - COA 220 843 15.7 0.0 0.0 0.0

\3 (continued)
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Load Carried by Monitored Lines in 1990
Reference Case - Diverging Gas Prices

_Loadflow Data o Line Line Loading_

Line From Bus ToBus_ ' Rating Under Over

No. No. Name . No. Name Company MW) 20% 50% 80% 100% 100%

2686 9124 KINGSBRY 138 92901 WHELESS 138 COA - COA 350 91.6 84 0.0 0.0 0.0

2689 9128 NORTHLND 138 9129 NORTHLND 69 COA - COA : 220 348 645 06 0.0 0.0

2697 9132 SEAHOLM 138 9287 WARREN 138 COA - COA 215 100.0 0.0 0.0 0.0 0.0

2678 9147 HICROSS 138 9120 - BURLESON 138 COA - COA - 215 46.1 53.8 0.1 0.0 0.0

2718 9187 DECKER 138 9271 SPRINKLE 138 COA - COA 430 91.3 8.7 0.0 0.0 0.0

2666 9271 SPRINKLE 138 9079 MCNEIL 138 COA - COA 430 97.3 2.8 00 00 0.0

1112 3390 JEWETT S 345 4401 LIMESTS5345 =  TUEC -HLP 1300 29.5 705 = 00 0.0 0.0

1113 3390 JEWETT S 345 4737 THW 5345 TUEC - HLP 762 20.7 483 31.0 0.0 0.0

1116 3391 JEWETT N 345 4401 LIMEST 5 345 TUEC - HLP 1300 100.0 0.0 00 00 0.0

1117 3391 JEWETT N 345 4676 TOMBAL 5 345 TUEC - HLP 850 27.8 59.5 12.7 0.0 0.0

> 1124 3400  TWIN OAK 345 4401 LIMEST 5 345 TUEC -HLP = 1300 258 736 0.6 0.0 0.0

'ﬁs 1125 3400 TWIN OAK 345 4401 LIMEST 5 345 TUEC -HLP . 1300 25.8 736 - 0.6 0.0 0.0

S 1126 3400 TWIN OAK 345 4562 SALHLP 5 345 "TUEC - HLP 1300 - 826 174 0.0 0.0 0.0

§ ‘ 1127 3400 TWIN OAK 345 4737 THW 5345 TUEC -HLP 850 456 543 0.0 0.0 0.0

A 1109 3386 NAVAR SS 345 4401 LIMEST 5 345 TUEC - HLP 1650 114 69.4 19.3 . 0.0 0.0

8 1110 3386 NAVAR SS 345 4401 - LIMEST 5 345 TUEC - HLP 1650 11.4 69.4 19.3 0.0 0.0

N 1061 3124 TRINDAD?2 345 4428 MALKOF5345  TUEC - HLP 1650 100.0 0.0 0.0 0.0 0.0

; "~ 1075 3130 FOR GROV 345 4428 MALKOF 5345 TUEC - HLP 1650 100.0 0.0 0.0 0.0 0.0

§ 327 1010 PERBASIN 138 6655 BARRILA4 138 TUEC - WTU 158 96.5 35 0.0 0.0 0.0

| 457 1339 ESKOTA 138 6260 ABSOUTH4 138 TUEC - WTU 65 184 48.1 29.7 3.8 0.0

S 462 1340 ESKOTA 69 6247 TRENT 2 69 TUEC - WTU 33 70.3 297 0.0 0.0 0.0

8 475 1398 RADIUMM 138 6180 RADIUM?2 69 TUEC - WTU 63 92.4 1.6 0.0 0.0 0.0

8 487 1425 FISHRDSS 345 6100 OKLAEHV7 345 TUEC - WTU 1072 63.2 36.1 0.6 0.0 0.0

§~ 542 1538 ELECTRA 69 6075 WAGONER2 69 TUEC - WTU 33 71.6 28.4 0.0 0.0 0.0

§ 569 1624 LEON 138 6310 PUTTAP 4138 TUEC - WTU 84 40.1 59.1 0.8 0.0 0.0
&
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TABLE 4.2-15 (continued)

Load Carried by Monitored Lines in 1990

Reference Case - Diverging Gas Prices

Loadflow Data Line Line Loading_ '

Line From Bus To Bus Rating Under Over
No. No. Name No. Name Company MW) 20% S0% 80% 100% 100%
571 1625 LEON2 69 6311 CISCO 2 69 TUEC - WTU 33 558 442 0.0 0.0 0.0
540 1533 BOMARTON 69 6107 MUNDAY 2 69 TUEC - WTU S 42 100.0 0.0 0.0 0.0 0.0
467 1371 MURRAY M 138 6161 PTCREEK4 138 TUEC - WTU 155 90.7 9.3 00 . 00 0.0
474 1398 RADIUM M 138 6161 PTCREEKA4 138 TUEC - WTU 149 879 121 0.0 0.0 0.0
359 1030 MRGN CRK 345 6235 ABMULCK7 345 TUEC - WTU 1072 - 850 150 -~ 00 0.0 0.0
496 1430 GRAHAMP 345 6235 ABMULCK?7 345 TUEC - WTU 1072 100.0 0.0 0.0 0.0 0.0
463 1352 CHALK 69 6436 STRLGCO2 69 TUEC - WTU 33 68.6 28.1 33 0.0 0.0
1159 3429 SANDOW 345 7040 AUSTROPS 345 TUEC - LCRA 956 805 196 0.0 0.0 0.0
1160 3429 SANDOW 345 7040 AUSTROPS 345 TUEC - LCRA 1072 854 146 0.0 0.0 0.0
1207 3665 PFLGRVIL 138 7332 . ELGIN 8 138 TUEC -LCRA 214 389 611 0.0 0.0 0.0
1208 3665 PFLGRVIL 138 7334 MCNEIL 8 138 TUEC -LCRA 214 59.3 40.7 0.0 0.0 0.0
1194 3630 COPPERCYV 138 7061 COPP CV8 138 TUEC - LCRA 124 629 338 33 0.0 0.0
584 1655 #BRNWD SS 138 7070 - GOLDTWTS 138 TUEC - LCRA 127 478 513 0.9 0.0 0.0
1212 3672 RNDRK S 138 7334 MCNEIL 8 138 TUEC -LCRA 214 65.2 - 264 8.4 0.0 0.0
1211 3660 RNDRK WH 138 7346 GABRIELS 138 TUEC - LCRA 214 84.4 15.6 0.0 0.0 0.0
1218 3687 - JARRELL 138 7346 GABRIELS 138 TUEC - LCRA 214 99.7 0.3 0.0 0.0 0.0
11 3682 MILANO M 138 32 RBRTSNS§ TUEC - TMPP 84 674 233 8.9 05 0.0
115 1576 MINWL S 138 331 MILLER $ TUEC - TMPP 215 00 00 1000 0.0 0.0
316 1853 ROANOKE 345 988 W.DENTB TUEC - TMPP 1494 100.0 0.0 0.0 0.0 0.0
309 2461 ROYSE 345 970 BENDVB TUEC - TMPP 1016 97.8 22 0.0 0.0 0.0
80 3406 ELM MOTT 345 240 WHITNY 5 TUEC - TMPP 1072 100.0 0.0 00 00 0.0
604 1695 MOSES 345 5925 DC-EAST TUEC - DCSPP 1078 100.0 0.0 0.0 0.0 0.0
1513 4494 PETERS 8 138 7264 PETERS 8 138 HLP - LCRA 340 958 - 42 0.0 0.0 0.0
1540 4562  SALHLP S 345 7058 SALEMS5 345 HLP - LCRA 1000 89.7 103 0.0 0.0 0.0
1552 4620 S LANE 8138 8127 L.CITYM4 138 HLP - CPL 600 99.7 03 0.0 0.0 0.0

(continued)
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TABLE 4.2-15 (continued)

Load Carried by Monitored Lines in 1990

Reference Case - Diverging Gas Prices

: Loadfiow Data Line Line Loading
Line From Bus To Bus Rating Under ‘ Over
No. No. Name No. Name Company MW) 20% 50% 80% 100% 100%
1377 4192 DOW3455 345 5915 SOTEXS5345 HLP - STP 872 82.4 17.6 0.0 0.0 0.0
1507 4488 W AP 5345 5915 SO TEXS 345 HLP - STP 872 68.7 313 0.0 0.0 0.0
304 4383 KING 5345 967 GIBCRKB HLP - TMPP 1300 82.5 17.5 0.0 0.0 0.0
305 4477 OBRIEN S 345 967 GIBCRKB HLP - TMPP 850 59.7 402 0.0 0.0 0.0
1657 5211  HILL CTY 345 7044 MARION 5 345 CPSB -LCRA 1076 98.4 1.6 0.0 0.0 0.0
1695 5371  SKYLINE 345 7044 MARION 5 345 CPSB - LCRA 1076 99.0 1.0 0.0 0.0 0.0
1649 5200 HELOTES 138 7151 CICO 8 138 CPSB - LCRA 215 914 8.6 0.0 0.0 0.0
1670 5260 LEON CR1 138 8203 PLESTN 4138 CPSB - CPL 110 923 7.7 0.0 0.0 0.0
1632 5155 FLORESVI 138 8186 KENDYSW4 138 CPSB - CPL 161 714 282 0.3 0.0 0.0
1696 5371 SKYLINE 345 8455 LNHILL 6 345 CPSB - CPL 1076 99.7 0.3 0.0 0.0 0.0
~ 1656 5211 HILL CTY 345 5915 SO TEXS 345 CPSB - STP 1076 325 67.2 04 0.0 0.0
% 1694 5371 SKYLINE 345 5915 SO TEXS 345 CPSB - STP 1076 299 696 04 0.0 0.0
~ 1660 5225 HONDO 138 5819 HONDOCRS CPSB- STCMEC 81 90.4 9.6 0.0 0.0 0.0
3 2012 6391 FRDONIT2 69 7114 CASTELL9 69 WTU - LCRA 44 573 42.0 0.6 0.0 0.0
g 2014 6392 FREDPHT2 69 7130 GILLSPE9 69 WTU - LCRA 33 509 491 0.0 0.0 0.0
8 2011 6390 MASON4 138 7132  GILLSPES 138 WTU - LCRA 160 26.1 659 8.0 0.0 0.0
N 2060 6513 SONORA 2 69 8239 - FRSRNCH2 69 WTU - CPL 41 98.8 1.2 0.0 0.0 0.0
ET 2062 6515 SONORA 4 138 8259 CTHRNR 4138 WTU - CPL 158 89.1 109 0.0 0.0 0.0
< 2074 6567 RGECCOM2 69 8253 HAMILTN2 69 WTU - CPL 41 67.4 32,6 0.0 0.0 0.0
'~§ 1895 6100 OKLAEHV7 345 9035 < VVIEWDC WTU - COA 200 249 75.1 0.0 0.0 0.0
§° 2244 7244 CUERO 8 138 8192 CLCRA4138 LCRA - CPL 500 98.5 1.5 0.0 0.0 0.0
g 2254 7258 GLIDDENS 138 8109 CPL-GLN4 138 LCRA - CPL 216 100.0 0.0 0.0 0.0 0.0
8 2131 7040  AUSTROPS 345 9078 MCNEIL 345 LCRA - COA 1195 73.6 264 0.0 0.0 0.0
E- 2141 7056 FPPS 345 9073 HOLMAN 345 LCRA - COA 1076 35.1 63.8 1.1 0.0 0.0
? 2225 7202 HICROSSS 138 9147 HICROSS 138 LCRA - COA 287 63.3 36.6 0.1 0.0 0.0
ta
£
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®
~
s Load Carried by Monitored Lines in 1990
Q Reference Case - Diverging Gas Prices
Q C
% Loadflow Data v ; Line __Line Loading
a Line From Bus To Bus Rating Under Over
e No. No. Name No. Name Company MW) 20% 50% 80% -100% 100%
S ; _
g. 2288 7328 AUSTROPS 138 9154 WEBERVIL 138 LCRA - COA 430 54 498 448 00 00
‘ g 2291 7334 MCNEIL 8 138 9079 MCNEIL 138 LCRA - COA 480 874 126 0.0 0.0 0.0
2 2130 7040 AUSTROPS 345 9074 LYTTON 345 LCRA - COA 1076 100.0 00 00 00 -00
g__ 2136 7042 ZORNS 345 9074 LYTTON 345 LCRA - COA 1076 93.0 7.0 0.0 0.0 0.0
) 2295 7338 AUSTIN9 69 9140 - AUSTNDAM 69 LCRA - COA 108 1000 00 00 0.0 0.0
g 28 7044 = MARION S 345 52 SMIGL B5 . LCRA - TMPP 1075 1000 - 0.0 0.0 0.0 0.0
53 29 7044 MARION 5 345 52 SMIGL BS LCRA - TMPP 1075 100.0 0.0 0.0 0.0 0.0
45 7345 GABRIEL9 69 123 JARRELY9 - LCRA -TMPP 43 73.7 26.3 0.0 0.0 0.0
1846 8123 BLESSNGS6 345 5915 SO TEXS 345 CPL - STP 1076 66.5 335 0.0 0.0 0.0
1847 8455 - LNHILL 6 345 5915 SO TEXS 345 CPL - STP 1076 17.7 779 - 43 0.0 0.0
1707 8172 VICTRA 4138 5502 - RAYBRNS§ CPL - STCMEC 160 2717 61.0 11.0 0.2 0.0
1724 8121 BLESSNGA4 138 5546 DNVG 8 CPL - STCMEC 216 74 923 03 0.0 0.0
1767 8452 LNHILL 4 138 5660 - ORNGRV 8 - CPL - STCMEC 216 91.8 8.2 0.0 0.0 0.0
1779 8404 SIGMOR4 138 5688 GEOWST 8 .- CPL - STCMEC - 215 992 0.8 0.0 0.0 0.0-
1788 8212 DILYSW 4 138 5704 SMIGL 8 CPL - STCMEC 216 0.6 99.5 0.0 0.0 0.0
1842 8225 MOOREI138 138 5895 PRSALI138 CPL - STCMEC 127 45.7 543 0.0 0.0 0.0
1843 8229 BATSVL 4138 5895 PRSAL138 CPL - STCMEC 216 628 372 0.0 0.0 0.0
1730 8129 BC-STEC4 138 5562 BACT 8 CPL - STCMEC 216 100.0 0.0 0.0 0.0 0.0
1833 8212 DILYSW 4138 5861 DILLEY S8 CPL - STCMEC 150 100.0 0.0 0.0 0.0 0.0
1811 8225 MOOREI138 138 5819 HONDOCRS CPL - STCMEC 127 99.2 08 - 00 0.0 0.0
1791 8404 SIGMOR 4 138 5706 SMDB 8 CPL-STCMEC - 216 819 18.1 0.0 0.0 0.0
1754 8497 CALANM2 69 5626 = CALAILNY9 CPL - STCMEC 150 100.0 0.0 0.0 0.0 0.0
1860 8314 LAPALM 4138 5945 LOMAALTS CPL. - COB 216 100.0 00 - 00 0.0 0.0
1852 8339 MIL.HWY4 138 5931 MILHWY9 CPL. - COB 100 00 100.0 0.0 0.0 0.0

1848 9073 'HOLMAN 345 5915 SO TEX5 345 COA - STP 1075 . 424 563 13 0.0 0.0

101-v
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TABLE 4.2-15 (continued)

Load Carried by Monitored Lines in 1990
Reference Case - Diverging Gas Prices

Loadflow Data Line Line Loading ‘
Line From Bus To Bus Rating Under Over
No. No. Name No. Name Company ™MwW) 20% 50% 80% - 100% 100%
1787 5704 SMIGL 8 5902 MIGUEL 8 STCMEC -MIGU 215 0.0 96.1 38 0.0 0.0
319 1010 PERBASIN 138 1019 MOSS 138 TUEC - TUEC 143 88.1 11.9 0.0 0.0 0.0
330 1015 PERBASIN 69 1204 EXCORDT 69 TUEC - TUEC 36 90.0 100 0.0 0.0 0.0
348 1027 . OD EHV 138 1052 REXALL 138 TUEC - TUEC 105 18.5 56.9 225 21 0.0
353 1027 ODEHV 138 1137 TI T138 TUEC - TUEC 96 81.4 18.4 0.1 0.0 0.0
372 1053 GENRUBR 138 1099 SWPORT T 138 TUEC - TUEC 105 69.2 298 1.0 0.0 0.0
405 1123 ODESSA N 69 1122 ODESSA N 138 TUEC - TUEC 75 0.0 589  40.7 0.4 0.0
439 1305 SNYDER 138 1318 CHINAGRYV 138 TUEC - TUEC 96 0.1 81.0 i8.9 0.0 0.0
362 1318 CHINAGRV 138 1032 MRGN CRK 138 TUEC -TUEC 143 64.0 36.0 0.0 0.0 0.0 -
456 1339 ESKOTA 138 1340 ESKOTA 69 TUEC - TUEC ‘56 124 87.5 0.0 0.0 0.0
=y 498 1431 GRAHAMP 138 1601 GRAHAME 138 TUEC - TUEC - 96 73.1 26.7 0.2 0.0 0.0
7‘:’, 513 1447 LK WFALL 69 1527 HOLLIDAY 69 TUEC - TUEC 42 0.0 87.6 124 0.0 0.0
~ 514 1448 WFALLS 138 1449 WFALLS 69 TUEC - TUEC 100 154 84.6 0.0 0.0 0.0
3 519 1450 PLEASVAL 138 1451  PLEASVAL 69 TUEC - TUEC 100 4.8 92.6 2.6 0.0 0.0
('“S 523 1451 PLEASVAL 69 1518 IOWAPARK 69 TUEC - TUEC 62 59 873 6.8 0.0 0.0
8 115 1576 MINWLS 138 331 MILLER 8 TUEC -TUEC 215 0.0 00 100.0 0.0 0.0
-0 558 1596 GRAHAMSS 138 1597 GRAHAMSS 69 TUEC - TUEC 60 12.6 84.5 2.8 0.0 0.0
E 560 1597 GRAHAMSS 69 1602 GRAHAM 69 TUEC - TUEC 48 5.1 87.1 7.8 0.0 0.0
g 593 1691 VALLEY 138 1758 PAYNE 138 TUEC - TUEC 251 18.5 782 33 0.0 0.0
~§ 601 1695 MOSES. 345 1795 MOSES 138 TUEC - TUEC 150 0.2 83.6 163 . 0.0 0.0
§~ 615 1759 PAYNE 69 1758 PAYNE 138 TUEC - TUEC 60 243 75.1 0.6 0.0 0.0
S 620 1760 BONHM SS 138 1761 BONHM SS 69 TUEC - TUEC 50 27.8 70.0 22 0.0 0.0
1) 646 1873 BENBRK 345 1874  BENBRK A 138 TUEC - TUEC - 500 9.0 78.4 12.6 0.0 0.0
R 647 1873 BENBRK 345 1875 BENBRK B 138 TUEC - TUEC 500 9.5 76.8 13.7 0.0 0.0
@ 653 1875 BENBRKB 138 1955 CALMONT 138 TUEC - TUEC 210 0.1 49.5 473 32 0.0
[ ,
&
53 "~ (continued)



€0I-¥

g TABLE 4.2-15 (continued)

g Load Carried by Monitored Lines in 1990

] Reference Case - Diverging Gas Prices

Q : ;

% Loadflow Data Line Line Loading

B Line From Bus To Bus Rating Under ' ~ Over

g No. - No. Name No. Name Company MW) 20% 50% 80% 100% 100%

3 :

E’»_ 678 1891 DECORDVA 138 2281 GODLEY 138 TUEC - TUEC 214 414 58.6 0.0 0.0 0.0

§ 685 1907 VENUSN 345 1908 VENUS 138 TUEC - TUEC 450 1.4 853 13.2 0.0 0.0

: 706 1921 LIGGETT 345 1922 LIGGETT 138 TUEC - TUEC 450 0.2 42.6 54.1 32 0.0

g 745 1967 FST HILL 138 1968 FSTHILL 69 TUEC - TUEC 100 1.9 82.8 15.2 0.0 0.0

] 804 2279 CLEBSS 138 2281 GODLEY 138 TUEC - TUEC 214 51.6 484 0.0 0.0 0.0

g 811 2318 STERRET 69 2317 STERRET 138 TUEC - TUEC 50 60.3 39.7 0.0 0.0 0.0

53 834 2380 CLTNW 138 2385 NLAKE 138 TUEC - TUEC 224 96.2 3.7 0.1 0.0 0.0 -
850 2398 W LEVEE 345 2399 W LEVEE 138 TUEC - TUEC 600 03 60.2 39.6 0.0 0.0
851 2398 W LEVEE 345 2399  WLEVEE 138 TUEC - TUEC 600 03 60.2 39.6 0.0 0.0
866 2407 NORWDDPL 138 2487 DENDRE 138 TUEC - TUEC 186 04 439 476 8.1 0.0
879 2420 CHILL 345 2421 CHILL 138 TUEC - TUEC 450 03 55.5 443 0.0 0.0
885 2428 WATMILL 345 2429 WATMILL 138 TUEC - TUEC 450 0.2 43.7 55.3 0.8 0.0
904 2437 FORNEY 345 2453 CNVIL 345 TUEC - TUEC 526 0.0 278 70.8 1.4 0.0
934 2461 . ROYSE 345 2462 ROYSE 138 TUEC - TUEC 450 03 89.1 10.6 0.0 0.0
949 2470 RENERTPL 138 2468 RENER 345 TUEC - TUEC 450 0.0 75.0 25.0 0.0 0.0
958 2482 ELEVEE 138 2882 GRNVL W 138 TUEC - TUEC 186 37 459 50.4 0.0 0.0
965 2487 DENDRE 138 2489 DENDR1 69 TUEC - TUEC 83 12.0 86.6 1.3 0.0 0.0
959 2883 GRNVL E 138 2482 ELEVEE 138 TUEC - TUEC 186 23 40.8 443 12.6 0.0
1085 3155 DIBOL 138 3331 DIBOL WT 138 TUEC - TUEC 84 19.4 80.6 0.0 0.0 0.0
1093 3252 JACKSWES 69 3253 JACKSNVL 138 TUEC - TUEC 75 18.8 81.2 0.0 0.0 0.0
1119 33927 JEWETT 138 3503 FAIRFLDW 138 TUEC - TUEC 72 0.6 96.3 3.1 0.0 0.0
1163 3430 SANDOW 138 3659 THORNDAL 138 TUEC - TUEC 191 173 573 254 0.0 0.0
1197 3643 TEMP SS 69 3644 TEMP 69 TUEC - TUEC 48 3.7 95.7 0.6 0.0 0.0
1219 4001 ADICKS 8 138 4002 < ADICKS 5 345 HLP - HLP 600 99.4 0.6 0.0 0.0 0.0
1233 4016 ~ ALTA 1.98 138 4546 PHR S8138 HLP - HLP 168 44 95.1 . 0.5 0.0 0.0

(continued)
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Load Carried by Monitored Lines in 1990
Reference Case - Diverging Gas Prices -

Loadflow Data ) Line . _Lineloading

Line From Bus To Bus Rating Under Over
No. No. Name No. Name Company MW) 20% 50% 80% 100% 100%
1266 4043 BAYOU 8138 4082 BURDETS8 138 HLP - HLP 337 260 739 0.0 0.0 0.0
1279 4050 BELAIRWS 138 4051 BELAIRS5345 = HLP - HLP 600 756 244 0.0 0.0 0.0
1282 4050 - BELAIRWS 138 4556 SANFLP 8 138 HLP - HLP 337 544 456 0.0 0.0 0.0
. 1331 4112 CEDARP 5 345 4383 KING 5345 HLP - HLP 872 42 22.0 445 294 0.0
1344 4134 HOCB9 69 4372 KARSTN969 = HLP - HLP 31 360  46.1 17.9 0.0 0.0
1347 4135 HOC 8138 4462 NATCYL 8138 HLP - HLP 337 35.8 46.7 17.5 0.0 0.0
1350 4135 HOC 8138 4515 POLK 8138 HLP - HLP 251 392 472 13.6 0.0 0.0
1376 4192 DOW3455 345 4714 VLASCO 8138 HLP - HLP 600 585 415 00 0.0 0.0
1390 4219 ELDORA 8 138 4431 MARYCK 8138 HLP - HLP 337 0.1 624 374 0.0 0.0
1398 4235 FAIRBK 8 138 4736 THWWS8138 HLP - HLP 313 424 576 . 0.0 0.0 0.0
1414 4249 FTIBEND 8 138 4487 WAP 8138 HLP - HLP 337 5.1 448 38.1 12.0 0.0
1491 4462 NATCYL 8 138 4487 WAP 8138 HLP - HLP 340 284  51.0 20.6 0.0 0.0
1522 4515 POLK 8138 4700 UNIVER 8 138 HLP - HLP 251 16.1 61.1 22.8 0.0 0.0
1517 4546 PHR S8 138 4509 PILGRM 8138 HLP - HLP 340 6.1 86.3 1.6 0.0 0.0
1539 4547 PHRNS 138 4617 S HOUS98 138 - HLP - HLP 337 15.6 844 0.0 0.0 0.0

1505 4660 TEXINS 8 138 4487 WAP 8138 HLP - HLP 313 151 464 36.8 1.7 0.0
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g; TABLE 4.2-16

(\\} )

S Load Carried by Monitored Lines in 1990

Q Reference Case - Converging Gas Prices

Q

% Loadflow Data Line __~  Line Loading

a Line ______ From Bus To Bus Rating Under Over

g No No. Name No. Name Company MW) 20% 50% 80% 100% 100%

3

'E, 7 29 BONVIL9 39 HEARNEY9 TMPP - TMPP 31 28.7 69.7 1.6 0.0 0.0

S 13 33 WTSNCS8 3392 JEWETT 138 TMPP - TMPP 81 549 38.0 7.1 0.0 0.0

: 14 39 HEARNEY9 - 35 HEARNES§ TMPP - TMPP 40 0.0 0.0 91.6 ‘8.4 0.0

g 17 65 SILCTY9 39 HEARNEY9 ~ TMPP - TMPP 36 35 85.2 11.4 0.0 0.0

>y 48 126  POAGE 9 134 SEATONY9 TMPP - TMPP 35 0.0 414 585 0.1 0.0

g 155 523 DICYS9 545 RENO 9 TMPP - TMPP 31 0.0 142 858 0.0 0.0

5 243 816 OLINGRD 818 OLINGRC TMPP - TMPP 100 0.0 00 100.0 0.0 0.0
242 826 CASTLED 8§14 NEWMAND TMPP - TMPP 60 0.0 00 1000 0.0 0.0
320 1010 PERBASIN 138 1019 MOSS 138 TUEC - TUEC 143 572 383 37 0.8 0.0
324 - 1010 PERBASIN 138 1103 SANDHL T 138 TUEC - TUEC 143 60.7 36.6 2.6 0.1 0.0 -
326 1010 PERBASIN 138 1141 HOLT SS 138 TUEC - TUEC 143 524 438 38 0.0 0.0
341 1023 MID EAST 138 1116 WINDWOOD 138 TUEC - TUEC 96 0.0 523 454 23 0.0
351 1027 ODEHV 138 1121 GLENHAVN 138 TUEC - TUEC 143 21.7 68.9 94 0.0 0.0
360 1032 MRGN CRK 138 1033 MRGN CRK 69 TUEC - TUEC 60 629 36.3 09 0.0 0.0
362 1032 MRGN CRK 138 1318 CHINAGRYV 138 TUEC - TUEC 143 61.7 38.0 0.2 0.0 0.0
363 1032 MRGN CRK 138 1318 CHINAGRV 138 TUEC - TUEC 143 61.0 38.7 03 0.0 0.0
384 1074 WINK SS 138 1159 N ANDREW 138 TUEC - TUEC 96 50.5 457 38 0.0 0.0

- 385 1075 WINK SS 69 1254 ODBASSS 69 TUEC - TUEC 24 63.6 35.1 13 0.0 0.0

405 1122 ODESSA N 138 1123 ODESSAN 69 TUEC - TUEC 75 0.1 69.5 30.1 03 0.0
433 1210 MIDKIFF 138 1211  MIDKIFF 69 TUEC - TUEC 45 109 89.1 0.1 0.0 0.0
438 1305 SNYDER 138 1306 £ SNYDER 69 TUEC - TUEC 50 04 948 4.8 0.0 0.0
451 1322 BIG SPG 138 ' 1332 COSDEN 138 TUEC - TUEC 155 758 91 15.1 0.0 0.0
357 1430 GRAHAMP 345 1030 MRGN CRK 345 TUEC - TUEC 717 91.6 8.4 0.0 0.0 0.0
358 1430 GRAHAMP 345 1030 MRGN CRK 345 TUEC - TUEC 526 71.8 28.2 0.0 0.0 0.0

IS 494 1430 GRAHAM P 345 1436 PARKER 345 TUEC - TUEC 717 69.3 30.7 0.0 0.0 0.0

—
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TABLE 4.2-16 (continued)

Load Carried by Monitored Lines in 1990
Reference Case - Converging Gas Prices

Line Loading

Loadflow Data Line

Line From Bus To Bus Rating Under Over

No. No. Name No. Name Company (MW) 20% 50% 80% 100% 100%

495 14300 GRAHAMP 345 1436 PARKER 345 TUEC - TUEC n7 69.3 30.7 0.0 0.0 0.0

503 1436 PARKER 345 1900 COM PEAK 345 TUEC - TUEC 7n7 22.8 174 57.9 20 0.0

551 1576 MINWL S 138 157t ORAN 138 TUEC - TUEC 124 0.0 17.8 82.2 0.0 0.0

573 1636 DUBLIN 138 1637 DUBLIN 69 TUEC - TUEC 25 -84 4.3 443 0.0 0.0

577 1640 LNGLVL.M 138 1641 STPHVIL 138 TUEC - TUEC 84 15.3 37.0 47.7 0.0 00

568 1640 LNGLVL M 138 1624 LEON 138 TUEC - TUEC 84 203 45.2 344 0.0 0.0

592 1691 VALLEY 138 1758 PAYNE 138 TUEC - TUEC 214 25 722 25.2 0.0 0.0

642 1860 EAGLEMT 138 1957 SAGINAW 138 TUEC - TUEC 143 575 425 0.0 0.0 0.0

643 1860 EAGLE MT 138 1957 SAGINAW 138 TUEC - TUEC 105 6.7 59.7 326 1.0 0.0

649 1873 BENBRK 345 1890 DECORDVA 345 TUEC - TUEC 17 9.0 559 348 03 0.0

> 651 1874 BENBRK A 138 1955 CALMONT 138 TUEC - TUEC 210 0.0 359 543 9.7 0.0

}':s 654 187S BENBRKB 138 2164 HEMPHILL 138 TUEC - TUEC 143 09 42.2 50.3 6.6 0.0

« © 834 2385 NLAKE 138 2380 CLTNW 138 TUEC - TUEC 224 83.6 14.1 2.2 0.0 0.0

3 835 2385. NLAKE 138 2380 CLTNW 138 TUEC - TUEC 214 83.1 11.0 59 0.0 0.0

((\S 861 2406 NORWD 345 2407 NORWDDPL 138 TUEC - TUEC 450 0.2 54.5 453 0.0 0.0

8 934 2461 ROYSE 345 2462 ROYSE 138 TUEC - TUEC 450 0.6 90.4 9.1 0.0 0.0

N 943 2466 ALLEN SS 345 2467 ALLEN SS 138 TUEC - TUEC 450 0.0 79.1 20.9 0.0 0.0

ET 949 2468 RENER 345 2470 RENERTPL 138 TUEC - TUEC 450 0.0 78.8 21.2 0.0 0.0

g 1004 2756 MSQTE 138 2754 MSQTW 138 TUEC - TUEC 326 7.0 93.0 0.0 0.0 0.0

~§ 1053 3118 LUFKINSS 138 3340 LUFKIN 138 TUEC - TUEC 48 219 334 28.3 16.3 0.0

g' 1062 3125 TDADTR 3126 TDADG6G TUEC - TUEC 265 87.5 0.1 29 94 0.0

8 1063 3125 TDADTR 3127 TRINIDAD 138 TUEC - TUEC 265 0.2 69.5 22.6 7.7 0.0

8 1104 3354 CROCKETT 138 3392 JEWETT 138 TUEC - TUEC 84 42.8 46.7 10.4 0.0 0.0

E_ 1107 3380 BIGBRN 345 3390 JEWETTS 345 TUEC - TUEC 956 8i4 18.6 0.0 0.0 0.0

g 1108 3380 BIGBRN 345 3391 JEWETT N 345 TUEC - TUEC 956 71.6 27.4 1.0 0.0 0.0
=
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S Load Carried by Monitored Lines in 1990

N Reference Case - Converging Gas Prices

Q

% Loadflow Data Line Line Loading

a Line From Bus To Bus Rating Under , Over

g No. No. Name No. Name Company mMw) 20% 50% 80% 100% 100%

E_ 1142 3410 LAKECRK 138 3436 WACOW 138 TUEC - TUEC 210 42 87.0 8.8 0.0 0.0

% 1143 3410 LAKECRK 138 3438 WACOE 138 TUEC - TUEC 210 29 855 11.6 0.0 00

: 1140 3414 TEMP SS 345 3409 LAKE CRK 345 TUEC - TUEC 956 9.6 34 0.0 0.0 0.0

g_ 1131 3414 TEMP SS 345 3405 THOUSE 345 TUEC - TUEC 956 98.0 2.0 0.0 0.0 0.0

=y 1158 3429 SANDOW 345 3430 SANDOW 138 TUEC - TUEC 450 T 21.6 374 41.0 0.0 0.0

g 1162 3430 SANDOW 138 3650 ELGIN SS 138 TUEC - TUEC 84 15.2 16.3 43.7 248 0.0

'5- 1192 3627 KILLFHT 138 3629 KILL FHW 138 TUEC - TUEC 124 314 66.4 2.1 0.0 0.0
1209 3669 RNDRK WH 138 3668 RNDRK 138 TUEC - TUEC 124 81.0 18.6 0.3 0.0 0.0
1217 3683 MINERVA 138 3684 MINERVA 69 TUEC - TUEC 30 0.t 213 703 8.2 0.0
1230 4009 ALIEF 8 138 4487 WAP 8138 HLP - HLP 337 29.4 65.3 5.3 0.0 0.0
1258 4039 BAMMEL 8 138 4467 NBELT 8 138 HLP - HLP 337 100.0 0.0 0.0 0.0 0.0
1303 4067 @ BADSCH 8 138 4714 VLASCO 8 138 HLP - HLP 168 28 815 15.8 0.0 0.0
1331 4112 CEDARP 5 345 4383 KING 5345 HLP - HLP 872 159 51.7 321 03 0.0
1341 4133 HOCA9 69 4135 HOC 8138 HLP - HLP 128 235 761 0.4 0.0 0.0
1391 4219 ELDORA 8 138 4546 PHR S8138 HLP - HLP 337 0.0 74.1 25.9 0.0 0.0
1466 4323 HUMBLE 8 138 4685 TRSWIG 8 138 HLP - HLP 168 61.4 38.6 0.0 0.0 0.0
1492 4463 NATCYL 8138 4487 WAP 8138 HLP - HLP 337 35.0 60.8 43 0.0 0.0
1516 . 4675 TOMBAL 8 138 4507 PINHUR 8 138 HLP - HLP 337 100.0 0.0 0.0 0.0 0.0
1558 4675 TOMBAL 8 138 4676 TOMBAL 5 345 HLP - HLP 600 79.5 20.5 0.0 0.0 0.0
1551 4684 TEXGLF 8 138 4620 S LANES 138 HLP - HLP 168 681 317 02 0.0 0.0
1574 4740 WHITOKES 138 4741 < WHITOK 9 69 HLP - HLP. 100 227 76.9 04 00 0.0
1656 5211  HILL CTY 345 5915 SOTEXS 345 CPSB - CPSB 1076 67.8 322 0.0 0.0 0.0
1660 5225 HONDO 138 - 5819 HONDOCRS CPSB - CPSB 81 379 55.1 6.8 0.1 0.0
1690 5371 SKYLINE 345 5370 SKYLINE 138 CPSB - CPSB 480 85.9 14.1 090 0.0 0.0
1691 5371 SKYLINE 345 5370 SKYLINE 138 CPSB - CPSB 480 85.9 14.1 0.0 0.0

LOT-v
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TABLE 4.2-16 (continued)

Load Carried by Monitored Lines in 1990

Reference Case - Converging Gas Prices

Loadflow Data Line Line Loading

Line From Bus To Bus Rating Under Over

No. No. Name No. Name Company ™MwW) 20% 50% 80% 100% 100%

1692 5435 TUTTLE 138 5370 SKYLINE 138 CPSB - CPSB 478 86.4 12.3 1.2 0.0 0.0

1957 6232 ABMULCKA4 138 6235 ABMULCK?7 345 WTU - WTU 250 814 18.6 0.0 0.0 0.0

2108 7000 FERGSNGN 7126 FERGUSNS 138 LCRA - LCRA 480 773 7.6 42 1069 0.0

2111 7006 GID GEN3 7310 GIDEON 8 138 LCRA - LCRA 380 345 6.4 26.9 323 0.0

2112 7010 FPP GENI1 7056 FPPS 345 LCRA - LCRA 600 16.1 7.1 11.7 65.1 0.0

2114 7012 FPP GEN3 7056 FPPS5 345 LCRA - LCRA 2114 16.4 9.2 239 50.5 0.0

2129 7040 AUSTROPS 345 7328 AUSTROPS 138 LCRA - LCRA 2129 24.0 75.5 0.5 0.0 0.0

2127 7042 ZORNS 345 7040 AUSTROPS 345 LCRA - LCRA 2127 98.3 1.6 0.0 0.0 0.0

2144 7064 LAMPSASS 138 7061 COPP CV8 138 LCRA - LCRA 2144 87.8 12.2 0.0 0.0 0.0

2145 7064 LAMPSASS 138 7070 GOLDTWTS 138 LCRA -LCRA 2145 549 37.1 6.5 1.4 0.1

= 2166 7107 WIRTZY9 69 7110 WIRTNUT1 LCRA - LCRA 2166 48.6 353 153 0.7 0.0

'L‘:h 2170 7119  PITSBRGY9 69 7114 CASTELL9 69 LCRA -LCRA 2170 722 24.6 32 0.0 0.0

a 2203 7178 MARION 8 138 7176 COMAL 8 138 LCRA - LCRA 2203 1.8 679 30.3 0.0 0.0

§ 2204 7178 MARION 8 138 7176 COMAL 8 138 LCRA -LCRA 64 01 .216 51.8 26.5 0.0

A 2215 7192 SANMRCSS 138 7200 CANYON 8 138 LCRA - LCRA 101 29 55.0 40.6 1.5 0.0

8 2221 7200 CANYON 8138 7498 BUDA 8 138 LCRA - LCRA 101 29.1 60.9 100 0.0 0.0

N 2224 7202 HICROSSS 138 7498 BUDA S8 138 LCRA - LCRA 101 938 6.2 0.0 6.0 0.0

g; 2255 7264 PETERS 8 138 7270 BELVILES 138 LCRA - LCRA 171 80.5 19.5 0.0 0.0 0.0

g 2258 7286 FAYET 8 138 7270 BELVILES 138 LCRA -LCRA 171 78.1 219 0.0 0.0 0.0

'§ 2284 7310 GIDEON 8 138 7328 AUSTROPS 138 LCRA - LCRA 171 114 36.2 31.2 21.2 0.0

s 2285 7310 GIDEON 8 138 7328 AUSTROPS 138 LCRA - LCRA 171 16.8 413 419 0.0 0.0

& 2299 7350 MORMON 8 138 7352 LAGOVSTS 138 LCRA - LCRA 171 87.0 13.0 0.0 0.0 0.0

8 2355 8121 BLESSNG4 138 8127 L.CITYM4138 CPL - CPL 161 47.0 52.1 09 0.0 0.0

g- 2353 8123 BLESSNGS6 345 8121 BLESSNGH4 138 CPL - CPL 600 347 63.1 22 0.0 0.0

g 2354 . 8125 LOLITA 4138 8121 BLESSNG4 138 CPL - CPL 216 67.7 29.5 28 0.0 0.0
&
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S Load Carried by Monitored Lines in 1990

] Reference Case - Converging Gas Prices

Q

8 Loadflow Data ‘ Line Line Loading

a Line From Bus : To Bus Rating Under . Over

2 No. No. Name No. Name Company MW) 20% 50% 80% 100% 100%

3 ;

E, 2375 8152 CARB-SD4 138 8144 AIRCO 4138 CPL - CPL 161 274 69.9 28 0.0 0.0

§ . 2387 8162 COLETO 4138 8186 KENDYSW4 138 CPL - CPL 216 413 56.0 26 0.0 0.0

: 2399 8172 VICTRA 4138 8183 THOMSTNA4 138 CPL - CPL 216 48.0 38.2 13.8 0.1 0.0

E_ 2400 8172 VICTRA 4138 8452 LNHILL 4 138 CPL - CPL 127 59.9 40.1 0.0 0.0 0.0

x 2405 8183 THOMSTN4 138 8192 C.I.CRA 4138 CPL - CPL 216 49.6 375 12.8 0.1 0.0

g 2407 8184 KENDYSW2 69 8188 KENEDY 2 69 CPL - CPL 41 5.9 799 140 03 0.0

53 2428 8214 = ARTESIA2 69 8280 ASHERTN2 69 CPL - CPL 41 97.6 24 0.0 0.0 0.0
2440 8234 UVALDEA4 138 8246 ASPHALT4 138 CPL - CPL 82 47.0 49.1 38 00 0.0

2445 8246 ASPHALT4 138 8252 BRACKVLA4 138 CPL - CPL 82 50.5 46.6 29 0.0 0.0

2455 8274 CNC.W T4 138 8283 ASHERTN4 138 CPL - CPL 82 46.8 50.7 25 0.0 0.0
2457 8283 ASHERTN4 138 8293 LAREDO 4138 CPL - CPL 127 60.0 37.7 23 0.0 0.0
2464 8293 LAREDO4 138 8297 BRUNI 4138 CPL - CPL 82 58.6 41.4 0.0 0.0 0.0
2466 8297 BRUNI 4138 8510 FALF 4138 - CPL - CPL ~ 82 326 67.3 0.0 0.0 0.0
2468 8300 RAYVILE2 69 8302 RAYVILEA4 138 CPL - CPL 37 0.0 571 414 1.5 0.0
2475 8310 LAPAIM2 69 8314 LAPAIM4138 CPL - CPL 93 0.1 89.3 10.6 0.0 0.0
2476 8310 LAPAIM2 69 8314 LAPAIMA4138 CPL - CPL 93 0.0 84.3 15.7 0.0 0.0
2534 8392 BATES 4138 8399 GARZA 4138 CPL - CPL 82 95.7 4.3 0.0 0.0 0.0
2467 8395 FALCONA4 138 8299 ZAPATA 4138 CPL - CPL. 82 934 6.6 0.0 0.0 0.0
2535 8395 FALCON4 138 8399 GARZA 4138 CPL - CPL 82 100.0 0.0 0.0 0.0 0.0
2537 8403 T.RIVR4138 8400 T.RIVR2 69 CPL - CPL 37 20.8 79.1 0.1 0.0 0.0
2631 8500 ALICE 2 69 8505 FREER 2 69 CPL - CPL 41 12.0 84.3 38 0.0 0.0
2568 8439 NBAY 2 69 8468 HIWAY92 69 CPL - CPL 58 393 356 25.1 0.0 0.0
2569 8439 NBAY 2 69 8871 AVRYPI1-2 69 CPL - CPL 71 48.0 52.0 0.0 0.0 0.0
2657 9073 HOLMAN 345 9074 LYTTON 345 COA - COA . 1075 6.6 75.4 18.0 0.0 0.0
2682 9124 KINGSBRY 138 9125 KINGSBRY 69 COA - COA 220 83.1 16.9 0.0 0.0 0.0
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Load Carried by Monitored Lines in 1990
Reference Case - Converging Gas Prices

Loadflow Data Line : Line Loading

Line From Bus To Bus Rating Under Over

No. No. Name No. Name Company MW) 20% 50% 80% 100% 100%

2686 9124 KINGSBRY 138 9291 WHELESS 138 COA - COA 350 994 0.6 0.0 0.0 0.0

2689 . 9128 NORTHLND 138 9129 NORTHLND 69 COA - COA 220 1200 760 39 0.0 0.0

. 2697 9132 SEAHOILM 138 9287 WARREN 138 COA - COA 215 100.0 0.0 0.0 0.0 0.0

2678 9147 HICROSS 138 9120 BURLESON 138 COA - COA 215 314 670 1.6 0.0 0.0

2718 9187 DECKER 138 9271  SPRINKLE 138 COA - COA 430 99.3 0.7 0.0 0.0 0.0

2666 9271 SPRINKLE 138 9079 MCNEIL 138 COA - COA 430 100.0 0.0 0.0 0.0 0.0

1112 3390 JEWETT S 345 4401 LIMEST 5345 TUEC - HLP 1300 59.5 405 0.0 0.0 0.0

1113 3390 JEWEIT S 345 4737 THW 5345 TUEC - HLP 762 83.3 16.7 0.0 0.0 0.0

1116 3391 JEWETT N 345 4401 LIMEST 5 345 TUEC - HLP 1300 100.0 0.0 0.0 0.0 0.0

1117 3391 JEWETT N 345 4676 TOMBAL S5 345 TUEC - HLP 850 . 95.0 50 0.0 0.0 0.0

> 1124 3400 TWIN OAK 345 4401 LIMEST 5 345 TUEC -HLP 1300 829 171 0.0 0.0 0.0

%‘;s 1125 3400 TWIN OAK 345 4401 LIMEST 5 345 TUEC -HLP 1300 829 171 - 00 0.0 0.0

o 1126 3400 TWIN OAK 345 4562 SALHLPS 345 TUEC - HLP 1300 98.0 20 0.0 0.0 0.0

3 1127 3400 TWIN OAK 345 4737 THW 5345 TUEC - HLP 850 99.7 03 0.0 0.0 0.0

g 1109 3386 NAVAR SS 345 4401 LIMEST 5 345 TUEC - HLP 1650 41.1 58.9 00 00 0.0

8 1110 3386 NAVAR SS 345 4401 LIMEST 5 345 TUEC - HLP 1650 - 411 58.9 0.0 0.0 0.0

N 1061 3124 TRINDAD?2 345 4428 MALKOF 5 345 TUEC - HLP 1650 100.0 0.0 0.0 0.0 0.0

g 1075 3130  FOR GROV 345 4428 MALKOF 5 345 TUEC - HLP 1650 100.0 00 00 0.0 0.0

§ 327 1010 PERBASIN 138 6655 BARRILA4 138 TUEC - WTU 158 86.1 13.9 0.0 0.0 0.0

o] 457 1339 ESKOTA 138 6260 ABSOUTH4 138 . TUBC - WTU 65 402 499 92 0.6 0.0

§- 462 1340 ESKOTA 69 6247 TRENT 2 69 TUEC - WTU 33 90.0 10.0 0.0 0.0 0.0

8 475 1398 RADIUMM 138 6180 RADIUM?2 69 TUEC - WTU 63 791 209 0.0 0.0 0.0

8 487 1425 FISHRDSS 345 6100 OKLAEHV7 345 TUEC - WTU 1072 59.1 39.9 1.0 0.0 0.0

& 542 1538 ELECTRA 69 6075 WAGONER2 69 TUEC - WTU 33 67.7 323 0.0 0.0 0.0

g 569 1624 LEON 138 6310 PUTTAP 4 138 TUEC - WTU 84 52.1 474 04 0.0 0.0
&
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& TABLE 4.2-16 (continued)
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3 Load Carried by Monitored Lines in 1990
a Reference Case - Converging Gas Prices
% Loadflow Data G ~ Line Line Loading
e Line From Bus To Bus L Rating Under _ ‘ Over
§ No. No. _Name No. Name’ - Company Mw) 20% S0% 80% 100% 100%
g. 571 1625 LEON2 69 6311  CISCO 2 69 TUEC - WTU 33 . 66.0 34.00 0.0 0.0 0.0
§ 540 1533 BOMARTON 69 6107. MUNDAY 2 69 TUEC - WTU 42 97.1 -~ 29° 00 00 0.0
Q 467 1371 MURRAY M 138 6161 PTCREEK4 138 TUEC - WTU 155 - 923 1.7 00 00 0.0
8 474 1398 RADIUMM 138 6161 = PTCREEK4 138 TUEC - WTU 149 945 . 54 0.0 0.0 0.0
x 359 1030 MRGN CRK 345 6235 ABMULCKT7 345 TUEC - WTU 1072 94.8 52 0.0 0.0 0.0
g 496 1430 GRAHAMP 345 6235 ABMULCK7 345 TUEC - WTU 1072 100.0 0.0 0.0 0.0 0.0
g 463 1352 CHALK 69 6436 STRLGCO2 69 TUEC - WTU 33 865 133 0.2 0.0 0.0
1159 3429 SANDOW 345 7040  AUSTROPS 345 TUEC - LCRA 956 96.9 3.1 0.0 0.0 0.0
1160 - 3429 . SANDOW. 345 7040 . AUSTROPS 345 TUEC - LCRA 1072 98.7 1.3 0.0 0.0 0.0
1207 3665 PFLGRVIL 138 7332 ELGINS 138 TUEC - LCRA 214 293 70.7 0.0 00 - 00
1208 3665 PFLGRVIL 138 7334 . MCNEIL 8 138 TUEC - LCRA 214 459 = 54.1 - 0.0 0.0 0.0
1194 3630 - COPPERCV 138 7061 COPPCV8138  TUEC -LCRA 124 78.8 19.1 2.1 0.0 0.0
584 1655 BRNWDSS138 7070 GOLDTWTS 138 TUEC - LCRA 127 88.1 11.9 0.0 0.0 0.0
1212 3672 RNDRK S 138 7334 MCNEIL 8§ 138 TUEC - LCRA 214 83.1 14.6 23 0.0 0.0
1211 3669 . RNDRK WH 138 7346 - GABRIELS 138 TUEC - LCRA 214 99.1 0.9 0.0 0.0 0.0
1218 3687  JARRELL 138 7346 GABRIELS 138 TUEC - LCRA ‘214 99.9 0.1 0.0 0.0 0.0
11 3682 MILANOM 138 32 RBRTSNS§ TUEC - TMPP 84 62.7 . 32.6 4.7 0.1 0.0
115 1576 MINWLS 138 331 MILLER 8 TUEC - TMPP 215 0.0 0.1 99.9 0.0 0.0
316 1853 ROANOKE 345 988 W.DENTB TUEC - TMPP 1494 100.0 0.0 0.0 0.0 0.0
309 2461 ROYSE 345 970 BENDVB TUEC - TMPP 1016 99.7 03 0.0 00 . 00
80 3406 ELM MOTT 345 240 WHITNYS TUEC - TMPP 1072 100.0 0.0 0.0 0.0 0.0
604 1695 MOSES 345 5925 = DC-EAST TUEC - DCSPP 1078 100.0 0.0 0.0 0.0 0.0
1513 4494 PETERS 8 138 7264 PETERS 8 138 - HLP - LCRA 340 96.2 3.8 0.0 0.0 0.0
1540 4562 SALHLPS 345 7058 SALEMS 345 HLP - LCRA 1000 82.7 17.3 0.0 0.0 0.0
1552 4620 SLANE 8138 8127 L.CITYM4 138 HLP - CPL . 100.0 0.0 0.0 0.0 0.0

(continued)
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TABLE 4.2-16 (continued)

Load Carried by Monitored Lines in 1990
Reference Case - Converging Gas Prices

Loadflow Data Line Line Loading

Line From Bus To Bus Rating Under Over

No. No. Name No. Name Company MW) 20% S0% 80% 100% 100%

1377 4192 DOW3455 345 5915 SOTEXS5345 HLP - STP 872 60.7 38.5 0.8 0.0 0.0

1507 4488 WAP 5345 5915 SO TEXS 345 HLP - STP 872 437 - 500 6.3 0.0 0.0

304 4383 KING 5345 967 GIBCRKB HLP - TMPP 1300 100.0 0.0 0.0 0.0 0.0

305 4477 OBRIENS 345 967 GIBCRKB HLP - TMPP 850 99.0 1.0 0.0 0.0 0.0

1657 5211 HILL CTY 345 7044 MARION 5 345 CPSB - LCRA 1076 98.4 1.6 0.0 0.0 0.0

1695 5371 SKYLINE 345 7044 MARION 5 345 CPSB - LCRA 1076 796 204 0.0 0.0 0.0

1649 5200 HELOTES 138 7151  CICO8 138 CPSB - LCRA 215 379 60.2 2.0 0.0 0.0

1670 5260 LEONCRI1 138 8203 PLESTN 4138 CPSB - CPL 110 509 439 5.2 0.1 0.0

1632 5155 FLORESVI 138 8186 KENDYSW4 138 CPSB - CPL 161 86.2 133 0.5 0.0 0.0

1696 5371 - SKYLINE 345 8455 LNHILL 6 345 CPSB - CPL 1076 99.7 0.3 0.0 0.0 0.0

= 1656 S211 HILL CTY 345 5915 SO TEXS 345 CPSB - STP 1076 67.8 322 0.0 0.0 0.0

'L;s 1694 5371 SKYLINE 345 5915° SO TEX 5 345 CPSB - STP 1076 633 36.7 0.0 0.0 0.0

o 1660 5225 HONDO 138 5819 HONDOCRS CPSB- STCMEC 81 379 55.1 6.8 0.1 0.0

'8 2012 6391 FRDONIT2 69 7114 CASTELL9 69 WTU - LCRA 44 88.0 12.0 00 00 0.0

?3 2014 6392 FREDPHT2 69 7130 GILLSPE9 69 WTU - LCRA 33 - 793 20.7 00 - 00 0.0

8 2011 6390 MASON4 138 7132 GILLSPES 138 WTU - LCRA 160 579 409 1.2 00 0.0

N 2060 6513 SONORA?2 69 8239 FRSRNCH2 69 WTU - CPL 41 99.0 1.0 0.0 0.0 0.0

g’ 2062 6515 SONORA 4138 8259 CTHRNR 4138 WTU - CPL 158 94.7 53 0.0 0.0 0.0

g 2074 6567 RGECCOM2 69 8253 HAMILTN2 69 WTU - CPL 41 86.2 13.8 0.0 0.0 0.0

~§ 1895 6100 OKLAEHV7 345 9035 VVIEWDC WTU - COA 200 249  75.1 0.0 0.0 0.0

g- 2244 7244 CUERO 8 138 8192 CLCRA 4138 LCRA - CPL 500 96.3 3.7 0.0 0.0 0.0

8 2254 7258 GLIDDENS 138 8109 CPL-GLN4 138 LCRA - CPL 2i6 100.0 0.0 0.0 0.0 0.0

8 2131 7040 AUSTROPS 345 9078 MCNEIL 345 LCRA - COA 1195 503 49.7 0.0 0.0 0.0

§_ 2141 7056 FPP5 345 9073 HOLMAN 345 LCRA - COA 1076 414 57.6 1.0 0.0 0.0

g 2225 7202 HICROSSS 138 9147 HICROSS 138 LCRA - COA 287 57.0 39.0 4.0 0.0 0.0
&

g (continued)
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TABLE 4.2-16 (continued)

Load Carried by Monitored Lines in 1990
Reference Case - Converging Gas Prices

Loadflow Data Line Line Loading
Line From Bus To Bus Rating Under : ' Over
No. No. Name No. Name Company (MW) 20% - 50%  80% 100% 100%
2288 7328 AUSTROPS 138 9154 WEBERVIL 138 LCRA - COA 430 1.6 414 55.9 11 0.0
2291 7334 A MCNEIL 8 138 9079 MCNEIL 138 LCRA - COA - 480 87.6 12.4 0.0 0.0 0.0
2130 7040 AUSTROPS 345 9074 LYTTON 345 LCRA - COA 1076 100.0 0.0 0.0 0.0 0.0
2136 7042 ZORNS 345 9074 LYTTON 345 " LCRA - COA 1076 97.6 2.4 0.0 0.0 0.0
2295 7338 AUSTIN9 69 9140 - AUSTNDAM 69 LCRA - COA 108 100.0 0.0 0.0 0.0 0.0
28 7044 MARION 5 345 52 SMIGL BS LCRA - TMPP 1075 1000 0.0 0.0 0.0 0.0
29 7044 MARION 5 345 52 SMIGL B5 LCRA - TMPP 1075 100.0 0.0 00 .00 0.0
45 7345 GABRIEL9 69 123 JARREL9 LCRA - TMPP 43 95.0 5.0 0.0 0.0 0.0
1846 8123 BLESSNG6 345 5915 SOTEXS 345 CPL - STP 1076 80.7 193 0.0 0.0 0.0
1847 8455 LNHILL 6 345 5915 SO TEXS 345 CPL - STP - 1076 430 568 0.2 0.0 0.0
1707 8172 VICTRA 4138 5502 RAYBRNS§ CPL - STCMEC - 160 269 530 19.9 - 0.2 0.0
1724 8121 BLESSNG4 138 5546 DNVG 8 CPL - STCMEC 216 273 727 0.0 0.0 0.0
1767 8452 LNHILL 4138 5660 ORNGRV § CPL - STCMEC 216 914 8.6 0.0 0.0 0.0
1779 8404 SIGMOR 4 138 5688 GEOWST 8 CPL - STCMEC 215 98.8 1.2 .00 0.0 0.0
1788 8212 DILYSW4 138 5704  SMIGL 8§ CPL. - STCMEC 216 88 912 0.0 00 0.0
1842 8225 'MOORE138 138 5895 PRSAL138 CPL - STCMEC 127 94.6 5.4 0.0 0.0 0.0
1843 8229 BATSVL 4138 5895 PRSALI138 CPL - STCMEC 216 66.1 339 0.0 0.0 0.0
1730 8129 BC-STEC4 138 5562 BACT 8 CPL - STCMEC 216 100.0 0.0 0.0 0.0 0.0
1833 8212 DILYSW 4138 5861 DILLEY 8 CPL - STCMEC 150 100.0 0.0 0.0 0.0 0.0
1811 8225 MOOREI138 138 5819 -HONDOCRS CPL - STCMEC 127 97.8 22 0.0 0.0 0.0
1791 8404 SIGMOR 4138 5706 SMDB 8 "CPL - STCMEC 216 72.8 271 00 00 0.0
1754 8497 CALANM2 69 5626 CALALNY CPL - STCMEC 150 100.0 0.0 00 - 00 0.0
1860 8314 LAPAILM 4138 5945 LOMAALTS CPL - COB 216 100.0 0.0 0.0 0.0 0.0
1852 - 8339 MIL.HWY4 138 5931 MILHWY9 CPL - COB 100 00 1000 . 0.0 0.0 0.0
1848 9073- HOLMAN 345 5915 SO TEXS 345 COA - STP - 1075 59.2 40.8 0.0 0.0 0.0

(continued)



148% %

TABLE 4.2-16 (continued)

Load Carried by Monitored Lines in 1990
Reference Case - Converging Gas Prices

Loadflow Data Line Line Loading _
Line From Bus To Bus Rating Under , ~ Over
No. No. Name No. Name Company MMw) 20% 50% . 80% 100% . 100%
1787 5704 SMIGL 8 5902 MIGUEL 8 STCMEC -MIGU 215 0.0 992 08 0.0 0.0
319 1010 PERBASIN 138 1019 MOSS 138 TUEC - TUEC 143 . 613  36.0 25 02 0.0
330 1015 PERBASIN 69 1204 EXCORDT 69 TUEC - TUEC 36 63.2 35.6 1.2 0.0 0.0
348 1027  ODEHV 138 1052 REXALL 138 TUEC - TUEC 105 447 418 115 2.1 0.0
353 1027 ODEHV 138 1137 TI T138 TUEC - TUEC 96 57.1 420 0.9 0.0 0.0
372 1053 GENRUBR 138 1099 SWPORTT 138 TUEC - TUEC 105 52.8 43.7 33 0.2 0.0
405 1123 ODESSAN 69 1122 ODESSA N 138 TUEC - TUEC 75 0.1 69.5 30.1 0.3 0.0
439 1305 SNYDER 138 1318 CHINAGRV 138 TUEC - TUEC 96 0.1 822 17.8 0.0 0.0
362 1318 CHINAGRV 138 1032 MRGN CRK 138 TUEC - TUEC 143 61.7 38.0 0.2 0.0 0.0
456 1339 ESKOTA 138 1340 ESKOTA 69 TUEC - TUEC - 56 12.7 87.1 0.1 0.0 0.0
~ 498 1431 GRAHAMP 138 1601 GRAHAME 138 TUEC - TUEC _ 96 586 322 8.9 0.2 0.0
7(:5 513 1447 LK WFALL 69 1527 HOLLIDAY 69 TUEC - TUEC 42 10 931 59 0.0 0.0
® 514 1448 WFALLS 138 1449 WFALLS 69 TUEC - TUEC 100 13.5 86.5 0.0 0.0 0.0
3 519 1450 PLEASVAL 138 1451 PLEASVAL 69 TUEC - TUEC 100 43 93.0 26 0.0 0.0
((?) 523 1451 PLEASVAL 69 1518 IOWAPARK 69 TUEC - TUEC 62 59 87.3 6.8 0.0 0.0
8 115 1576 MINWLS 138 331 MILLERS§ TUEC - TUEC 215 0.0 0.1 999 0.0 0.0
N 558 1596 GRAHAMSS 138 1597 GRAHAMSS 69 TUEC - TUEC 60 122 84.9 2.8 0.0 0.0
g 560 1597 GRAHAMSS 69 1602 GRAHAM 69 TUEC - TUEC 48 52 85.1 9.7 0.0 0.0
s 593 1691 VALLEY 138 1758 PAYNE 138 TUEC - TUEC 251 153 76.8 1.9 0.0 0.0
'§ 601 1695 MOSES 345 1795 MOSES 138 TUEC -TUEC 150 0.3 85.6 14.1 0.0 0.0
%" 615 1759 PAYNE 69 1758 PAYNE 138 TUEC - TUEC 60 239 753 0.8 0.0 0.0
a8 620 1760 BONHM SS 138 1761 BONHM SS 69 TUEC - TUEC 50 23.6 70.4 6.0 0.0 0.0
3] 646 1873 BENBRK 345 1874 BENBRK A 138 TUEC - TUEC 500 43 80.7 15.0 0.0 0.0
g- 647 1873 BENBRK 345 1875 BENBRKB 138 TUEC - TUEC 500 42 79.3 16.5 0.0 0.0
g 653 1875 BENBRKB 138 1955 CALMONT 138 TUEC - TUEC 210 0.0 52.4 47.1 0.6 0.0
& R
g (continued)



& TABLE 4.2-16 (continued)
]
~N
3 Load Carried by Monitored Lines in 1990
] Reference Case - Converging Gas Prices
QA .
% Loadflow Data : Line Line Loading
e Line From Bus To Bus : Rating Under Over
< No. No. Name No. Name Company MW) 20% 50% 80% 100% 100%
3 : '
g. 678 1891 DECORDVA 138 2281 GODLEY 138 TUEC - TUEC 214 25.8 729 1.2 0.0 0.0
S 685 1907 VENUSN 345 1908 VENUS 138 TUEC - TUEC 450 19 92.9 52 0.0 0.0
: 706 1921  LIGGETT 345 1922 LIGGETT 138 TUEC - TUEC 450 02 646 352 0.0 0.0
g_ 745 1967 FSTHILL 138 1968 - FSTHILL 69 TUEC - TUEC 100 34 85.8 10.7 0.0 0.0
X 804 2279 = CLEBSS 138 2281 GODLEY 138 TUEC - TUEC 214 358 63.0 1.2 0.0 0.0
*2 811 2318 STERRET 69 2317 STERRET 138 TUEC - TUEC 50 447 553 0.0 0.0 0.0
53 834 2380 CLTNW 138 2385 ~NLAKE 138 TUEC - TUEC 224 83.6 14.1 22 0.0 0.0
850 2398 WLEVEE 345 2399 WLEVEE 138 TUEC - TUEC 600 0.4 76.4 233 0.0 0.0
851 2398 WLEVEE 345 2399 ©° WLEVEE 138 TUEC - TUEC 600 0.4 76.4 233 0.0 0.0
866 2407 NORWDDPL 138 2487  DENDRE 138 TUEC - TUEC 186 28 51.1 44.2 1.9 0.0
879 2420 CHILL 345 - 2421 CHILL 138 TUEC - TUEC 450 0.4 74.9 247 0.0 0.0
885 2428 WATMILL 345 2429 - WATMILL 138 TUEC - TUEC 450 0.2 67.0 327 0.0 0.0
904 2437 FORNEY 345 2453 CNVIL 345 TUEC - TUEC 526 0.0 46.3 53.4 0.3 0.0
934 2461 ROYSE 345 2462 ROYSE 138 TUEC - TUEC . 450 0.6 90.4 9.1 0.0 0.0
949 2470 RENERTPL 138 2468 RENER 345 TUEC - TUEC 450 0.0 78.8 21.2 0.0 0.0
958 2482 ELEVEE 138 2882 GRNVL W 138 TUEC - TUEC 186 6.7 52.9 404 00 0.0
965 2487 DENDRE 138 2489 DENDR1 69 TUEC - TUEC 83 12.0 86.6 13 0.0 0.0
959 2883 GRNVL E 138 2482 - ELEVEE 138 TUEC - TUEC 186 43 499 41.4 44 0.0
1085 3155 DIBOL 138 3331 = DIBOL WT 138 TUEC - TUEC 84 19.4 80.6 0.0 0.0 0.0
1093 3252 JACKSWES 69 3253 JACKSNVL 138 TUEC - TUEC 75 18.8 81.2 0.0 0.0 0.0
1119 3392 JEWETT 138 3503 FAIRFLDW 138 TUEC - TUEC 72 06 963 3.1 0.0 0.0
1163 3430 SANDOW 138 3659 THORNDAL 138 TUEC - TUEC 191 10.7 444 449 0.0 0.0
1197 3643 TEMP SS 69 3644 TEMP 69 TUEC - TUEC 48 29 958 13 0.0 0.0
1219 4001 ADICKS 8 138 4002 ADICKS 5 345 HLP - HLP 600 818 18.2 0.0 0.0 0.0
1233 4016 ALTAL98 138 4546 PHR S8138 HLP - HLP 168 1.8 90.3 8.0 0.0 0.0

SIT-¥
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TABLE 4.2-16 (continued)

S11-v

Load Carried by Monitored Lines in 1990
Reference Case - Converging Gas Prices

Loadflow Data Line — lLineloading

Line From Bus To Bus Rating Under Over
No. No. Name No. Name Company ™mMwW) 20% 50% 80% 100% 100%
1266 4043 BAYOU 8138 4082 BURDET 8 138 HLP .- HLP 337 334  66.6 0.0 0.0 0.0
1279 4050 BELAIRWS8 138 4051 BELAIR 5 345 HLP - HLP 600 50.5 495 0.0 0.0 0.0
1282 4050 BELAIRWS 138 4556 SANFLP 8 138 HLP - HLP 337 422 57.8 00 0.0 0.0
1331 4112 CEDARP 5 345 4383 KING 51345 HLP - HLP 872 159 517 32.1 0.3 0.0
1344 4134 HOCB9 69 4372 KARSTNY 69 HLP - HLP 31 - 484 51.1 0.5 00 0.0
1347 4135 HOC 8138 4462 NATCYL 8 138 HLP - HLP 337 455 54.1 0.4 0.0 0.0
1350 4135 HOC 8138 4515 POLK 8138 HLP - HLP 251 289 654 5.7 0.0 0.0
1376 4192 DOW3455 345 4714 VLASCOS8 138 HLP - HLP 600 143 84.4 1.3 0.0 0.0
1390 4219 ELDORA 8138 4431 MARYCK 8 138 HLP - HLP 337 0.6 79.7 19.7 0.0 0.0
1398 4235 FAIRBK 8 138 4736 THWWS8138 HLP - HLP © 313 265 735 0.0 0.0 0.0
1414 4249 FTBEND 8 138 4487 WAP 8138 HLP - HLP 337 296  68.4 1.9 0.0 0.0
1491 4462 NATCYL 8 138 4487 WAP 8138 HLP - HLP 340 40.8 58.3 0.9 0.0 0.0
1522 4515 POLK 8138 4700 UNIVER 8 138 HLP - HLP 251 35.8 58.9 53 0.0 0.0
1517 4546 PHRS8 138 4509 PILGRM 8 138 HLP - HLP 340 10.8 85.8 35 0.0 0.0
1539 4547 PHRNS 138 4617 S HOUS98 138 HLP - HLP 337 370  63.0 0.0 0.0 0.0
1505 4660 TEXINS 8 138 4487 WAP 8138 HLP - HLP 313 371 60.4 25 0.0 0.0
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‘because the system responds according to the laws of physics. Such a power surge would

likely cause an overload on some HL&P-TUEC lines which may cause the automatic
control system to cut them off from the grid. With those lines out, the power would

redistribute itself over the remaining lines and, again, could cause some lines to overload

“and cut off. Such a cascading effect could cause parts of the ERCOT network to be

blacked out -- a clearly unacceptable result. Thus, to ensure that the reliability of the
system continues to meet ERCOT criteria at higher transactions levels, it seems fairly

certain that more lines will have to be built or existing lines must be upgraded.

It should be noted that it is ERCOT’s, as well as other pbwer pools’, obligation to
prdvide an extremely reliable supply of electricity. Some studies suggest that the "social
costs" of a blackout are very high and it is not appropriate to assign dollar values to the
costs. A blackout in New York in 1977 resulted in exteﬁsive damage from vandalism
and theft; so that the appropriate degree of reliability is very difficult to determine in a
larger social context. Each year ERCOT perforfns a Transfer Limit Study to determine
the capability of the transmission grid to handle emergency situations. In this study, the
capability of the transmission network to handle power shipments between utilities is
calculated under normal and éontingency conditions. The contingency conditions are
created by assuming outages of selected critical transmission lines in the system. In the
next Chapter, a few scenarios are developed to test the effect of alternative outage or
transmission contingenﬁy conditions with the model constraining the dispatch of
available units to avoid overloads when such contingencies occur. The results of these
scenarios on the level of transactions within the ERCOT nétwork are then analyzed and

discussed.

Reference Case Assumptions and Results _ 4-117



4.2.6 Marginal Costs

Figures 4.2-15 through 4.2-18 show the marginal costs of the utility systems modeled
under own-load operation at different intervals for 1990 and 1995. While marginal costs
are pricing signals directing the flow of power, it should be noted that the marginal costs
(assuming diverging gas prices) are calculated based on "average fuel prices" and there is
approximately a $10/MWH to $20/MWH difference between the high aﬂd the low.
When the incremental prices, which are assumed equal for all the utilities, are used in the
converging fuel price casés, the high-low range is reduced to approximately $5/MWH to

10$/MWH, and the volume of transactions and savings are reduced.

Marginal costs for each interval correspond to the costs of operating the marginal units --
the last units loaded to satisfy generation requirements. There are two groups of
parameters that affect the system marginal cost: the price component of the marginal unit
itself and the relationship between the load and available capacity. While the effect of
the margi‘nal' unit’s price component is obvious, the effect of the load and capacity
relationships require some understanding about the economic dispatch process. Because
the units (strictly speaking, their capacity sections) are loaded one by one until the MW
demand is reached, the lower the demand, the cheaper the last unit loaded. The results
show that the load-capacity relationship is a very important component in driving
transactions. The high capacity reserves not only enhance the differences between

system marginal costs, they also represent potentially available capacity for shipments.

4.2.7 Historical Year Test Case

As suggested by the Commissioners after review of the Interim Report, a test case for
1986 was developed. The purpose of this case is to compare the model results against

actual 1986 data and provide some indication of the transactions and savings that could

4-118 Reference Case Assumptions and Results
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have been realized if ERCOT had then had mechanisms in place to fully coordinate
transactions. By developing two cases based on average and incremental fuel prices, the
model can also be evaluated against the utility dispatch by fuel type to determine whether

the calculated transactions would have violated ekisting utility constraints.

The inpﬁt data were taken from the database coliected at the PUCT using transmission
and loadflow data from ERCOT. The summary of annual generation and savings are
shown in Tables 4.2-17 and 4.2-18 and indicate a reduction of more than 50% in the
potential level of transactions when each utility’s incremental fuel prices are used. The
annual savings fall by nearly 80%. These results, Based on actual monthly data provided '
by the ERCOT utilities ahd converted into annual totals and averages, provide ample

support for the similar forecast results in the 1990 and 1995 reference cases.

Comparisons of generation patterns between own-load and pool operations are presented
in Tables 4.2-19 and 4.2-20. It should be noted that thé single fuel price limitation of the
MAPSMWFLOW model limits the ability to completely reproduce actual generation
patterns which take mto account the more complex interactiox} between fuel contracts and
spot markets. The use of the average gas pricé in the model tends to underestimate, while
the use of the incremental price tends to overestimate, their importance in determining
the actual generation and fuel mix for the ERCOT utilities. Tables 4.2-21 and 4.2-22

report the estimated fuel consumption under own-load and pool operations.

The results of these simulations confirm the potential for increased bulk ,power
transactions -through increased operating coordination among the ERCOT utilities,
although the current state of the natural gas market suggests that the limit of that potential
is the 14.7 billion KWH associated with the incremental gas price reference case.
Although the energy broker system did not come on line until November 1986, the
ERCOT utilities actually exchanged 2.2 billion KWH in 1986, and 2.6 billion in the first
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TABLE 4.2-17

Summary of Annual Generation and Total Savings in 1986:

Average Gas Prices
Generation (million KWH) Operating Cost* ($ million)
Own- Total Total Net Own- Adjusted
Load Pool Purchases Sales Sales Load = Pool Savingst Cost
COA 6,025 4,756 1,596 327 -1,269 129.7 96.7 = 6.7 123.0
LCRA 6,536 10,637 121 4,222 4,101 121.5 188.5 20.3 101.2
CPSB 10,828 15,057 460 4,689 4,229 218.9 311.3 16.5 202.4
HL&P 56,613 76,943 5 20,336 20,331 1,090.2 1,470.5 80.5 1,009.7
TUEC 80,180 56,152 24,126 98 -24,028 | 1,668.4 988.8 104.9 1,563.6
C&SW 22,524 19,161 4,412 1,050 -3,362 491.8 425.1 10.7 481.1
Total 182,706 182,706 30,720 30,720 3,7206  3,4809 - 239.6 3,480.9

*Cost includes only fuel and variable O&M.
1The method of calculating the savings allocation is discussed in Appendix A.
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TABLE 4.2-18

Summary of Annual Generation and Total Savings in 1986:
Incremental Gas Prices

SINS3Y puv Suoudwnssy asv)) aouadafoy

Generation (million KWH) Operating Cost* ($ million)

Own- Total Total Net Own- Adjusted

Load Pool Purchases Sales Sales Load Pool Savings} Cost
COA 6,025 3,023 3,070 69 -3,001 117.2 586 5.2 112.0
LCRA 6,536 8,084 324 1872 1,548 119.8 141.2 52 114.6
CPSB 10,828 11,756 1,097 2,026 929 193.8 211.2 4.5 189.3
HL&P 56,613 65,437 88 8,912 8,824 1,044.7 1,186.8 . 159 1,028.7
TUEC 80,180 78,309 3,646 1,775 - -1,871 1,202.2 1,154.6 8.8  1,1933
C&SW 22,524 16,096 6,485 57 - -6,428 417.8 291.7 11.6 406.2
Total 182,706 182,706 14,710 14,710 3,0955  3,044.2 51.2 3,044.2

*Cost includes only fuel and variable O&M.
+The method of calculating the savings allocation is discussed in Appendix A.
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TABLE 4.2-19 '
Electricity Generation by Fuel Type in 1986: '
Average Gas Prices o
(million KWH) 3
Gas Coal Lignite Oil Nuclear Others Total I
Own-Load Operation l
COA 2201 382 0 o 0 0 6025 ’
LCRA 4511 1905 0 0 0 119 6536 |
CPSB , 5,283 5,544 0 0 0 0 10,828
HL&P 32,829 8255 5,227 0 0 | 10,302 56,613 . i
TUEC 40,330 0 37,127 0 0 2,723 80,180 '
C&SW 19,020 3,504 0 0 0 0 22,524 )
Total 104,175 23,033 42,354 0 0 13,144 182,706 l
|
Pool Operation |
coA 1,037 3,719 0 0 0 0 4,756 I
LCRA 6,918 3,719 0 0 0 0 10,637
CPSB 9,585 5472 0 0 0 0 15,057 '
HL&P 49,559 11,774 5310 0 0 10,300 76,943 '
TUEC 16,326 0 37,232 0 0 25% 56,151
C&SW 16,197 2,965 0 0 0 0 19,161 '
Total 99622 27,647 42,542 0 0 12892 182,704 '
i
I
|
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TABLE 4.2-20

Electricity Generation by Fuel Type in 1986:
Incremental Gas Prices

(million KWH)

Gas Coal Lignite = - Oil Nuclear Others Total
Own-Load Ope raﬁon
COA 2,766 3,259 0 0 0 0 6,025
LCRA 4,771 1,646 0 0 0 119 6,536
CPSB 1875 2,953 0 0 0 0 10,828
HL&P 34269 7,498 4,545 0 0 10,302 56,613
TUEC 40,370 0 37,087 0 0 2,723 80,180
C&SW 20,826 1,697 - 0 0 0 0 22,524
Total 110,877 17,053 41,632 0 0 13,144 182,706
Pool ration
COA 374 2,649 0 0 0 0 3,023
LCRA 5434 2,649 0 0 0 0 8,084
CPSB 8,147 3,609 0 0 0 0 11,756
HL&P 41,672 8277 5,188 0 0 10,300 65,437
TUEC 38,485 0 37,231 0 0 2,592 78,308
C&SW 15,520 576 0 0 0 0 16,096
Total 109,632 17,760 42,419 0 0 12,892 182,704
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TABLE 4.2-21
Fuel Consumption in 1986:
Average Gas Prices
(billion BTU)

Gas Coal  Lignite Oil  Nuclear Total
Own-Load Operation
COA 24363 38254 0 0 0 62,617
LCRA 43884 19,569 0 0 0 63,453
CPSB 53447 58,165 0 0 0 111,612
HL&P 328,536 93,091 57,381 0 0 479,008
TUEC 415813 0 416484 212 0 832,508
C&SW 188,815 33,064 0o 4 0 221,883
Total 1,054,850 242,142 473865 216 0 1,771,081
Pool Operation
COA 12,538 37,89 0 0 0 49,727
LCRA 66,843 37,189 0 0 0 104,032
CPSB 96,961 57,557 0 0 0 154,518
HL&P 503,554 125466 58,241 0 0 687,261
TUEC 177,745 0 417,706 212 0 595663
C&SW 163,646 28,536 0 7 0 192,190
Total 1,021,288 285937 475947 219 0 1,783,391
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TABLE 4.2-22

Fuel Consum:tidn in 1986:
Incremental Gas Prices

(billion BTU)

Gas Coal  Lignite Ol  Nuclear Total
Own-Load ration
COA 29239 32567 0 0 0 61,806
LCRA 46230 17,424 0 0 0 63,654
CPSB 77890 32,061 0 0 0 109,951
HL&P 342,185 87220 - 50,398 0 0 479,803
TUEC 416,109 0 416,038 212 0 832,360
C&SW 210,065 17,141 0 4 0 227210
Total 1,121,720 186413 466,436 216 0 1,774,784
Pool Qp_gr’a’tion'
COA 4760 26,886 0 0 0 31,646
LCRA 52548 26,886 0 0 0 79,434
CPSB 81,458 = - 38,682 0 0 0 120,140
HL&P 414510 93271 56,980 0 0 564,762
TUEC . 391,127 0 417,691 212 0 . 809,031
C&SW 155,963 5,894 0 7 0 161,864
Total 1,100,367 191,619 474,672 219 0 1,766,878
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nine months of 1987. The difference between actual and potential transactions indicates
that the ERCOT broker system has the opportunity to grow at an even faster rate, and that
the individual utilities may need to give more consideration to purchased power as a
resource option. If the natural gas market should also begin to change rapidly, the
incentive to find available economical energy would be further enhanced. In any case,
the establishment of the brokerage system to coordinate transactions indicates that
ERCOT is seeking the opportunities and making an effort to take advantage of

economically and operationally feasible bulk power transactions.

4.3 Summary of Reference Case Results

The reference case results for 1986, 1990, and 1995 indicate that there are reasonable '

opportunities for bulk power transactions within the ERCOT system. However, the'

dollar values of potential annual cost savings are extremely sensitive to the particular
assumptions made about the future state of the natural gas market faced by the ERCOT
utilities. Because the potential economic savings are so variable, the upper limit of the
potential level of transactions also is variable, but in a smaller range. The range of future
potential transactions and savings is supported by the results of the historical 1986
reference cases under parallel, albeit hypothetical, assumptions about the gas market

structure and prices.

Under the assumption of converging natural gas prices, such that the future markets are
similar to those today, the reference case level of potential fransactions is 7.1% and 6.6%
of total system energy in 1990 and 1995, respectively, while the level of potential savings
would be limited to 1.3% and 1.6% of system variable operating costs. Under the
opposite assumption of divérging natural gas prices, in which the natural gas market

returned to only a long-term market with the relative position of the utilities’ gas prices
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unchanged, the reference case levels of potential transactions rise to 13.8% and 10.3%,
respectively, while the potential savings would increase to 5.6% and 4.7%, respectively.
The relative range of these variables is also supported by the reference case results from

the 1986 historical year.

The primary effect of pool operation is a decrease in gas-fired generation by TUEC in
each of the reference cases. ‘This‘decreasé is accompanied by an increase in gas-fired
generatiqn by HL&P and CPSB in the converging gas price case; or a much larger
increase by only HL&P in the diverging gas ;;rice case. LCRA and COA are also net
exporters of energy in the diverging gas price cases, but under converging gas prices,
COA becomes a small net importer. The reference case results for C&SW is mixed
between being a net impor;er or a net exporter, but in any of the cases, the net amount of

energy is small in relation to the total C&SW load.

If the method of split .savings discussed in Appendix A were used, TUEC would be the
primary benéﬁciaw ofa pool operation in all of the reference cases, with potential annual
savings fanging from 1.2% (assuming converging gas prices in 1995) to 5.4% (assuming
diverging gas prices in 1990). Because of TUEC’s tight capacity conditions, these
savings are a result of reducing output from relatiVely inefficient gas units which may
also be fueled by relatively expensive natural gas. -'HL&P, the primary exporter, would
accrue the second highest level of annual savings in all of the reference cases although
CPSB exports more energy in the 1995 converging gas price case. All of the other
ERCOT members would experience annual savings from pool operation as well. These
savings estimates do not include the effects of wheelihg charges or incremental

transmission losses.

Under normal operating conditions, the transmission system appears to be theoretically

capable of supporting the high levels of transactions shown with diverging gas prices.
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However, the reserve capacity of the ERCOT transmission system may be reduced to an
inadequate level causing the system to be less stable as well as less reliable. The model
results show ﬂ1at several transmission lines are loaded to their capacity limits during
some time periods to accommodate these transactions and would not be available for
emergency shipments of power which may cause a serious service curtailment. If the
transmission system were modified to address these concemns, the cost of the
modifications would reduce potential total savings. In the case of converging gas prices,
the level of transactions is much lower so that potential reliability considerations are

reduced, althbugh not totally eliminated.
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~ Chapter 5
Alternative Scenarios

The results of the reference césés in the previous chapter provide an estimate of potential
bulk power transactions and cost. savings which méy be realized through system
coordihaﬁon for twb alternative views of future natural gas prices. In addition to gas
prices, however, these estimates may be affected by other factors which may deviate
from the reference case assumptions. In this chapter several scenarios are explored in
order t;> examine the effects of changing such parametefs as transmission System
limitations, degrees of system coordination, demand forecast uncertainty, nuclear power
uncertainty, alternative fuel prices, cogeneration, potential gas supply disruption and DC
interconnection with neighboring reliability councils. Although -some of these factors
may vary under either diverging or converging gas prices, their impacts are the greatest
when the higher, diverging gas prices are used. Therefore, these alternative scenarios are

implemented with diverging gas prices only.

In the earlier transmission system limitation scenarios, additional lines were monitored
under normal and contingency condiﬁons. The contingency conditions were derived
from the Transfer Limitation Study performed by ERCOT in 1986 and 1987. With the
addition of some 200 monitored lines in all of the reference cases, the additional
monitored line case would be a redundancy and thus, no longer appears. Following the
December review meetings, further staff investigation revealed that the model considered
only partial transmission line contingencies, and did not consider the possible loss of
generating capacity -- a more serious contingency condition which poses the greatest
reliability problems for the ERCOT system. Thus, in order to avoid any
misinterpretation, the éarlier "contingency” scenario has been dropped. The reméu‘ning

transfer limit scenario, which uses a different solution algorithm, constrains the transfer
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capability to the levels reported in the 1987 ERCOT Transfer Limitation Study. This
scenario now provides an estimate of the impacts of the transmission limitations on the

economics of bulk power transactions under ERCOT’s defined outage conditions.

The alternative coordination arrangement scenarios are implemented in order to measure
the impacts of different degrees of coordination. In this section, two altemative
coordination arrangements are compared. In one arrangement, the utilities are assumed
to exchange only non-firm energy, as opposed to the reference cases in which both firm
and non-firm energy are exchanged. In the other arrangement, the utilities are assumed

to enhance the pooling operation by coordinating their maintenance scheduling.

In the demand sensitivity scenarios, alternative demand projections. by the PUCT and the
utilities are used to analyzé the effects of levels of demand on the bulk power

interchanges.

In the nuclear power uncertainty scenario, two test cases are made which assume the loss
of a unit of the Comanéhe Peak Nuclear Station or a unit of the South Texas Nuclear
Project for the entire year of 1990. These scenarios examine how bulk power
transactions could be used to mitigate the impacts of losing a nuclear (or any other large)

generating unit.

The alternative fuel price scenarios examine the potential changes in bulk power
transactions based on fuel substitution under various conditions of natural gas and other

fuel markets.

The cogeneration scenarios are implemented to examine the contribution of cogeneration
to the interconnected system, focusing on fuel displacement. Alternative levels of
cogeneration supply are modeled to measure the fuel displacement of conventional utility

generation by cogeneration.
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In the gas supply disruption scenario, historical data are analyzed and a list of operational
problems encountered during the extremely cold weather experienced in the winter of
1983 is compiled. The utilities’ preventive measures in response to the cold weather

supply disruption are also examined.

Fihally, the DC interconnection scenario represents an attempt to investigate the
economic benefits of power;‘exchange between ERCOT and other reliability councils.
Unfortunately, the data obtained from adjpinirig power pools were inadequate for
meaningful technical implementation of the scenario. And, since the December draft of
this report, the PUCT General Counsel’s office has provided the study staff with a legal

opinion which is discussed in Section 5.8.

5.1 Transmission System Limitation

Two cases using a different solution method are created 't‘ok explore the transmission
limitations of the ERCOT system under no-outage and outage conditions. Only the 1990
system conﬁguratidn is examined. The first case is used to provide a benchmark test
against the transactions level in the diverging pricé reference case. The second case then

imposes the transfer limits under defined outages for the summer peak hour with the

~ assumption that such outages would persist for the entire year in order to evaluate the

maximum potential transfer reduction.

In these two cases, individual transmission lines are not explicitly modeled. Instead, it is
assumed that there is a lump sum of "transfer limit" between any two utilities that is
independent of load and generation level. The transfer limits during peak hours under the
outage and no-outage conditions are presented in Tables 5.1-1 and 5.1-2, respectively.

These data are taken from the ERCOT 1987 Transmission Limitation Study.
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TABLE 5.1-1
1990 Transfer Limits : No Qutage Case
| (MW)
Delivering Utility
COA LCRA CPSB HL&P TUEC CP&L WTU
Importing |
Utility
COA 568 743 592 463 486 531
LCRA 1592 1522 1180 759 496 929
CPSB 1041 2336 1482 1325 472 1962
HL&P 1560 1598 1844 2216 488 2052
TUEC 1306 1668 1691 1136 471 1861
CP&L 400 2205 1268 1471 1397 2052
WTU 1168 1203 1203 1178 1370 458
_5-4 Alternative Scenarios

an N G AN aR an - s e oh o U oG8 e e



TABLE 5.1-2

1990 Transfer Limits : Qutage Case

- Delivering Utility
COA LCRA CPSB HL&P TUEC CP&L  WTU
hnpoﬂng . |
Utility
- COA 147 122 121 127 120 128
LCRA 1062 9717 987 575 458 693
CPSB 420 1265 1054 801 366 865
HL&P 914 1204 1211 922 427 832
TUEC 411 416 446 578 429 799
| CP&L 500 1361 1066 1392 900 860
WTU 336 355 367 453 1016 382‘
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While the solution technique is expected to give less accurate results, the comparison
between the no-outage and outage cases should approximately quantify the reduction in
transactions and savings when the outage conditions are imposed on the transmission

system. The results from these two cases are presented in Table 5.1-3.

As shown in Tablé 5.1-3, the no-outage case results in 29,477 million KWH  of
transactions and $257.4 million of savings which are higher than the results in the
reference case (diverging gas prices) by 5.3% and 4.0% respectively. The similarity in
results from the two cases are as expected because, although different solution methods
are employed, the basic assumptions are the same. Thus, these results support the
reference case results based on diverging fuel pricés and provide a benchmark for

comparison with the outage case.

The outage case reflects the reliability criteria adopted by ERCOT members for day to
day operation where as the system must survive the first contingency. By operating
within the limit of the contingency conditions, system operators can be certain that no
single outage will cause problems to the system. As shown in Table 5.1-3, when the
outage condition is imposed, the overall transaction level is reduced from 29,477 million
KWH to 20,955 million KWH (-28.9%), while savings are reduced from $257.4 million
to $187.2 million (-27.2%). Applying the percentages to the reference case results would
indicate that undcr‘ contingency conditions, the level of transactions would be limited to

19,912 million KWH while comparable savings would be reduced to $180.0 million.

If actual gas market conditions become such that greater levels of transactions are
possible, these contingency results can represent the absolute upper limits for firm
transactions within existing ERCOT guidelines which feQuire that the capacity of the
transmission system be operable after the occurrence of the first contingency. Any levels

of exchange greater than these limits would need to be fully interruptible. Under such
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TABLE 5.1-3
Summary of Interchange and Savings in 1990:
ERCOT Transfer Limitation
Interchange (million KWH) Savings ($ million)
No Outage - Outage No Outage Outage
Purchases Saies Net Sales Purchases Sales Net Sales |

COA 400 2,077 1,677 83 4,091 4,008 9.6 11.5
LCRA 314 ' 3206 ° 2982 385 2,241 1,856 159 116
CPSB 2,086 - 367 -1,719 3,179 221 -2,958 12.8 16.5
HL&P 53 21,522 21,469 51 13,826 13,775 96.6 66.4
TUEC 24,987 383 -24,604 12,781 430 -12,351 113.5 70.3
C&SW 1,637 1,832 195 4,476 146 -4,330 9.0 10.9
Total 29,477 29,477 20,955 20,955 257.4 187.2




/

conditions, substantially different provisions would have to be made for spinning reserve

throughout the system and would further reduce the potential savings.

This reduction in savings can be viewed as an opportunity cost of not being able to
exchange power due to the system limitations. This type of analysis also indicates the
need for new transmission lines to insure that the reliability of the system is not degraded

at higher transfer levels. In the case of converging gas prices, the reference case level of

transactions, 14,357 million KWH, is about 28% less than the contingency limits shown

above suggesting less potential for serious reliability problems.

5.2 Alternative Coordination Arrangements

The purpose of this section is to examine the effects of alternative degrees of
coordination upon the level of transactions among- ERCOT members in 1990. The pool
operations discussed in Chapter 4 and other sections in Chapter 5 do not include
coordinated maintenance scheduling among ERCOT members. The first scenario in this
section exainines the ixhpact of including coordinated maintenance scheduling in a pool
operation arrangement, and thus reflects a greater degree of coordination than the pool

operations in the reference case.

The results from the first scenario are shown in Table 5.2-1. The level of transactions
increases from 28,005 million KWH in the reference case to 28,615 million KWH, an
increase of only 2.2%. The total savings increase from $247.2 million in the reference
case to $252.9 million under pool operations with coordinated maintenance, an increase
of only 2.3%. The slight increases in transactions and savings indicate that the result
from the reference case is already approaching the optimum and coordinated
maintenance does not yield any significant improvement over the ERCOT maintenance

scheduling in the reference case.
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3 | TABLE 5.2-1
g Summary of Annual Generation and Total Savings in 1990:
% Coordinated Maintenance Scheduling
§
) ‘Generation (million KWH) ‘ ' Operating Cost* ($ million)
Own- Total Total Net Own- v Adjusted
Load Pool = Purchases Sales Sales Load Pool  Savingst Cost
COA 7,024 8,428 467 1,872 1,405 129.1 160.1 9.7 119.5
LCRA 7,858 10,916 171 3,229 3,058 1701 239.8 14.7 155.4
- CPSB 13,227 11,016 2,664 452 -2,212 279.4 201.9 15.7 263.7
HL&P 56,165 77,375 34 21,244 21,210 1,257.2 1,724.8 97.0 1,160.3
TUEC 94,338 71,245 23,372 279 -23 ,093 2,010.4 1,270.9 107.7 1,902.6
C&SW 24,052 23,684 1,908 1,539 -369 551.8 547.6 8.1 543.7
Total 202,664 202,664 | 28,615 28,615 | 4,398.1 4,145.2 2529 4,145.2
*Cost includes only fuel and variable O&M.
1The method of calculating the savings allocation is discussed in Appendix A.
o



The second scenario in this section simulates a level of coordination characteristic of the
ERCOT brokerage system where only non-firm transactions are involved. Unlike the
reference case where the units are committed to minimize the cost of the entire pool, in
this alternative scenario each company first commits its own units to meet its native load.
In the reference case, some utiliﬁes may not have enough reserves to supply their own
load. Thus, at least some of their purchased power would have to be non-interruptible.
In this alternative scenario, each utility always maintains adequaté reserves to meet its

native demand. Therefore, the potential transactions are fully interruptible.

The results from the non-firm transactions scenario are shown in Table 5.2-2. The level
of transactions decreases to 11,964 million KWH while total savings decrease to $82.4
million when the commitment logic is constrained to satisfy these native load criteria.
This constraint decreases the level of transactions by approximately 57% and the total
savings by nearly 67%. The results indicate that an ERCOT brokerage system based
upon only non-firm energy transactions captures less than half of the benefits which
could be derived from fully coordinated operations. The other share of the savings
achieved by pool operations is presumably due to capacity transactions, under which one
utility makes a firm commitment to provide power to another utility. Recognition of
these expanded opportunities may be facilitated by information gained through more
experience with the operation of the brokerage system and might lead to additional
contract purchases. Such purchases combined with non-firm transactions should not

exceed the reliability limits suggested in Section 5.1.2.

5.3 Demand Growth Sensitivity

Electricity demand is among the most important factors that determine the economic

feasibility of bulk power transmission in Texas. Since the construction period for most
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§ TABLE 5.2-2
8
S Summary of Annual Generation and Total Savings in 1990:
% Non-Firm Transactions
g .
& Generation (million KWH) _ ‘Operating Cost* ($ million)
Own- Total Total Net Own- Adjusted
Load Pool  Purchases Sales - Sales Load Pool Savingst Cost
COA 7,024 8,213 49 1,238 1,189 126.0 1536 4.8 121.2
LCRA 7,858 9,384 197 1,723 1,526 170.8 204.3 8.6 162.2
CPSB 13,227 14,325 228 1,326 1,098 276.2 303.0 41 2721
HL&P 56,165 59,723 160 3,719 3,559 1,256.7 1,334.6 15.1 1,241.6
TUEC 94,338 84,093 10,685 440 = -10,245 2,005.2 1,678.1 39.0 1,966.2
C&SW 24,052 26,927 645 3,519 2,874 546.1 624.9 10.7 5354
Total 202,664 202,664 11,964 11,964 | 43810 4,298.6 824 4,298.6

*Cost includes only fuel and variable O&M.
1The method of calculating the savings allocation is dlscussed in Appendlx A.
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base load plants is from 7 to 10 years and the lifetime from 30 to 40 years, capacity
planning relies heavily on long-term demand forecasts. As a result, excess capacity or
capacity shortfalls can occur when realized demand does not match forecasted demand.
In both cases, the economics of power pooling can be affected. In general, excess
capacity fof a utility creates an opportunity to sell energy economically to other utilities
within the system, while a shortfall in capacity leads to a purchase of energy from
neighboring utilities. Thus, an optimal power interchange pattern which depends upon
demand conditions and-the capacity structure of the participatiné utilities, may be

determined.

5.3.1 Demand Uncertainty in Texas

The impact 6f changes in electricity demand is discussed under the assumption that
capacity additions and retirements, fuel prices, and other cost parameters remain
constant. The demand for electricity is frequently expressed as a function of
demographic factors, weather variables, energy prices, and other economic indicators.
The utilities’ revised demand projections are significantly lower than those anticipated
only a few years ago. This is due to the recent economic slowdown in the state of Texas
and changes in consumption characteristics in response to changes in energy pricés and
utility sponsored conservation/load management programs. Residential and commercial
customers are expected to implement conservation measures to increase their energy
efficiency while industrial customers may seek alternative sources of electricity to reduce

their overall energy costs in addition to implementing conservation measures.

Table 5.3-1 contrasts the demand forecasts filed by the utilities in December 1985 with
revised forecasts reported by some utilities in 1987. The numbers illustrate the

difficulties and degree of uncertainty that the forecasters are facing. In recent years, the
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TABLE 5.3-1

Changes in Utility Peak Demand Forecast
MW)

1990 1995

1986 Recent .Change 1986 Recent Change

Forecast Update (%) Forecast Update (%)

COA 1,786 1,786 00 - 2,281 2,281 0.0
LCRA 2,016 1511 250 2943 1,901  -354
CPSB 2,969 - 2,974 0.2 3,687 3,689 0.0
HL&P 11926 10201 -145 14101 11201  -20.6
TUEC 18,053 17,998 0.0 20,910 20,854 -0.0
CP&L 3300 -+ 3213 2.9 4,159 3,848 1.5
WTU 1,346 1,314 2.4 1,467 1,468 0.0

(Source)

1986 Forecast : Long-Term Electric Peak Demand and Capacity Resource Forecast for Texas 1986,

Volume 2.
Recent Forecast : Load forecast obtained from utilities as of April 1987.
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changes in Texas economy have been quite drastic, which is reflected in the downward
revision of the demand projections. For example, LCRA reduced its 1995 projected
demand by 35.4 percent from last year. Similarly, HL&P also reduced its 1995 projected
demand by 20.6 percent. These uncertainties make accurate long-range capacity
planning extremely difficult. Two potential extreme results would be for all utilities to
have excess capacity or for all utilities to have capacity shortages. A more likely
situation is that some utilities would have shortages while others would have excess

capacity, thus providing the potential for exchanges of power.

To analyze bulk power transactions under demand uncertainties, demand projections by
the PUCT and the utilities are used to examine demand sensitivity in 1990 and 1995.
The utility projections are obtained from individual utilities as of November 1987. These
projections are shown in Table 5.3-1. The reference cases are based on the columns
labeled "Recent Update" while the High and Low Projection Cases are 5% above and
below those values. Only the years 1990 and 1995 are investigated in this analysis.

Please note that the use of the recent update utility projections in the reference case for
both 1990 and 1995 is a substantial change from the forecasts that were called the "base
case" in earlier versions of this report and, thus the range of the forecasts from High to

Low is considerably lower as well.

5.3.2 Results

The discussion in this section focuses on the interchange patterns and savings for 1990
and 1995. The savings are the differences in variable operating costs between the
hypothetical own-load and pool operations. Note that the capacity projections are

assumed to be the same in all the test cases.
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5.3.2.1 Reserve Margins

One of the factors which determines the level of transactions is the amount of excess

'capacity available for export. It is represented by the annual reserve margin which is the

difference between total installed capacity and annual peak demand expressed as a
percent of annual peak demand. If all other parameters are identical, utilities with higher -

reserve margins will tend to export power to those with lower reserve margins.

The reserve margins under the different demand cases for 1990 and 1995 are shown in
Figures 5.3-1 and 5.3-2, respectively. In the reference case for 1990, COA, LCRA, and
HL&P reserve margins are expected to be over 30%, while TUEC’s reserves have fallen
to less than 20%. In the low and high cases for 1990, the demand is adjusted for all
utilities by the same proportion. Therefore, the reserve margins in the low cascblare

higher for all utilities while the reserve margins in the high case are lower for all utilities.

In the reference case for 1995 LCRA, CPSB, and HL&P reserve margins are expected to
be over 25%, while COA, C&SW, and TUEC reserve margins have fallen to less than
20%. In the low and high cases for 1995, demand is again adjusted’ for all utilities by the
same proportion. Therefore, the reserve margins in the low case are higher for all

utilities while the reserve margins in the high case are lower for all utilities.

5.3.2.2 Energy Interchange and Savings

- As explained earlier, energy interchange takes place whenever an opportunity arises for

more economical units to be utilized in place of less economical units. The sensitivity to
demand is such that the projected level of‘ehergy transactions for some utiliti_es can
change considerably from one case to another. In addition, the location and timing of
either excess supply or a demand shortfall is crucial in determining the feasibility of

transactions within the transmission network.

Alternative Scenarios : ' 5-15
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Tables 5.3-2 and 5.3-3 show the 1990 annual summary of enefgy interchange and savings
for the low demand case and high demand case, respectively. The summary for the
utility-projected demand case, which is the reference case, is shown in Table 4.2-1. The

amount of energy interchanged indicates that TUEC is still the largest buyer, while

HL&P is the largest seller. In general, changes in demand can contribute significantly to

changes in the amount of power transactions while the direction of interchange remains

the same.

In the low demand case, transactions fall by 4.3% while savings are reduced by 5.3%. In
the high demand case, transactions change by the nearly negligible amounts of 1.5% and
2.5%, respectively. This latter result is another indicatidn that the transmission system
capacity is being fully utilized in the reference case and that changes in other parameters

do not appreciably increase the limit.

Tables 5.3-4 and 5.3-5 show the 1995 annual summary of energy interchange and savings
for the low and high demand cases, respectively. The summary for the utility-projected
demand case, which is the reference case, is shown in Tablé 4.2-3. The amount of energy
interchange indicates that TUEC is still the largest buyer, while HL&P is the largest

seller.

In the low demand case, transactions fall by 6.1% while savings are reduced by 3.6%. In
the high demand case, transactions and savings increase by 7.6% and 6.2%, respectively.
This latter result is an indication that while the transmission system capacity is being
almost fully utilized in the reference case, TUEC’s generation capacity shortfall requires

it to import more energy to compensate for the increased demand on its resources.
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§ TABLE 5.3-2
3.
bS Summary of Annual Generation and Total Savings in 1990:
% Low Demand
: | o
53 Generation (million KWH) - Operating Cost* ($ million)
Own- . Total Total Net ~ Own- Adjusted
Load Pool Purchases Sales Sales Load ~  Pool - Savingst Cost
COA 6,641 7,646 487 1,491 1,004 118.4 139.7 79 110.6
LCRA - 17445 10,360 357 3,273 2916 161.3 227.5 151 146.2
CPSB 12,566 10,360 2,494 289 -2,205 261.1 182.3 16.1 245.1
HL&P 53,357 73,403 64 20,111 20,047 1,199.7 1,635.3 896  1,110.1
TUEC 89,621 | 68,666 21,402 446 -20,956 1,858.6 1,193.8 98.5 lv,760.l
C&SW 22,867 22,061 1,999 1,193 -806 516.5 503.0 6.9 509.6
Total 192,496 192,496 26,803 26,803 | 4,1156  3,881.6 234.0 3,881.6

*Cost includes only fuel and variable O&M.
1The method of calculating the savings allocation is discussed in Appendix A
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TABLE 5.3-3

Summary of Annual Generation and Total Savings in 1990:

High Demand
Generation (million KWH) ' Operating Cost* ($ million)
Own- Total Total Net Own- R Adjusted
Load Pool Purchases Sales Sales Load Pool Savingst Cost
COA 7,407 9,257 392 2,243 1,851 137.2 182.4 103 126.9
LCRA 8,272 11,328 202 3,259 3,057 180.5 2489 16.0 164.5
CPSB 13,888 12,197 2,166 475 -1,691 298.6 239.8 12.2 286.3
HL&P 58973 79,804 41 20,872 20,831 1,313.6 1,780.4 96.1 | 1,217.5
TUEC 99,055 75,431 23,894 271 -23,623 2,174.3 1,404.6 1123 2,062.0
C&SW 25,238 24 815 1,722 1,299 -423 584.9 579.9 6.2 578.7
Total 212,833 - 212,833 28,418 28,418 | 4,689.1 44360 253.2 4,436.0

*Cost includes only fuel and variable O&M.
1+The method of calculating the savings allocation is discussed in Appendix A.
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§_ TABLE 5.3-4
3 Summary of Annual Generation and Total Savings in 1995:
5 Low Demand
g |
) Generation (million KWH) Operating Cost* ($ million)
Own- Total Total Net Own- -+ Adjusted
Load Pool Purchases Sales Sales Load Pool Savingst Cost
COA 8,718 8,570 963 815 -148 234.8 222.1 119 2229
LCRA | 9,678 11,511 497 2,330 1,833 301.3 3637 203 2809
CPSB 16,105 17,046 947 1,888 941 449 4 | 452.5 26.2 4232
HL&P | 58,691 73,212 736 15,257 14,521 1,769.8 2,280.5 113.8 1,656.0
TUEC 108,616 93,340 17,061 1,785 -15,276 | 3,330 2,498.0 1474 = 3,190.6
C&SW 27,297 25,427 3,017 1,147 -1,870 | 928.1 862.8 222 905.9
Total 229,106 229,106 23,222 23,222 N 70214 66796 3418 6,679.6

*Cost includes only fuel and variable O&M.
+The method of calculating the savings allocation is discussed in Appendix A.
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TABLE 5.3-5

Summary of Annual Generation and Total Savings in 1995:

High Demand
Generation (million KWH) Operating Cost* ($ million)
Own- Total Total Net Own- Adjusted
Load Pool Purchases Sales Sales Load Pool Savingst Cost
COA 9,702 10,850 569 1,717 1,148 2741 3188 14.0 260.1
LCRA 10,740 12,638 410 2,308 - 1,898 340.6 4023 206 3199
CPSB - 17,801 20,356 337 2,893 2,556 514.1 603.5 21.5 492.6
HL&P 64,869 81,384 602 17,118 . 16,516 1,9713  2,5724 129.3 1,842.0
TUEC 120,050 - 99,100 22,186 1,236 -20,950 39192  2791.1 © 169.0 3,750.2
C&SW 30,112 28,945 2,530 1,363 -1,167 1,055.1 1,009.6 223 1,032.8
Total 253,273 253,273 26,635 26,635 | 8,0744  7,697.7 376.7 7,697.7

*Cost includes only fuel and variable O&M.
1The method of calculating the savings allocation is discussed in Appendix A.
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5.3.3 Summary of Demand Sensitivity Scenarios

Under demand variations the direction of power flow is not changed significantly but the
amount exchanged is altered. When the demand forecast is lowered the level of
transactions and savings are lowered, approximately in proportion to the change in

demand. However, the converse with high demand is not necessarily true. Higher

- demands can be accommodated only if transmission capacity is available. In all of the

cases TUEC remains the major buyer while HL&P remains the major seller. This is not
unexpected because the two companies combined comprise over 70 percent of generating

capability of the utilities in the model.

With uncertainties in demand projections, the utilities can still take advantage of power
exchanges to lower operating costs. The level of transactions and savings depend on the

relationship of demand to generating capacity surplus or deficit. For selling utilities,

increases in demand will increase the amount of exports. For buying utilities, increases

in demand will provide greater incentives to buy more.

5.4 Nuclear Power Uncertainties

The following two cases examine the potential benefits of system coordination under
supply interruptions. In one case, a unit of Comanche Peak is assumed to be unavailable.
In the other, a unit of the South Texas Nuclear Project is assumed to be unavailable. The

reasons for the supply curtailments are not addressed.

5.4.1 Impacts of Losing Nuclear Units: Own-Load Operations

Table 5.4-1 shows the operating costs of individual systems under own-load operations

when one of the two nuclear units do not produce any electricity. As expected, the losses
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TABLE 54-1

1990 Generation and Operating Costs under Nuclear Uncertainty Cases:
Own-Load Operations '
Operating Cost ($million)*
Refer- =~ Losing Losing
Generation ence a Unit of a Unit of
(million KWH) Case = Comanche Peak South Texas

COA_ - 7,024 127.7 127.7 145.8
LCRA  7.858 1709 1709 172.0
CPSB 13,227 279.4 2794 | - 316.1
HL&P 56,165 - 1,256.4 1,256.4 1,279.6
TUEC 94,338 2,013.6 2,156.0 2,013.6
C&SW 24,052 550.0 550.0 583.0
Total 202,664 4,398.0 4,540.4 4,510.1

* Costs include only fuel and variable O&M.

Alternative Scenarios
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of the nuclear units iricrease total operating costs. In the reference cases where both

~ nuclear units are available, the total operating cost of all the systems is $4,398.0 million.

In the event of losiné a Comanche Peak or a South Texas unit, - the total operating costs

rise to $4,540.4 million and $4,510.1 million, respectively.

~ Under own-load operations, only owners of the unavailable units are affected, except for

a slight increase in operating cost for LCRA which is due to increased use of generating

resources which it jointly owns with COA. The overall impact is less severe in the

South Texas case. One possible explanation is that the owners of the South Texas units

generally have higher reserve capacities than TUEC, the only Comanche Peak owner
modeled in this study. Owners of the South Texas unit such as COA and HL&P still
have relatively low-cost units to compensate for the loss of the nuclear unit. On the other
hand, TUEC must use relatively expensive units to make up for the loss of the Comanche

Peak unit.

5.4.2 Impacts of Losing Nuclear Units: Pool Operations

Table 5.4-2 shows the impact of losing a nuclear unit under pool operation. Losing either
the Comanche Peak or the South Texas unit raises the total pool operating cost from
$4,150.8 million to $4,256.2 and $4,2_69.0, respectively. Compared to the own-load

operation, power pooling results in savings of $284.2 million in the case of losing the

‘Comanche peak unit and $241.1 million in the case of losing the South Texas Unit.

Under pool operations, losing the nuclear units affects both operating costs and energy
exchahge patterns. In the case of losing Comanche Peak, only TUEC is negatively
affected. Under pool operation, the impacts are less severe. For example, without power
pooling, losing the Comanche Peak unit would increésc TUEC’s. operating cost to

$2,156.0 million. With power pooling, losing the Comanche Peak unit would bring

Alternative Scenarios 5-25



TABLE 5.4-2
1990 Generation and Operating Costs Under Nuclear Power Uncertainty Cases:
Pool Operations
- ‘ Adjusted
Generation (million KWH) Operating Cost ($million)*
Losing Losing Losing Losing
Refer- a Unit of a Unit of Refer- aUnitof aUnitof
ence ‘Comanche South ence Comanche South
Case Peak Texas Case Peak Texas
COA 8,444 8,804 7.957 1186  117.7 136.8
LCRA 10,872 11,139 11,317 | 1554 ‘1539 1557
CPSB 11,156 11,508 9,873 2654  266.7 299.9
HL&P 76,957 78,818 77,767 1,161.5 1,146.3 1,186.2
TUEC - 71,552 68,090 72,612 1,9059  2,027.5 1,914.5
C&SW 23,684 24,306 23,138 544.0 544.2 575.9
Total - 202,664 202,664 202,664  4,150.8 42562 42690
* Costs include only fuel and variable O&M.
5-26 - Alternative Scenarios
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TUEC’s operating cost to $2,027.5 million, a saving of $128.5 million. Losing the
Comanche Peak unit also increases power transactions between TUEC and the other
utilities. The results shown in Table 5.4-2 indicate an increase in generation from the
other five systems when TUEC loses the Comanche Peak unit. These increases in

generation result in more energy sales to TUEC and more net savings to the sellers.

In the case of losing the South Texas unit, all the utilities are affected, including TUEC.
Unlike the Comanche Peak case, losing the South Texas unit’ causes a reduction in power
transactions. This is becéuse all owners of the South Texas unit are net exporters except
CPSB. Losing the unit decreases their capabilities to sell power. The resulting decrease
in power transactions reduces benefits to both buyers and sellers and total savings fall by

2.7%.

5.4.3 System Reliability

The loss of Comanche Peak under the own;load' operation increases the probability of
capacity deficiency during the summer peak intervals in 1990. Similarly, annual
generation requirements include a small amount of emergency energy. Under the pool
operation, TUEC can import energy to make up for these deficiencies, demonstrating
that increased system coordination helps improve systein reliability as well as operating

economies.

-5.4.4 Summary of Nuclear Power Uncertainty Case Results

The results of the two cases where the systems are tested under conditions in which large
economical units become unavailable demonstrate that the benefits from increased
system coordination extend far beyond short-term economies under normal operating

conditions. System coordination to allow bulk power transfer also gives the system more
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capability to-mitigate the impacts of prolonged supply disruptions. The results from

these two cases also reinforce the finding in the reference cases that excess capacity is

one of the most important driving factors in bulk power transactions.

5.5 Fhel Scenarios

The price volatility that natural bg,as and oil have exhibited in the past two decades
indicates that fuel price is a substantial source of uncertainty in production cost
forecasting. Indeed, it is this fundamental uncertainty which required the addition of the
converging gas price reference cases in Chapter 4. As a result of that change, the earlier
cases with differing fuel prices found in (then) sections 5.5.1 through 5.5.6 are no longer
necessary. In this section, only two additional scenarios are déveloped in order to
determine whether the effects of other variations in fuel prices have any significant effect
on the level of transactions and savings. Only comparisons to the diverging gas price

reference cases are necessary, as will be explained in the summary in Section 5.5.3.

5.5.1 1990 High Gas Prices

The 1990 high gas price case assumes that the naturai gas prices paid by utilities in the
diverging gas price reference case are increased by 10% across the board. As shown in
Table 5.5-1, when compared to the reference case results in Table 4.2-11, the primary
effect is to increase inter-fuel substitution in both own-load and pool operation. Most of
this substitution comes from coal-fired generation where BTU consumption increases by
approximately 20,000 billion BTU while gas consumption decreases by a like amount.
Total BTU consumption is nearly unchanged which indicates that relative efficiency of

the more heavily loaded coal units is comparable to the gas units being backed down.
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TABLE55-1
Fuel Consumption in 1990:
High Gas Prices
(billion BTU)

Gas Coal  Lignite Oil  Nuclear Total
Own-Load ngation
}CVOA 14,723 34,340 0 0 23529 72,591
LCRA 18,748 59,964 0 0 0 78,712 -
CPSB 39,133 57,023 0 0 40,532 136,687
HL&P 239406 107,059 92,720 0 45116 484,301
TUEC 405,936 0 409,681 226 128,464 944,307
C&SW 121,583 81,582 0 12 -37494 240,671
Total 839,528 339,967 502,401 238 275,136 1,957,270
Pool Operation
COA 23,844 38,728 0 0 23,800 86,372
LCRA 41,378 66,497 0 0 0 107,875
CPSB 14,459 61,416 0 0 41,651 117,526
HL&P 406,340 137,030 96,747 0 45816 685,934
TUEC 173,601 0 414,861 226 128,477 717,256
C&SW 127,909 79,665 0 8 37,486 245,067
Total 787,621 383,336 511,609 233 277,230 1,960,029
Alternative Scenarios -5-29



The effect on transactions can be seen by comparing Table 5.5-2 with the reference case
in Table 4.2-1. The total cost for both own-load and pool operation are shown to
/increase, as expected, and total savings increases from $247.2 million to $284.7 million.

However, the more significant result is that the level of transactions remains nearly

‘constant, decreasing only from 28.0 billion KWH to 27.7 billion KWH (1.0%). This |

result also supports the conclusion that the diverging gas price reference case is the upper
bound of transactions and that upward changes in the gas price only inflates the level of

savings disproportionately by some 15% with no real improvement in system operations.

5.5.2 1995 High Gas Prices

The 1995 high gas pri,cé case also assumes that the natural gas priées paid by utilities in
the diverging gas price reference case are increased by 10% across the board. As shown
in Table 5.5-3, when compared to the reference case results in Table 4.2-13, the primary
effect is again to increase inter-fuél substitution in both own-load and pool operation. In
this case, too, most of this substituﬁoﬁ comes from coal-fired generation where BTU
consumption increases by approximately 10,000 billion BTU While gas consumption
decreases by a like amount. Again, total BTU consumption in this case is nearly
unchanged which indicates that the relative efficiency of the more heavily loaded coal

units is comparable to the gas units being backed down.

5.5.3 Summary of Fuel Scenarios

The higher gas price cases discussed in Sections 5.5.1 and 5.5.2 indicate that above a
certain level of divergence in the gas prices paid by the ERCOT utilities, all potential
transactions are being obtained, and that the transmission system constraints prevent any

further increase. Increases in gas prices result in higher total operating costs and
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g TABLE 5.5-2
3 :
S Summary of Annual Generation and Total Savings in 1990:
% High Gas Prices
8 | 7
3. .
S Generation (million KWH) Operating Cost* ($ million)
Own- - Total Total Net Own- ' | Adjusted
Load Pool Purchases Sales Sales Load Pool Savingst - Cost
COA 7,024 8,372 442 1,790 1,348 131.1 163.7 105 120.7
LCRA 7,858 10,805 265 3,212 2,947 175.6 2468 179 157.6
CPSB 13,227 11355 = 27314 442 -1,872 291.6 215.0 17.1 274.5
HL&P 56,165 76,300 76 20,211 20,135 1,3004 1,7904 1063 1,203.0
TUEC 94,338 71,416 23,275 353 -22,922 2,140.1 1,330.7 1247 - 20154
C&SW 24,052 24416 | 1,346 1,710 364 5754 591.9 8.1 567.3
Total 202,664 202,664 27,718 27,718 o 4,623.2 43385 284.7 4,338.5

*Cost includes only fuel and variable O&M.
1The method of calculating the savings allocation is discussed in Appendix A.
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TABLE 5.5-3
Fuel Cbnsumption in 1995:
High Gas Prices
(billion BTU)

Gas  Coal Lignite O Nuclear Total
Own-Load Operation
COA 30,683 37,623 0 0 23,791 92,096
LCRA 22,407 80,139 0 0 0 102545
CPSB 28,195 106,971 0 0 41,178 176,343
HL&P 245454 142,698 182,058 0 45843 616,053
TUEC 360,319 39,352 554,156 348 127,508 1,081,683
C&SW 156,558 92,738 0 39 -37,507 286,841
Total | 843,614 499,520 736,214 387 275826 2,355,562
Pool tion
COA 33,048 38,759 0 0 23,803 95,610
LCRA 40,328 81,572 0 0 0 121,900
CPSB 26,790 124,144 0 0 41,655 192,590
HL&P 392,323 152,046 180,826 0 45820 771,017
TUEC 179,402 27,728 574,022 396 128,382 909,929
C&SW 144,755 88,811 0 8 37,489 271,063
Total 816,647 513,061 754,848 403 277,149 2,362,109
5-32
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g
g TABLE 5.5-4
3 -
S Summary of Annual Generation and Total Savings in 1995:
% High Gas Prices
g |
g Generation (million KWH) ' Operating Cost* ($ million)
Own- Total Total Net Own- Adjusted
Load Pool  Purchases Sales Sales Load Pool Savingst Cost -
COA 9,210 9;556 811 1,157 346 - 266.1 276.2 139 252.2
LCRA 10,209 12,106 421 2318 - 1,897 328.6 3994 218 306.8
CPSB 16,953 18,614 598 2,259 1,661 495.1 535.8 275 467.6
HL&P 61,780 77,050 716 15,986 15,270 1,955.4 2,552.6 1323 -1,823.1
TUEC 114,333 - 96,793 19,073 1,533 -17,540 38157 2,767.8 1735 3,642.2
C&SW 28,705 27,071 2911 1,277 -1,634 1,0564  990.5 26.1 1,030.2
Total 241,190 241,190 24,529 24,529 | | 79173 17,5222 3951 7,522.2

*Cost includes only fuel and variable O&M. '
1The method of calculating the savings allocation is discussed in Appendix A.
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artificially inflate the dollar value of annual cost savings from pool operations without
changing the potential level of transactions. Similarly, the total BTU required to produce
the required energy is nearly constant, but gas usage is displaced by higher utilization of

coal plants.

At the opposite end of the gas price spectrum, as shown in the converging gas price case
where all the utilities are assumed to face the same low price, a different situation exists.
As the price falls and the inter-utility price differential is eliminated, the only potential
fdr transactions is a result of the demand/sﬁpply relationships and relative efficiencies of
the natural gas plants in operation, and the maximum potential transactions fall by
approximately 50% compared to the diverging gas price reference case Or any cases with
higher gas prices. However, after reaéhirig this level, further reductions in the level of
gas prices may slightly reduce the level of transactions, but causes the disproportionately
lower potential level of savings to remain essentially conétant. This conclusion is the
same as shown in the earlier version of this report when an artificially low gas price of
$2.10/MMBTU was '.assumed and savings were approximately $52 million. In the
current converging gas pricé case, the price is assumed to be $2.46/MMBTU as
recommended by ERCOT and savings are some $56 million. Thus, if a price 15% lower
were used, the potential savings only fall by 7%. The highly non-linear relationship
between gas prices, transactions, and savings is apparent at both ends of the gas price and

differential spectrum.

5.6 Cogeneration Scenarios

Two cogeneration cases have been developed in order to examine a limited set of price
and reliability issues. The primary focus of these cases is to examine how cogeneration

impacts fuel consumption by ERCOT utilities, under both own-load and pool operations.
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~In the earlier version of this report, two extreme cases of No Cogeneration and High

Load-High Cogeneration were reported. The first of these is quite unrealistic and, with
the change in the forecast used in the reference cases, the second case is equally
implausible. Both have been dropped. Further analysis of the Alternative-to-

Cogeneration case has shown that without the ab111ty to include capital costs -and fixed

- O&M costs, the results using only fuel displacement and variable operating costs can be

| very misleading and confusing. This case, too, has been dropped.

A list of the cogeneration contracts which are included in the reference case is provided
in Table 4.4-1. The two cases which examine the cogeneration fuel displacement issue
are constructed by adding or subtracting 15% of the reference case cogeneration and are

described below.

5.6.1 1990 Low Cogeneration

This scenario examines the fuel displacement issue in 1990 when the level of
cogeneration is assumed to be 15% lower than in the diverging gas price reference case.
The distribution of fuel consumption for own-load and pool operation is shown in Table
5.6-1 while transactiqns levels and variable ,dperating costs are shown in Table 5.6-2.
The change in utility and total fuel usage is shown in Figure 5.6;1. Comparable.

reference case information can be found in Tables 4.2-11 and 4.2-1 and Figure 4.2-11. ;.

When the lower amount of cogeneration is assumed in the own-load operation m_ode,
only HL&P and TUEC are affected since they are the only utilities contracting for
cogenerated energy. They replace the loss of the cogenerated energy by increasing their
use of conventional generating capacity. HL&P increases its use of gas, coal, and lignite

by 4.1%, 1.7%, -and 2.0%, respectively, for a total BTU increase of 3.0%. Comparable

Alternative Scenarios | 5-35



TABLE 5.6-1

Fuel Consumption in 1990:
Low Cogeneration

(billion BTU)

Gas Coal Lignite Oil  Nuclear Totva.l
Own-Load ration
COA 15,128 33,813 0 0 23529 72,470
LCRA 22,109 56,048 0 0 0 78,157
CPSB 39,132 57,023 0 0 - 40,532 136,687
HL&P 268,156 91,155 94,596 0 45,460 499,367
TUEC 415814 0 410,737 ’ 226 128,469 055,245
C&SW 123,024 80,343 0 12 37,503 240,882
Total 883,363 318,382 505,333 238 275493 . 1,982,809
Pool ration
COA 26,547 38,040 0 0 23 ,803 88,390
LCRA 44,775 64,738 0 0 0 109,513
CPSB 16,683 59,047 0 0 41,655 117,385
HL&P 429,497 128,250 97,108 0 45,820 700,675
TUEC 184,535 0 415,626 226 128477 728,864
C&SW 125,865 77,079 0 8 37,489 240,441
Total 827,903 367,154 512,734 233 277,244 1,985,268
5-36 Alternative Scenarios
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g TABLE 5.6-2
8
bS Summary of Annual Generation and Total Savings in 1990:
% Low Cogeneration
g
) Generation (million KWH) Operating Cost* ($ million)
Own- Total Total Net Own- | Adjusted
Load Pool Purchases Sales Sales Load Pool Savingst Cost
COA 7,024 8,577 - 411 1,965 1,554- 127.7 164.1 9.2 118.5
LCRA 7,858 | 11,004 217 - 3,363 3,146 170.9 241.6 159 155_.0
CPSB 13,227 11,354 2,224 - 351 -1,873 279.4 212.8 13.2 - 266.2
HL&P 56,165 76,265 69 20,169 20,100 | 1,244.9 1,6925 908 = 1,154.1
TUEC 94,338 71,503 23,166 330 -22,836 2,022.8 1,287.8 106.2 1,916.5
C&SW 24,052 23,961 1,585 1,494 -91 ) 550.0 5553 6.1 543.9
Total 202,664 202,664 27,671 27,671 | 43957 4,154.2 241.5 4,154.2 |

*Cost includes only fuel and variable O&M.
1The method of calculating the savings allocation is dlscussed in Appendlx A.

LE-S



Change (billion BTU)

Change (billion BTU)

5-38

25000

15000

10000

:

:

:

g

Own-Load Operation

™7

COA LCRA CPSB HL&P - TUEC C&sSWw . Totai
Utility |

Pool Operation

HL&P TUEC C&SW Total
Utility

Figure 5.6-1 Change in Fuel Consumption in 1990:
' Low Cogeneration

Alternative Scenarios

)

any

P

.y -

¥
¢



. e
¥ 3

4 .

7 n o

increases for TUEC are 2.4% for gas, 0.3% for lignite, and a total BTU increase of 1.2%.
At the ERCOT system level this represents an increase in total BTU of only 1.3%.

When pool operations are assumed, the total BTU consumption also increases by 1.3%,
however, all of the utilities experience an increase in gas, coal, and lignite usage with

HL&P and TUEC contributing the largest amounts to the increase, particularly for gas.

Because of the small degree of chénge in fuel Consumption, the level of transactions and
annual savings change by a negligible amount.  Since most of the cogeneration is located
in the Houston area, and TUEC is importing from that ‘area,' the level of transactions

declines slightly, thereby reducing savings by 2.3%.

5.6.2 1990 High Cogeneration

This scenarié examines the fuel displacement issue in 1990 when the level of
cogeneration is assumed to be 15% greater than in the diverging gas price reference case.
The distribution of fue41’ consumption for own-load and pool operation is shown in Table
5.6-3 while transactions levels and variable operating costs are shown in Table 5.6-4. the
change in utility and total fuel usage is shown in Figure 5.6-2. Comparable reference

case information can be found in Tables 4.2-11 and 4.2-1 and Figure 4.2-11.

When the higher amount of cogeneration is assumed in the own-load operation mode,
again only HL&P and TUEC are affected sinoé they are the only utilities contracting for
cogenerated energy. They absorb the increase in cogenerated energy by decreasing their
use of other generating capacity. HL&P reduces its use of gas, coal, lignite, and nuclear
by 3.9%, 1.6%, 2.2%, and 1.1%, respectively, for a total BTU decrease of 2.9%.
Comparable reductions for TUEC are 2.3% for gas, 0.3% for lignite, and a total BTU
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TABLE 5.6-3
Fuel Consumption in 1990:
High Cogeneration
(billion BTU) |

Gas Coal  Lignite Oil  Nuclear ~ Total
Own-Load ration
COA 15,128 33,813 0 0 23529 72,470
LCRA 22,109 56,048 0 0 0 78,157
CPSB 39,132 57,023 0 0 40,532 136,687
HL&P 247486 88216 90,600 0 44,627 470,929
TUEC 396,508 0 408596 226 128,445 933,775
C&SW 123,024 80,343 0 12 37,503 240,882
Total 843’,3‘87 315443 499,196 238 274636 1,932,900
Pool ration
COA 23336 37,537 0 0 23,799 84,672
LCRA 42975 63,667 0 0 0 106,641
CPSB 13,574 57,908 0 0 41,648 113,130
HL&P 412,689 125305 96,400 0 45813 680,207
TUEC 172,889 0 414,072 226 128,443 715,631
C&SW 119,598 75,570 0 8§ 37483 232,659
Total 785,059 359,986 510,472 233 277,187 1,932,939
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§ TABLE 5.6-4
3 Summary of Annual Generation and Total Savings in 1990:
% ) High Cogeneration
§
) Generation (million KWH) Operating Cost* ($ million)
Own- v Total - Total Net Own- : Adjusted
Load Pool  Purchases Sales Sales Load Pool Savingst Cost
COA 7,024 8,216 486 1,679 1,193 127.7 154.8 84 1193
LCRA 7,858 10,702 297 3,141 | 2,844 170.9 235.1 15.0 155.9
CPSB 13,227 10,943 2,546 261 -2,285 279.4 200.7 14.8 264.6
HL&P 56,165 77,333 41 21,209 21,168 1,268.3 1,732.0 96.8 1,171.6
TUEC 94,338 72,305 22,408 375 -22,033 2,005.5 1,297.2 105.9 1,899.6
C&SW 24,052 23,166 2,017 - 1,131 -886 550.0 534.3 6.8 543.2
Total 202,664 202,664 27,795 27,795 | 4,401.8 4,154.1 247.7 4,154.1

*Cost includes only fuel and variable O&M.
$The method of calculating the savings allocation is discussed in Appendix A.
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decrease of 1.1%. At the ERCOT system level this represents a decrease in total BTU of
only 1.3%.

When pool operations are assumed, the total BTU consumption also decreases by 1.3%,
however, all of the utilities experience a decrease in gas, coal, lignite, or nuclear usage

with HL&P and TUEC experiencing the largest reductions, particularly for gas.

‘Because of the small degree of chahge in fuel consumption, the level of transactions and

annual savings change by a negligible amount. Since most of the cogeneration is located
in the Houston area, and TUEC is importing from that area, the level of transactions

declines slightly, thereby increasing savings by 0.2%. o

5.6.3 1990 Total Fuel Displacement

The total fuel displacement attributable to ~cogenération as shown in Figures 5.6-1 and
5.6-2 are short-term results. In both high and low cogeneration cases, the most affected
fuel is natural gas. By keepmg the level of conventional capacity unchanged, the utilities
areAassumed to react to the variation of c0geheration capacity by adjusting the oﬁtput of
their own capacity. Because coal and lignite are utilized as base load units, they are fully
utilized and can be incréased only slightly to compensate for the reduction kof
cogeneration in the low cogeneration scenario. In the high cogehcration scenario, natural
gas, being a more expensive fuel, is backed down first. In the long run, however,

cogeneration is expected to displace more coal and lignite and less natural gas.

By combining the results for the low and high cogeneration Scenarios, the total fuel
displacement attributable can be approximated. The variation in available cogeneration
capacity from the low to the high case is 30% of the reference case level of 3,135 MW, or

940 MW. When this variation occurs, with pooled operation, total BTU consumption

Alternative Scenarios . 543



decreases by 52,329 billion BTU, or 55.669 billion BTU for each MW of cogeneration.
Multiplying this by the reference case level of 3,135 MW yields a total displacement of
174.5 trillion BTU, which is distributed as 143.1 trillion BTU of gas, 23.9 trillion BTU of
coal, and 7.5 trillion BTU of lignite. These savings only represent the fuel savings as
calculated by the model, and do not address the heat rate differential discussed in Section

34.

The large quantity of displaced natural gas indicates that the uncertainty of cogeneration
has a great impact on natural gas consumption. As the two largest purchasers of
cogenerated power, TUEC and HL&P are affected the most. Under pool operation, the

displaced fuels are distributed over the four remaining utilities as well.

5.6.3 Summary of Cogeneration Scenarios

The results obtained from the alternate cases indicate that cogeneration provides a
significant contribution in fuel savings for the electric utility industry in Texas. The cost
savings depend largely on the contract negotiations and the quantity of cogenerated
energy purchased by the utilities. Due to the limited pricing information and lack of
technical data, the true savings from cogeneration cannot be calculated. Recognizing that
cogeneration is more efficient than conventional generation, the cluster of potential
cogeneration in HL&P service area may lead to "efficiency differentials” between HL&P
and other utilities. With increased system c;oordination, benefits from cogeneration can

be extended beyond HL&P to other utilities as shown in the results for pool operations.

The variation of 940 MW of cogeneration from the low to the high case increases annual
savings by approximately $6.2 million, thus the total savings which can be attributed to

- cogeneration is about $20.7 million for 1990.
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5.7 Winter Supply Disruption

The purpose of this analysis is‘ to examine weathér conditions that existed during the
freeze of December 1983 and predict the irnpact of such an event on the electric power
system as cc;nﬁguted in 1990. During this period of prblongcd cold weather in 1983, gas
suppliers‘were unable to meet démand, and deliveries to utilities were curtailed. A host
of operational problems were also encountered in both gas-fired and solid fuel power

stations which may be attributed to the cold weather.

Cold weather can impact the fuel supply of solid fuel plants. At low temperatures, rail
transport can be interrupted by deraihnents due to low rail 'duCtility and snow
accumulation on the tracks. However, intcrruptioh of coal transport to the plant site will
probably not affect plant operations, since -a stockpile of 60 days supply is usually
maintained. At the plant site, low temperatureS may produce frozen masses of fuel that

can stop operation of the fuel handling equipment. Problems associated with

" instrumentation and control lines, fans, and condensers can also arise.

Some of the problems observed during the cold weather of December 1983 which led to

forced outages or deratings of solid fuel generating stations include:
¢8) frozen reclaim belts; cannot reclaim coal from pile
(2) ice tripping pulverizing mill feeders
3 | low lubé oil pressure on pulverizirig mills
(4)  loss of boiler controls due to freezing

(5)  frozen demineralizer lines; reduced ability to supply makeup water to

boiler; causes silica buildup in boiler water
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(6) - frozen soot blowers; causes increase in precipitator temperature

(7)  coal train derailment; not expected to impact operations

(8)  electrical circuit supplying engine block heaters tripped, bulldozers too

cold to start; cannot reclaim coal from pile

(9) . frozen exhaust hood spray

(10) condensers plugged with ice
(11 faihu'é of revolving screens on condenser intake due to ice

(12) frozen turbine spray valve

(13) ice on fan blades

Fuel availability and the operation of natural gas-fired generating units can also be
affected by low temperatures. Under conditions of low ambient temperature, the
temperature drop associated with the expansion of gas in valves can cause the water
vapor and heavy hydrocarbons present in natural gas to freeze and plug the valve. This
phenomenon was observed during the last two weeks of December 1983 and resulted in a
reduction of deliveries to natural gas-fired generating stations as well as operational
problems at plant sites. Utilities responded by burning No. 2 fuel oil in combustion
turbines and No. 6 fuel in boilers which were normally natural gas-fired. Some problems
were encountered during this switch in fuel supply. In addition, operational problems
such as the freezing of instrumentation and control lines increased forced outage rates at

natural gas-fired plants.

~ Aside from gas curtailments, other operational problems at gas-fired plant§ included:
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steam line from gas boiler to fuel oil tanks frozen; cannot establish oil

circulation
frozen gas valve at plant

plant trip due to high furnace pressure indication; pressure sensing line

- frozen

loss of some gas-fired cogenerators

frozen air supply lines to air-operated controls

Operational problems encountered during December 1983 led some utilities to revise

operating procedures and redesign equipment. Some of the steps taken by utilities in

order to mitigate the effects of cold weather on both solid fuel and gas-fired plants were

as follows:
(1)  addition of a diesel spray header which sprays arriving coal with a fine
mist to alleviate icing on fuel handling systems
(2)  installation of thermostat-controlled electric heating blankets on
chutework
3) additional heat tracing and insulation in critical areas
(4)  reevaluation of fuel oil inventory policies; ‘increase inventory and expand
storage capability where needed
(5)  place fuel oil system in recirculation mode and steam atomizing system
into service whenever cold weather is predicted
Alternative Scenarios | | 5-47



6) install drains on steam lines to fuel oil system so that condensate may be

drained
(7)  construction of gas storage facilities

Considering the above modifications, it is likely that the ERCOT utilities are better
prepared for a cold weather event such as the December 1983 freeze. However,
unanticipated problems may still arise.  Two issues are addressed in this examination of

the impact of cold weather on the ERCOT system.

The first issue is Whether or not gas curtailments will limit the generating capability of
ERCOT. Some light can be shed on this issue by examining the current fuel oil storage
policies of ERCOT members relative to fuel oil consumption duriﬂg December 1983. As
of December 31, 1986, ERCOT utilities had approximately 12 million barrels (grades 2
through 6) of fuel oil stored at plant sites. Assuming an average density of 7.5 Ib/gal and
average heat content of .019 MMBTU/Ib, this fuel oil could provide approximately 72
million MMBTU of energy (12,000,000 bbl x 42 gal/bbl x 7.5 Ib/gal x .019 MMBTU/Ib
= 71,820,000 MMBTU). The above analysis does not account for the capability of
ERCOT utilities to stockpile more fuei oil in anticipation of an extended period of low

temperatures, and the capability of fuel oil resupply.

It is instructive to compare this fuel oil reserve with ERCOT’s current natural gas
consumption as well as the ERCOT consumption of fuel oil in December 1983. With
respect to current ERCOT natural gas consumption, in January 1986 the ERCOT utilities
consumed an average of approximately 32 millibn MMBTU/day. Comparison with the
72 million MMBTU reserve indicates that 'ERCOT utilities could accommodate a 100%
natural gas curtailment for two days with fuel oil stored on site. Less severe natural gas

curtailments could be accommodated for longer periods.
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With respect to consumption during December 1983, the ERCOT utilities consumed the

following amounts of fuel oil:

UTILITY | FUEL OIL (BBL)
COA (estimated) 100,000
CP&L o 114,010
CPSB | | 117,272
Dallas Power & Light (now in TUEC) 431,468
HL&P | 155,047
LCRA 125,413
Texas Electric Service Co. (now in TUEC) 567,470
Texas Power & Light (nov;/ in TUEC) | 428,747
WTU | | 100,310
TOTAL: 1,939,737

These data indicate that the ERCOT fuel oil reserves of 12 million barrels, although
small by comparison to gas usage, are quite large by comparison to the gas curtailments
of December 1983. ERCOT utilities have fuel oil stored on site in sufficient quantities to
accommodat; gas curtailments six times as severe as those encountered in December

1983.

The second issue is whether or not maintenance schedules are sufficiently coordinated

within ERCOT to allow the system to meet demand in the event of extreme cold weather.
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The 1990 reference cases scenario indicates that 9,160 MW of capacity will be down for
maintenance during the third and fourth weeké of January. This maintenance schedule
reduces available generation capacity from 50,804 MW to 41,644 MW. Peak load during

this period is forecasted to be 28,059 MW for normal weather. These data indicate that
| the ERCOT system generation capacity in January 1990 will exceed normal load by 48%.
The ERCOT system in 1990 could accommodate a cold weather event under which the
combined effects of increased load and increased forced outages did not exceed this

margin.

This brief analysis suggests that the ERCOT system in 1990 will be capable of meeting
load under adverse weather conditions similar to those experienced in December 1983.
In view of the potential consequencés of severe gas curtailments m the state of Texas, a
more detailed study is warranted. More sophisticated analytical tools are available for

the analysis and management of such events.1,2

5.8 DC Interconnection to Adjacent Power Pools

Currently, the one point of interconnection that exists between the Southwest Power Pool
(SPP) and ERCOT is at the Oklaunion power plant. This 200 MW, back-to-back, direct
current intertie is a result of a 1981 settlement among the PUCT, several ERCOT and
SPP utilities, the U.S. Department of Justice (DOJ), the U.S. Securities and Exchange
Commission (SEC), and the Federal Energy Regulatory Commission. The SEC had
requested that Central and South West Services Corporation (C&SW) enter into a show

cause procedure regarding its two ERCOT operating companies (CP&L and WTU), and

1A. Chames, et. al., Emergency Government Interventions: Case Study of Natural
Gas Shortages, Management Science, Vol 32, No. 10, October 1986, pp 1242-1258.

2Peter A. Morris, et. al., A Utility Inventory Fuel Model, Operation Research, Vol 35,
No. 2, March-April 1987, pp 169-184.
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its other two affiliate companies (SWEPCO and PSO) which were not engaged in

interconnected operations. Further complications arose as a result of an attempt by WTU

" to serve some electrical load located just across the Red River in Oklahoma. This

attempted connection initially resulted in litigation between ERCOT utilities and

C&SW.

A part of the original study design was the evaluation of the potential for establishing DC
ties to the other two reliability councils which operate in parts of Texas -- the Southwest
Power Pool (SPP) and Western Systems Coordinating Council (WSCC). The purpose of
the evaluation was to determine whether there is any poteritial for energy or cost savings
associated with power and energy sales between these reliability councils and ERCOT. It
should be clearly noted that such savings could exist whether tlie individual ERCOT -

utilities were buyers, sellers, or some combination of the two.

In September, 1986, a Request for Proposal (RFP) was issued to obtain a technical
consultant to conduct an analysis of the feasibility of locating DC tie points and lines and
estimate the cost of constructing them. The information expected to be gleaned from the
study would permit the study staff to identify bus locations which could be treated (in the
context of the model) as if they were generating units capable of providing power with
associated ﬁxedr and variable costs. The kcontract was awarded to GE in December, 1986;
however, after some consideration of their position as a domestic supplier of high voltage
DC equipment and the possibility of accusations of interest conflicts, GE withdrew from

the contract after giving written notice on February 12, 1987.

After considering the available options, the project staff decided to attempt to complete
the analysis based on information that was requested from several adjoining utilities in

late March 1987 and possibly enlisting the part-time assistance of a qualified consultant

. to perform an "over-the-shoulder" review. In addition, new questions were raised by
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some ERCOT utilities and by the Commission conceming the very complicated legal
issues raised with respect to the problem of jurisdictional conflicts with the Federal
Energy Regulatory Commission (FERC). On May 12, 1987, a request to research this
area was sent to the General Counsel of the Commission. After several months of
research, the General Counsel sent a lengthy advisory opinion to, the study staff which is
reproduced in Appendix F. The conclusion of this advisory opinion states:
Interconnections between ERCOT utilities and other utilities that operate in other states
or are otherwise subject to FERC jurisdiction could cause ERCOT utilities engaged in
transmission of electric energy or wholesale sales of electric energy to become subject to
federal regulation, unless the connections were made in compliance with an order issued
under 16 US.C. 824i-824k.  Because ERCOT operates -as a power pool,

' interconnections would subject all utilities, except those that do not engage in bulk
transmission or wholesale sales of electric energy, to federal regulation, including rate

regulation.

Although the staff received some information from three non-ERCOT utilities, it varied
considerably in specificity and did not provide all of the cost data necessary to complete
the technical modelling, thus the staff was unable to develop a reasonable technical
scenario that would not require assumptions which could prove to be untenable for the

time periods encompassed by this study.

In view of the legal issues raised and the difficulty of constructing an accurate technical
analysis, the study staff does not believe that any additional research effort should

address this subject unless institutional circumstances are substantially changed.

5-52 Alternative Scenarios

) ?;.- _

\ _ P .y - \
-



‘

- N

Chapter 6
Environmental and Health Issues

The scenarios presented in Chapters 4 and 5 indicate the potential for increased bulk

- power transactions through increased coordination and information on the ERCOT

system, although the MAPS/MWFLOW model does not separate these into firm
(imintermptible) versus non-firm (interruptible) transactions. However, these power
flows are presumed to occur within a system configuration and capacity that has been
developed and planned to meet reliability criteria that did not then account for their
presence. Consequenﬂy, in general, when single contingency outage conditions are
imposed, the potential level of transactions falls by approximately 30 percent. This can
be thought of as representing an interruption of non-firm energy, or as an actual outage

caused by overstraining the existing system in the case of firm power and energy.

Thus, it now seems reasonable to anticipate that some additional transmission line
construction would be necessary, over and above those projects currently planned, to
support higher and more economical level of transactions and retain the excellent

reliability which ERCOT has provided.

Construction of new transmission lines, however, has become increasingly controversial
during the past several years as higher voltages have become necessary and feasible.
Such facilities generally require 1arge metal towers and wider rights-of-way, often
leading to the necessity of exercising the power of eminent domain for land or easement
acquisition by condemnation procedures. These procedures are usually quite unpleasant
for both property owners and utilities because of their adversarial nature. The climate

created by such proceedings tends to carry over into considerations of other factors such

.as health and environmental issues.
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In recent years, serious questions have been raised about the potential health or

environmental consequences of major transmission facilities. Because these highly
sensitive issues are topics of research throughout the world and are also regulated by
some states in the U.S., a survey of state requirements was conducted and several current

studies were obtained and reviewed.

The following sections of this chapter discuss the evolution of these issues, the current
standards and practices of other states, and the implications for the state of Texas and the

ERCOT system. Detailed survey results are presented in Appendix D.

6.1 Evolution of the issues

Before the mid-1960s, the issues most frequently associated with transmission line
construction and operation were those of conductor corona causing radio and television
interference,v construction problems, and visual impacts. In the late 1960s, audible noise -
- both humming and popping sounds, particularly in inclement weather -- became an
issue which generated considerable controversy, particularly because of its subjective
nature. Research led to standards which have been generally accepted, although

relatively few states seem to have codified them.

In the early 1970s, seemingly prompted by the advent of more 765 kilovolt (KV) lines,
the issue of audible noise re-emerged briefly along with some controversy over ozone
production by conductors. These issues were surpassed, however, by research results
from the U.S.S.R. which purported to show potential health impacts for high-voltage
substation workers and led to the electric field effects conundrum. Press articles and one
non-technical book appeared which escalated the issue into sharper public view. A few
research papers claimed to show biological effects on small animals. The utility industry

began to respond by citing other studies which showed no effects. In the midst of
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conflicting claims, it became apparent that good research was needed which would take

advantage of the expertise of utility engineers, physicists and biological scientists.

Inter-disciplinary studies began under the auspices of a few individual utilities, the
Electric Power Research Institute (EPRI)‘, and the U.S. Department of Energy through its
Inter-agency Advisory Committee on Biological Effects. Many of these éarly studies
attempted to identify the presence of "significant" advérse Biological'effects associated
with induced electric fields. Here the term "significant”. is used in its statistical sense in
conjunction with the acceptance or rejection of a null hypothesis of effect presence or
absence, as opposed to the more common understahdings implying serious, major, or
profound. This misunderstanding has certairﬂy confused the debate about potential

effects.

Since the late-1970s, research has continued using methodologies from the disciplines of
epidemiology, toxicology, and risk asséssment, as well as the classical medical and
biological sciences and engineering. Some of the studies of electrical fields have

produced quahtiﬁable results such as perception threshold and "let-go" levels for induced

, currents'in grounded objects. These limits have formed the basis for standards such as

the National Electric Safety Code (NESC) 5 milliampere maximum current level for a

short-circuit from objects beneath power lines to ground.

The research into the presence or absence of more subtle effects has continued to produce
a wide array of contradictory and controversial results, due in part to the scientific
methodology which inherently pfecludes any definitive conclusion that there are no
effects. A scientific advisory panel commissioned by the state of Florida concluded in
1986, after reviewing ncéxly 400 studies, ﬁm it is unlikely that human exposure to 60 Hz
electric fields of the intensity associated with transmission lines can lead to public health

problems. The Bonneville Power Administration (BPA) in its annual review of electric

Environmental and Health Issues 6-3



field effects for 1986 cites some 20 additional research efforts with comprehensive

reviews of the literature which have drawn similar conclusions.

Very recently, the focus of attention has shifted from electric fields to magnetic fields as
a study commissioned by the New York Powef Lines Project has indicated some
potential association between the configuration of the electrical distribution network in
residential areas and the incidence of childhood cancers. A similar study in a different
locale showed no such association for adults. Other studies have shown that magnetic
fields can be detected by some insccts and animals; that some magnetic fields can affect
nerve cell functions; and that there are measurable effects within other cells and tissues.
But these in vitro studies have not concluded that there are any practical problems where
the tests so farkhave not indicated any pathological problems from the exposure. Most, if
not all, of the studies for both electric and magnetic field effects contain less than

conclusive results along with recommendations for more research.

6.2 Survey Results

In March, 1987 a request was sent to the utility regulatory authorities in 49 states and the
District of Columbia requesting information pertaining to their standards or
considerations for health and environmental concems related to transmission lines. 35
states (including Texas) responded with information that ranged from simple declarations
of no standards to hundreds of pages describing their entire review and certification
process. Moét of the information submitted dealt with environmental and siting issues.
Health issues were generally not discussed, although there are six states which have now
adopted maximum electric field standards and a few others which have set requirements

in individual cases.
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Detailed survey results can be found in Appendix D, while discussion of the

environmental and health standards appears later in this chapter.

6.2.1 Principal Agencies and General Requirements

In most of the reporting states, the Public Utility Commission or its equivalent has some
responsibility for siting and standards for transmission line construction. In many states,
one or more other state departments such as Environmental Protection, Natural

Resources, Energy, and Health or their equivalents have some concurrent authority.

Soine states have created special Facility Siting groups which may be cabinet level
officials, special appointees; members of the public or some combination thereof. These
siting boards may have concurrent or exclusive jurisdiction, and broad ranging powers to

approve, modify, or deny routes for transmission lines.

The primary regulatory mechanism continues to be the certification process, although a
few states impose the additional requirement of a formal environmental impact statement,
or its equivalent. Many states require the filing of environméntal information with the
application for a cértiﬁcate of convenience and necessity and review each application on
a case-by-case basis. A few states have formal standards for design or construction

which each line must meet to be considered for approval.

6.2.2 Minimum Voltage Applicability

There is a substantial variation in the minimum voltage of lines which must have prior

‘approval before construction. A few states report no minimum, while the lowest

numerical standard was 700 volts for some special cases in Nebraska and the highest
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reported was 400 KV in Kentucky. Although some states have multiple standards based

on line length, the distribution of reported standards are as shown below.

0 to 68 KV - 3 states
69 to 137 KV - 11 states
138 to 344 KV - 10 states

345 or more KV -- 1 state

6.2.3 Environmental Requirements and Considerations

Of the 35 states responding to the survey, 22 indicated some type of consideration of

environmental factors as part of the transmission line siting or’ certification process.

There was again substantial xfariation among these states with some requiring only that
unspecified “environmental or ecological factors" be nbted while others such as
Washington require the submission of a full Environmental Impact Statement with
substantial dﬁcumentétion and analysis. = Few of the states reported any directly
measurable standards other than ’by reference to compliance with applicable laws and
regulation of the federal Environmental Protection Agency (EPA). Oregon, for example,
sets a maximum allowable sound level of 50 decibels at the edge of the right-of-way for

transmission lines.

Again, most of the states consider these factors on a case-by-case basis which likely
develops precedents to be used on subsequent similar cases. The following list of factors
which may be considered is intended to be representative, though not exhaustive, of the

types of information which may be required or reviewed.

Location maps of corridors of varying widths

alternative routes investigated
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topographicals fcaturés
geological features
public roads and lands
‘ incorporated communities
structures
airports
lakes, rivers, and other watercourses |

land uses

Identification of unique features

parks and recreational areas
historic sites

archaeological sites

scenic sites or areas

flood plains

national and state forests
access roads or areas
natural or mineral resources

shoreline areas

Identification of biological features

domestic animals

wildlife management areas

land and aquatic habitats and migration routes
vegetation and proposed controis

rare or endangered species

Assessments or evaluations
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6.2.4 Health Requirements and Considerations

iir quality

water quality

audible noise

soils and erosion

seismic potential

electric fields

magnetic fields
communications interference
visual impact

comparison to "no-build"

mitigation strategies

Other relevant factors

costs and financing
engineering design and features
socio-economic impacts
cultural or community values
other governmental entities
effects on energy cost

electric system reliability
interconnections

transportation

Although the question of the possibility of adverse human health effects associated with

electromagnetic field effects has been under scrutiny for several years, the level of
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uncertainty associated with available research seems to be reflected in the responses to

~ the survey. Of the states who reSponded, only two (Minnesota and Oregon) have adopted

regulations concerning field effects. (Information for the four other states which have
adopted standards was obtained from other sources.) A few other states indicated that
some standard had been proposed in singular cases, but not adopted as a statewide
standard. Several states have opted fdr a "wait-and-see" policy of requiring an annual

review of emerging research and monitoring the issue as it develops.

Although there was no specific mention in many states’ replies, it appears that most
regard the requirements of the NESC with respect to induced current and nuisance shocks
as an adequate minimum standard. Florida, in addition, is currently in the process of
developing and proposing other requirements for field effects. Michigan has adopted a
very detailed construction code which specifies requirenients for lines with as low as 700

volts of capacity.

6.2.4.1 Minnesota Standards

As a result of the hearings associated with the development of a 500 KV line in 1976, the
Minnesota Environmental Quality Board -- based on testimony from only one expert
witness -- adopted a maximum allowable field strength of 8 KV/m. This applies
anywhere on the proposed right-of-way at a heigi'xt of 1 meter above ground level. In its
findings the Board determined that this standard would protect the public health.

6.2.4.2 Montana Standards

As a condition for certification of a proposed double circuit 500 KV line, the Montana
Board of Conservation and Natural Resources -- based on a literature review done in

1983 by a consultant - adopted as a "public health criterion" a maximum field strength of
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1 KV/m at the edge of the transmission right-of-way at the height of 1 meter above
ground level in residential or subdivided areas. In addition, however, the Board permits
the standard to be waived by the owner of eaéh parcel of land from whom an easement is
obtained. A second standard was adopted for road crossings where the maximum field

strength allowed is 7 KV/m on the right-of-way at a height of 1 meter.

6.2.4.3 New Jersey Standards

In 1981, a joint standard was adopted by the Comnﬁssion on Radiation Protection and the
Department of Environmental Protection limiting the field strength to 3 KV/m at the edge
of the right-of-way (presumably at a height of 1 meter), but the standard is only used for
evaluating complaints about existing lines. Neither agency has régulatory authority for

siting decisions, hence the standard is advisory only.

6.2.4.4 New York Standards

In 1973 and 1974, the New York Public Service Commission received applications for
certification of more than 200 miles of 765 KV lines from various utilities. Because of
the interest in the health and biological effects, common record hearings were held to
avoid lengthy duplication. More than 30 witnesses testified and produced over 14,000
pages of testimohy and exhibits -- most of which addressed the electric and magnetic
field issues. In 1978, the Board decided that it could not ignore some inferences of risk
raised in the record. As a result, the Board took two actions: one established the New
York Power Lines Research Project; while the other, as a precautionary measure, set an

interim standard based on the existing fields associated with 345 KV lines.

The interim standard was established at 1.6 KV/m at the edge of the right-of-way

(presumably, 1 meter above ground level) and a moratorium on constructing any lines
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which would exceed this standard was declared. Enforcement of the standard was
accomplished by specifying a minimum clearance distance for residences of 175 feet
from the centerline of ka 765 KV line. In 1978, the interim standard was éxtended to all
future transmission lines using calculated field strength intensities. In addition, in order
to limit the short-circuit-to-ground current to 4.5 mA, electric field maximum limits of 7,
11,and 11.8 KV/m (at ground level) were set fqr public roads, private roads, and other

terrain, respectively.

| The Research project has funded several laboratory and epidemiological studies and is

currently evaluating results of recent studies of field effects and childhood cancer. There
appears to be some shift in focus from the electric to the magnetic field effects, and a
committee has been formed to determine whether magnetic field standards should be

adopted and, if so, at what levels.

6.2.4.5 North Dakota Standards

On the basis of testimony from seven expert witnesses from hearing on four projects
(three 345 KV and one 500 KV), the Public Service Commission has informally set a 9
KV/m maximum electric field strength, even though a staff report stated that it found no

credible evidence of biological effects associated with high voltage transmission lines.

6.2.4.6 Oregon Standards

The Energy Facility Siting Council has established as a public health standard a |
maximum electric field of 9 KV/m in all areas to which the public has access. In order to

be certified, all transmission lines must be designed to meet this criteria.
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6.3 Summary and Conclusions

The health and environmental issues surrounding the construction and operation of high
voltage transmission lines have become increasingly éontroversial throughout the nation.
In recent years, this has been no less true in the state of Texas where in one case, based at
least in part on assertions of potential health effects on school children, a jury trial in a
condemnation case in a county civil court at law resulted in a judgment against the
location of a 345 KV line and an award of monetary damages in excess of $25 million
against the utility for "abuse of Discretion.” Although the jury did not find that the line
constituted any health risk to any person, and the exemplary damages has since been
reversed by a higher court, the utility applied for and received certification and
constructed an alternate routing of that segment of the line in ordér to maintain service
during the pendency of appeals. As a result of this and other issues, a task force has been
established by the Commission to review all aspects of current transmission certification

policies.

With respect to other states responding to the survey, it appears that Texas’ requirements
for examining potential environmental factors and impacts are about average. Some
states are certainly more stringent, but many have much weaker or non-existent
standards. The information required for applying for a certificate falls within several
quite general categories -- some of which are rather ainorphous such as "community
values". If additional lines become necessary to support bulk power transactions and
maintain ERCOT system reliability as suggested in other parts of this report, the
development of more specific or operational definitions would provide more

understandable guidelines for utilities to follow.

With respect to other states’ requirements for the minimum size lines that require

certification procedures, it appears that the Texas limit of 60 KV is among the very
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lowest in the country. If this limit were raised or if lower voltage lines could be handled
administratively, many utilities could save time and expense, while the staff would be
able to concentrate more time and effort on larger lines where controversy is expected to

persist.

With respect to health standards, Texas is typical in its requirement that all facilities meet

- the provisions of the NESC with respect to design, engineering, and construction

practices. However, it 1s unquestionably true that the ‘controversy over electromagnetic
fields and their possible biological effects exists today and is not likely to be resolved in
the immediate future. A possible solution to this dilemma would be to adopt a policy
similar to those in several other states which provides for timely monitoring of the
literature and an annual report which summarizes the results and recommends courses of
action. Such a review could be conducted by the staff in cooperation with selected

representatives of the State’s utilities.

6.4 Selected References and Literature Reviews

As indicated throughout this chapter, the amount of information pertaining to
envifonmental standards and health issues is quite extensive. The following citation of
existing reviews which themselves have i,engthy lists of references and bibliographies
provides a reasonable overview of particularly the biological effects issue. For detailed
information concerning environmental regulations, the réspective states should be
contacted.
(1) - High Voltage Transmission Line Electric and Magnetic Fields: Emerging
Research and Regulatory Issues; Robert S. Banks and Robert I. Kavet; 18th

Annual Transmission and Substation Design Symposium; University of Texas at
Arlington, Office of Continuing Education; September 18-20, 1985
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Electrical and Biological Effects of Transmission Lines: A Review;
Bonneville Power Administration, Portland, Oregon; Revised edition of June,
1986

Biological Effects of 60 Hz Power Transmission Lines; Florida Electric and
Magnetic Fields Science Advisory Commission, Department of Environmental
Regulation, Tallahassee, Florida; March, 1985

International Utility Symposium, Health Effects of Electric and Magnetic
Fields: Research;, Communication, Regulation; Electric Power Research
Institute, et al; September 16-19, 1986 :
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