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Natural Gas Network Modeling as Part of
the National Energy Transportation Study

by Robert E. Brooks, Ph.D."

1. INTRODUCTION

A. Background on the National Energy
Transportation Study

TN APRIL OP 1977 President Carter
A presented his National Energy Plan.
In this plan he recognized the impor
tance of having sufficient transportation
capacity to move the vast amounts of
energy needed by this country from its
primary production regions and import
points to the various consuming regions
around the U.S. Because of this he au
thorized the organization of a DOE-
DOT Task Force to undertake the Na
tional Energy Transportation Study
(NETS). The principal purpose of this
study was to examine the transportation
requirements which the future demand
and supply of energy may impose and
the capability of the Nation's currently
planned transportation system to meet
these requirements.
Energy products to be considered in
this study included crude oil, petroleum
products, various types of coal, natural
gas, electricity, and nuclear fuel. Modes
of transport for these fuels were rail,
highway, waterway, pipeline, and wire.
In order to perform this study, two
primary consultants were hired by DOE
and DOT to develop computer based
models of the energy production, trans
portation, and demand sectors and to
use these models to analyze the energy
transportation network for the period
1985 to 1995.
One of these consultants. Transporta
tion and Economic Research Associated,
Inc. (TERA) was to develop a method
ology for forecasting supply and demand
by the Bureau of Economic Analysis
economic area (BEA) given DOE fore
casts of National and regional supply
and demand. In addition TERA was
charged with projecting origin-to-desti
nation flow volumes for each energy
commodity for each BEA to BEA pair.
These O/D flows were then to be
given to the second contractor, CACI,
Inc. as input to a modified version of its
INSA transportation network model
(COE, 1976). This model would be used
to identify which routes and modes of

*Vice President, TERA, Inc., Holly
wood, California.

transport would be used to accomplish
the energy flows projected by TERA
and in particular to identify which links
in this transportation network might
not have sufficient capacity to handle
the projected loads.
In addition, because of its lengthy
modelling experience in the natural gas
transportation area, TERA was selected
to utilize a modified version of the
GASNET 3 natural gas transportation
network model (Brooks, 1978) for use
in identifying bottlenecks in the U.S.
gas system.
The purpose of this paper is to de
scribe the NETS Gas Flows Model, its
assumptions, development, implementa
tion, and results.

B. General Approach

In order that DOE, DOT, the Presi
dent and other users of this study could
enjoy a consistent view of the energy
and transportation futures projected,
these futures should be consistent with
other forecasts which DOT and DOE
have made. For this reason, it was de
cided that NETS would use as a start
ing point the National and regional pro
jections of energy supply and demand
from DOE's Mid-Term Energy Forecast
ing System (MEFS). MEFS is a com
prehensive system which produces con
sistent forecasts for all energy com
modities simultaneously. These forecasts
are made for a variety of assumptions
regarding economic growth, actual re
source base, and world energv prices
for three time periods 1985, 1990, and
1995.

In MEFS the Nation was divided up
into 14 gas producing areas and ten gas
demand regions. (See Figures 1 and 2).
The first task in the NETS methodology
was to disaggregate these regional pro
duction and demand forecasts into BEA
level projections (Figure 3).
The second major task consisted of
constructing a BEA level network model
of the existing and planned U.S. natural
gas pipeline network model. This model
would have to represent the physical ca
pacities of pipelines to deliver gas from
one BEA to the next on the way from
producer to final consumer. The com
plexity of the network to be modelled is
shown in Figure 4 which shows the pipe
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MEFS GAS PRODUCING AREAS

FIGURE 1

MEFS GAS DEMAND AREAS

FIGURE 2

BUREAU OF ECONOMIC ANALYSIS
ECONOMIC AREAS (BEA't)

FIGURE 3

line network existing as of June 30,
1978 (PERC).
Fortunately TERA had at its disposal
the GASNET 3 natural gas distribution
model which already contained a repre
sentation of this network at a similar
level of detail. Using GASNET 3 as a
base, TERA was able to develop the BEA
level gas network model.

Given a network representation and
the BEA level production and demand
vectors, the next step in the methodology
was to estimate the flows from net pro
ducer BEA's to net consumer BEA's
along the gas network. Where such a
procedure predicted a load greater than
the capacity of a given BEA to BEA
link, the model was designed to build ad
ditional capacity at a high cost. Thus
the results of a run of this model could
reveal a set of links where capacity was
underutilized, another where it was util
ized at normal levels, and a third set
which required additional capacity to
carry the projected load.
Once these data were calculated, an
alysis of the over and under utilized
arcs could reveal which gas corridors
and even which companies could be ex
pecting difficulties in the period 1985 to
1995.

2. NETS GAS MODEL

A. Description of System to be Modelled

Getting gas from supply areas to de
mand regions is a complex multi-leveled
process involving thousands of gas pro
ducers, hundreds of gas transmission
companies and distributors, and millions
of end-users in the U.S.
Typically a gas transmission com
pany, also known as a "pipeline," buys
gas from one or more producers of gas,
transports that gas over distances rang
ing from a few miles to many hundreds
and then sells the gas "for resale" to one
or more gas distributors. These distribu
tors in turn sell the gas to final end-
users in the residential, commercial, or
industrial sectors. But while this is the
typical manner in which gas is delivered
to consumer markets, there are many
variations. For example, some pipelines
also own their own wells and gas re
serves. These pipelines are acting as
both producers and transporters. Other
pipelines sell gas directly to end-users.
They are acting as distributors. And
some pipelines both produce gas and sell
to end-users. They are completely ver
tically integrated.
Pipelines frequently deliver and re
ceive gas from each other. This can oc
cur by sale, exchange, or transportation
agreement. Exchanges occur when two
pipelines agree to deliver equivalent
amounts of gas to each other's system
at different locations or at different
times. Such agreements are useful when
pipelines have excess supply in one re
gion and excess demand in another.
Transportation agreements occur when
pipelines purchase or produce gas in
areas where they have no pipeline fa-
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cilities. They bargain for the use of
other pipeline facilities to transport the
gas to their own systems.
Recently the Federal Energy Regula
tory Administration (FERC), the regu
latory body charged with oversight of
interstate gas pipeline companies, has al
lowed gas end-users to go to producing
areas to purchase gas and then to have
that gas transported by interstate pipe
lines. In this case pipelines do not take
title to the gas, but act only as trans
porters in interstate commerce.
In order to transport gas from one lo
cation to another, a pipeline company
must push the gas through the system
using high powered gas compressor units
in compressor stations located along the
pipeline path. These compressor stations
are usually located from 50 to 100 miles
apart. To power the compressors a por
tion of the transported gas is diverted
into and burned in either reciprocating
or gas turbine engines which compress
the gas thus forcing it further along
the line.
Use of this gas in the compressor sta
tion causes gas to be lost to the pipe
line, i.e., some of the gas is for the com
pany use in the transportation process.
Other gas is lost in the system due to
leaks in the pipe, accidental ruptures of
the pipe, and transfer operations. Ac
counting for these losses is a difficult
process due to fluctuating pressures and
temperatures which cause the density
and thus the volume of a given quantity
of gas to change.
In order to increase the quantity of
gas flowing through a given segment of
pipe (to handle peak loads for example),
the compressor stations have to work
harder, to compress the gas even more.
This results in greater fuel use, i.e., less
efficient operation. In addition, the maxi
mum amount which can flow through the
pipe (its capacity) is determined by the
power of the compressor and the size
of the pipes which transport the gas.
Another very important feature of
the gas supply system is storage. Be
cause gas use is seasonal, being much
greater in the winter (for home heat
ing) and less in the summer, gas is
stored in underground storage fields
and /or liquified and stored as LNG.
Thus, typically gas is produced at fair
ly constant rates for maximum produc
tion efficiency, transported by pipeline
at fairly constant rates (to reduce the
need for a greater capacity pipe to han
dle peak load demands), stored away
in the summer and withdrawn in the
winter for delivery by gas distributors
to end-users. (Note: This is a generally
accurate picture. However, there are
fluctuations in production and transpor

tation levels due to changing demands).
In recent years beginning in the
early 1970's, domestic gas supplies have
been declining relative to the demand
for gas. Even prior to the 70's, the U.S.
imported about 5% of its supply from
Canada through pipeline connectors
along the Nation's northern border. In
creasingly, alternative supply sources
for natural gas have been sought. Sev
eral non-traditional sources have been
found which will substantially modify
previous gas transportation patterns
and call for the addition of major new
pipeline systems. These include the dis
covery of gas in Northern Alaska, the
development of coal gasification plants
in the Northern Plains States, importa
tion of LNG and Mexican gas, produc
tion of synthetic natural gas (SNG)
from naphtha, and conversion of waste
materials and biomass to gaseous fuel.
Finally through all of this, the cost
of gas transportation remains a primary
concern for gas pipeline companies.
While fixed transportation costs are a
function of the pipelines' capital rate
base, variable costs are primarily a
function of pipeline haul length and pipe
size. Cost per unit of gas transported
is a direct function of mileage and be
cause of economies of scale, an inverse
function of pine size. In addition, when
volume exceeds the pipeline's capacity,
new pipeline must be added (looping) or
compressor horsepower increased. These
capital expenditures are a major concern
to both pipelines and FERC which must
give its blessing to each such planned
addition.
In summary, a model of the transpor
tation of gas must take into account
regionally separated supplies and de
mands, laree numbers of interconnected
transportation companies, reduction in
gas quantities during transport due to
company use in compressor stations, lim
ited capacities of compressor stations
and gas pipe, storage patterns, supple
mental supplies, and gas transportation
costs.

8. Model Formulation

The NETS model formulation can be
divided into three principal pieces:

• BEA production model
• BEA demand model
• BEA to BEA network model

The network model is used as an in
tegrating model which combines the re
sults of the first two models to com
pute network flows and identify possible
difficulties in the transportation net
work.
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L PRODUCTION MODEL
Recall that the general notion of the
NETS model was to produce results
which were consistent with official DOE
forecasts produced during the MEFS
model. In essence the production model
developed by TERA for the NETS gas
model is a disaggregation model which
takes regional forecasts and logically
breaks them down into the smaller BEA
areas.
The methodology developed to accom
plish this disaggregation is based on the
assumption that for sub-areas within a
larger area, future production shares
can be estimated as a function of exist
ing production and reserves. Mathemati
cally this can be written as:

share=pa.t Rbit (4)

3-j,t-t-n

(1)

where i is a subarea within the larger
region j, t is some initial time and
t + n is the time n periods later, P is
production, and R is reserves.
The rationale for such a function is
that it takes into account both exist
ing production facilities and development
as well as future development.
Statistical estimations were made for
this model using a generalized Cobb-
Douglas form for the production func
tion. Specifically estimates were made
using:

'i.fn-^Jt *l
t «)

for i = 1,42 the 42 AGA production re
gions, t the years 1955 to 1977, and n a
parameter set equal to 1,2,3, etc., for
each different regression run. a,b, and c

were the estimated coefficients.
Results of these regressions varied
greatly for different values of n. Around
n = 15 results were fairly stable, how
ever, and since the base year of 1976
would imply a t + n of 1991, a year
close to the center of the forecast range
1985-1995, these values were utilized in
the production model.
The statistical outcome for n = 15 is

shown below.
a = 0.24608 (2.74869) )

b = 0.17773 (1.80986) )
) (3)

R2 = 0.4212 )

P = 12.372 )

Although R2 was somewhat low, both
t-and F- stats were quite good.
The value of c in the regression is

irrelevant, of course, since it merely acts
as a_ proportionality constant. Final pro
duction shares for each subarea become:

S^V R . .i it it
where summation is carried out over all
subareas within the larger region.
Once production shares are known,
DOE forecasts can be disaggregated to
the BEA level. This is done simply by
multiplying the DOE regional forecast
by the BEA share of that region.
One final step is necessary, however.
DOE also forecasts supplemental (LNG.
SNG, coal gas, and imports). TERA's
disaggregation model takes each of
these forecasts and assigns them on a
project-by-project basis to the BEA in
which the project exists or is planned.
Thus individual SNG and coal gas proj
ects are included in their appropriate
locations. LNG and natural gas pipe
line imports are handled by defining
pseudo-BEA's (numbers 174-188) to rep
resent each of these source's origin.

2. DEMAND MODEL

Just as in the case of production, the
NETS demand model utilizes an exist
ing DOE demand forecast for a larger
region as the starting point for fore
casts for subareas (BEA's) within that
region.
In the case of demand, however, there
are four unique sectors whose forecasts
must be estimated in different ways.
These are the residential, commercial,
industrial, and electric utility sectors.
The basic idea for the projection of
subarea demand shares is that the
growth in demand in that subarea is pro
portional to some measure of the growth
of that subarea. In the case of residen
tial, population is such a measure. For
commercial, wholesale and retail trade

is a good measure of growth. For indus
trial use, the level of manufacturing
might be used. The case of electricity
generation is more complicated. Since
the National Energy Act requires utili
ties to phase out their use of gas for
electricity generation, using the base
year demand shares (i.e., assuming that
subarea shares remain constant) is prob
ably the most logical approach for utili
ties.
Mathematically, the demand model is:

Di,t+n=C Dit(1+ri,n (5a)

D*
t+n

2LD. (1+r.)'l it i

bpb)
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'where the summation is taken over all
subareas i within a given DOE demand
region. In equations (5a) and (6b), i
refers to a given subarea, t is the base
year, t + n is the forecast year, D*t+n
is the DOE region demand for the fore
cast year, rj is the economic growth rate
■variable for subarea i, Di t is demand in
subarea i during year t, and c is a pro
portionality constant.
Sensitivity analysis of the BEA de
mands to values of the parameters rj
show that for this demand share model,
the percentage error in demand will be
less than the percentage error in the
growth parameter for values of ri less
"than 6% per year.
Since population and economic growth
are far below 6%, this means that the
model should be relatively insensitive to
reasonable errors in the economic fore
casts.
Data used for rt (i = 1,173 for each
BEA) were obtained from the Bureau of
Economic Analysis OBERS projections
for the base year and forecast years
1985 and 1990. Average growth rates
between 1976 and 1990 were used to
project further out to 1995.

3. GAS NETWORK MODEL

The development of the NETS Gas
Flows Model proceeded along similar
lines to that used by TERA in several
previous gas network modelling efforts.
(Brooks, 1975, 1976, 1977, 1978, 1979).
In particular, the network model of the
interstate pipeline network utilized in
the GASNET 3 model was used as the
starting point in the assembly of the
required BEA level model. But whereas
the GASNET 3 format separates out all
individual pipelines, this level of detail
was not required in the NETS model. In
particular, those portions of GASNET 3
which represent pipeline interconnec
tions (i.e., deliveries between pipelines)
were not needed here.
The methodology used consisted of
four steps:

• develop structural model of network
at BEA level
• estimate capacities along each arc
of the network
• estimate unit transportation costs
along each arc of the model
• estimate efficiency of transporta
tion within each BEA

The structural model was developed
by first identifying each of the approxi
mately 140 interstate and intrastate
pipelines which moved gas from one
BEA to another in the base year and

adding to this list the known planned
pipeline systems under study by FERC.
Each such system was modelled indi
vidually. The model consisted of a set
of nodes representing BEA's crossed by
the pipeline and arcs representing the
inter-BEA connections. Using Federal
and state pipeline maps TERA person
nel were able to estimate the mileage of
each BEA to BEA arc and to identify
diameters of pipes located there. In the
aggregated BEA model, there were many
instances where two or more pipelines
had pipeline links between the same
BEA-BEA pairs. In such cases, the
model combined these into a single sys
tem with capacities equal to the sum of
their individual capacities and weighted
averages of transportation cost and mile
age.
Capacities for individual arcs were
calculated using a statistically estimated
relationship between capacity and pipe
line diameters. This function appears
below:

log C=l. 443+0. 9691 log A+0.1242D

(17.95) (2.76)

R2'0.849 (6)

F=227.7

In this regression C is capacity, A is
pipeline cross-section (i.e., proportional
to diameter squared) and D is 0-1 "dum
my" variable used to divide the set of
pipelines used in the analysis into two
strata: those which had competition on
the arc and those which didn't. Capacity
and diameter values were obtained from
FERC Form 2 reports and pipeline maps.
From the regression results it is ap
parent that both A and D are highly
significant as is the equation as a whole.
While the interpretation of D as a
"competition" variable may be open to
question, it may be simply that the de
mand is so high downstream that both
duplicate suppliers and higher horse
power in each line are called for. In any
case, the result is that these lines have
about 33% greater capacity for a given
pipe diameter.
Transportation costs were also esti
mated using regression analysis. In this
case gas transportation agreements data
were used. Cost per thousand cubic feet
of (MEF) were hypothesized to be di
rectly related to mileage and inversely
related to capacity (economies of scale).
The results are indicated below:

log(K/M)-2. 73436-0. 484197 log C

(4.61278) (8.24654)

R2=0.2812

F=68.0564
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In this regression K/M is unit cost
per mile, i.e., $/mcf-mile, and C is ca
pacity in mcf/hr. The R2 statistic is not
particularly good, indicating that other
unknown variables also influence the
cost of transportation here. However,
the results indicate a strong depend
ence on capacity for the cost value (t-
stat of 8.24) and a good overall fit is
implied by the F statistic.
The final parameter needed for the
network is efficiency. This is the param
eter which indicates how much gas is
used in transportation and lost from
the network. Efficiencies were calcu
lated for each BEA based on the amount
of gas used by compressor stations in
the BEA and the amount lost. The total
of these "losses" was divided by the to
tal flow into the BEA from other BEA's
plus production in that BEA to get the
percent of total inputs lost in the BEA.
This was then substracted from unity
(1.00) to get the corresponding efficiency
factor. In the model this efficiency fac
tor is used as a multiplier for all pro
jected flows into the BEA and for pro
duction in that BEA as well.

4. NETWORK EXPANSION MODEL

The ultimate purpose of the NETS
study is to identify places in the trans
portation network where current and /or
planned capacity is either insufficient to
meet projected requirements or badly
underutilized.
For this purpose the network model
must be modified. In NETS this is han
dled by allowing not just one but four
different flows on each BEA-to-BEA link.
These four flows are divided into four
different regimes as follows:

0-30% capacity
30-90% capacity
90-180% capacity
180+ % capacity

In the first regime, the link is being
underutilized, i.e., less than 30% of the
link's capacity is being used. The sec
ond regime is between 30% and 90%,
the maximum which could be expected
under normal circumstances. The third
regime refers to an expanded operation
where the existing pipeline is "looped"
with a parallel pipeline of the same ca
pacity. The final regime accounts for an
expansion of greater than twice the cur
rent capacity.
In a model of this type, it is important
that the four arcs in any link be util
ized in the correct order, i.e., the first
arc (0-30%) should be filled before the
second and so on. This can be accom
plished through the selection of a set

of transportation costs which increases
for each of these arcs. This selection can
also be used to satisfy other criteria as
will be seen in the next section.

5, THE NETS GAS FLOWS MODEL

Combining the models discussed in 1-4
above results in the completed NETS
Gas Flows Model. This is accomplished
using a linear programming format with
a modified goal programming type ap
proach to represent a multi-level objec
tive function. Specifically, the model hag
been designed to utilize a set of BEA
production levels, demands, and the con
straints imposed by a finite distribution
network (the network model) to project
inter-BEA flows which utilize existing
pipeline capacity to the greatest extent
possible before building new capacity.
This is accomplished by assigning a zero
cost to the first 30% of each link's utili
zation, a normal cost for the range 30-
90%, 10 times that cost for the 90-180<7<-
range, and 100 times that for the greater
than 180% am
The multipliers (10 and 100) in this
model are not particularly important.
They are set as high as they are sim
ply to satisfy the criterion that exist
ing capacity be utilized to the greatest
extent possible prior to building new ca
pacity. Thus the model can be consid
ered to be rather conservative. It should
predict the minimal new construction
needed to satisfy projected gas flows.
Mathematically the model can be
stated as follows:

Minimize * ,, - +10K. .x. 4,+100* , * )1J Vij iJ2 ij ij3 ij ij4'
»•*• *e z. -d -e,s

4
z "J Xlj K-l ijn

"ijz^-^ij

where summations are over appropriate
index sets representing the network, Zy
is total flow from BEA i to BEA j,
is that portion of the flow in regime n,

k|
j

is unit cost for link (i,j) and is
capacity on (i,j).
Experiments using other values for
the multipliers 10 and 100 do not change
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results unless they are reduced to val
ues below 2 and 10 respectively. Thus
the solution to be discussed in the next
sections are relatively insensitive to
these values.

6. IMPLEMENTATION OF MODEL

The development and implementation
of the model described above was ac
complished using the DOE's IBM 370
computer system in Rockville, Maryland.
(Note: This system has been upgraded
since to an IBM 3033 located at DOE
facilities in Washington, D.C.).
Programs used in the disaggregation
methodology were based on the FOR
TRAN IV language. Statistical estima
tions were done using TSP. The mathe
matical programming model used for
computing gas flows was implemented
using MPS*> with DATAFORM for ma
trix generation and report writing.
In addition to the programs described
above an additional program was de
veloped to interface with the DOE's
MEFS model results files. This enabled
users of NETS to produce NETS solu
tions from any MEFS output run with
out manual intervention.

7. RESULTS AND ANALYSIS

A. Description of Scenarios

For the purposes of the National En
ergy Transportation Study three differ
ent scenarios were selected. These three
were defined by assumptions which DOE
made in its 1979 projections for the
DOE Energy Information Administra
tion's Annual Report to Congress (ARC).
The scenarios selected were all based
on the Series C runs made by DOE

which assumed "medium" supply and
demand conditions in the mid-terms.
For series C three scenarios were gener
ated depending on DOE's projections of
the level of world oil prices. These three
were then labelled C-High, C-Low and
C-Medium.

For all three of these scenarios, DOE
projected National and regional produc
tion and consumption for 1985, 1990, and
1995, i.e., a total of nine snapshots or
situations were projected. Of these five
were selected by DOE for the NETS
disaggregation and flow analysis. These
were:

• 1985 C-Medium
• 1990 C-Medium
• 1995 C-Medium
• 1990 C-High
• 1990 C-Low

B. Results of NETS Runs

Tables 1, 2, and 3 and corresponding
Figures 5, 6, and 7 graphically illus
trate the results of the NETS projec
tions for the C-Medium scenario. These
tables and maps show the locations of
potential bottlenecks for 1985, 1990, and
1995.
The first most obvious observation is
that the list of bottlenecks grows mark
edly over this period. This is evidence
that changing sources of supply will
make corresponding: demands for chang
es in the gas delivery system over this
period. A second observation is that
while bottlenecks in 1985 are rather
scattered and non-indicative of major
trends, trends become more obvious to
point out in 1990 and 1995. In particu
lar, in 1990 one sees the addition of bot
tlenecks in the upper midwest and north-

TABLE 1

POTENTIAL BOTTLENECKS 1985 (C-MEDIUM CASE)

LOAD

ORIGIN DEST'N FLOW CAPACITY RATIO* COMPANIES

14 5 375,024 279,882 1.49 Algonqu in , Tenne co

43 41 44,843 21,042 2.37 South Georgia Nat. Gas Co.

44 42 88,839 68,889 1.43 Southern Natural Gas

44 48 32,843 21,480 1.70 Southern Natural Gas

112 114 484,213 535, 052 1.01 Panhandle Eastern

118 117 294,517 278, 76^' 1.17 Arkansas-Louisiar.a Gas

Source: TERA, Inc. 'LOAD RATIO = FLOW -=-90% of CAPACITY
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POTENTIAL BOTTLENECKS 1985 ( C -MEDIUM CASE )
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FIGURE 5

TABLE 2

POTENTIAL BOTTLENECKS 1990 ( C -MEDIUM CASE )

LOAD

RATIO *ORIGIN DEST ' N FLOW CAPACITY COMPANIES

4
8

89

4
8 ,234

114 ,225

3
8 ,664

2
7 ,498

153 , 723

616 ,787

757 , 30
9

749 , 33
6

746 ,000

-745 ,694

484 ,183

2
6
4 , 00
6

2
4 ,583

3
4 ,534

9
7

9
8

9
9

104

114

. 1l ;

147

161

2
1 ,042

6
8 , 889

2
1 ,480

2
1 ,042

130 ,568

613 , 200

613 ,927
613 ,200
613 ,200
613 , 200

535 ,052
278 , 769

1
3 ,657

3
6 , 704

2 . 55 South Georgia . Nat . Gas C
o .

1 . 84 Southem Natural Gas

2 . 00 Southern Natural Gas

1 . 45 Northern Natural Gas

1 . 31 Northern ; Great Lakes

1 . 12 Montana Dakota ; N . Border

1 . 37 Montána Dakota ; N . Border

1 . 36 Northern Border

1 . 35 · Northern Border

1 . 35 ! Northern Border .

1 . 01 Panhandle Eastern

1 . 05 Arkansas - Louisiana

2 . 00 Western Slope Gas

1 . 05 Southwest Gas

• LOAD RATIO = FLOW : 90 % of CAPACITY

9
8

118

149

162

Gas

Source : TERA , Inc .



em plains where the Northern Border
portion of the Alaskan Natural Gas
Transportation System is planned. This
indicates that additional capacity might
need to be planned for that pipeline to
handle some lower 48 production in the
northern border area, i.e., Montana and
North Dakota. This would include as
well the coal gasification facilities
planned for this region.
One can also see in 1990 the begin
ning of a constraint on gas produced in
the Rocky Mountain areas to be deliv
ered to the midwest. This may indicate
a greater need for capacity than is cur
rently being planned for pipelines in this
area.
In 1995 these trends accelerate and
another appears as well. Lines from the
Oklahoma and Kansas to the industrial
Midwest are becoming bottlenecks. This
appears to be caused by two factors:
reduced Canadian supplies to the mid
west creating additional demand for do
mestic gas and additional supplies of gas
in the Oklahoma area.
Table 4 illustrates the effect that the
world oil price has on these results for
1990. One can easily see that high world
oil prices results in fewer bottlenecks.
This result occurs because gas prices are
assumed to be related to world oil prices.

Thus higher world oil prices indirectly
produce lower natural gas demand.
Table 5 presents the identifiable pat
terns of underutilization for the system.
As is indicated there the traditional links
from Texas and the Gulf Coast both
East and West will tend to be utilized
less and less as production shifts north
ward to the Rocky Mountains and Alas
ka.

C. CONCLUSIONS

In general the NETS model validates
much of the planning in new pipeline
facilities which the industry has taken
on itself. New pipelines for Alaskan and
Rocky Mountain gas have been designed
and applications have been made to
FERC for their approval. NETS shows
these pipelines to be needed and that
they will be well utilized. In fact, in
some cases, these pipelines may need
more capacity than is currently being
planned.
In addition NETS concludes that a
reduction in Canadian imports in the
1990-1995 period will strain existing
pipeline capacity in the mid continent
area.
In general, the NETS model appears
to produce very reasonable results. Two
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TABLE 3

POTENTIAL BOTTLENECKS 1995 (C-MEDIUM CASE)
LOAD

ORIGIN DEST'N FLOW CAPACITY RATIO* COMPANIES

10 67 100,348 55,749 2.00
43 41 48,072 21,042 2.54
44 42 124,000 68,889 2.00
44 48 37,783 21,480 1.95
67 68 37,876 21,042 2.00
75 69 107,380 107,319 1.11
79 82 364,562 254,723 1.59
80 79 1 ,480,281 1 ,208,880 1.36
88 B9 24,329 21,042 1.28
91 87 152,632 130,568 1.30
95 96 91,872 95,116 1.07
96 97 700,873 613,927 1.27
97 98 588,967 613,200 1.07
98 99 588,437 613,200 1.06
99 104 585,293 613,200 1.06

104 106 424,781 355,095 1.33
105 106 1 ,103,760 613,200 2.00

106 80 1 ,503,337 1 ,251,007 1.34
106 113 494,640 224,747 2.45

107 104 1 ,148,922 893,301 1.43

108 107 1 ,883,494 1 ,899,649 1.10
109 111 1 ,881,171 1,135,673 1.84
Ul 108 1 ,784,662 1 ,821,133 1.09

116 119 18,733 10,407 2.00

119 110 279,547 207,875 1.49
125 126 33,145 18,414 2.00
125 127 970,898 539,398 2.00

127 120 126,144 70,080 2.00
129 128 393,048 218,360 2.00

131 118 24,583 13,657 2.00

145 124 318,467 176,926 2.00

147 110 69,983 39,876 1.95
149 147 24,583 13,657 2.00
162 161 34,051 36,704 1.03

Source: TERA, Inc.

examples, may indicate the level of va
lidity of the model. In Figures 5 and 6
a bottleneck is indicated between BEA's
118 and 117. When the model was de
veloped, plans for the Ozark Pipeline
were not known to TERA. When the
application to FERC was announced, an
analysis revealed that Ozark would be
built between eastern Oklahoma and
western Arkansas, exactly the same BEA
118 to 117 link predicted by the model.
The model also predicted that some 70%
of the planned capacity would be util
ized in 1985. The model also predicted
that capacity problems could exist in
the Northeast between BEA's 14 and 5
unless gTeater imports from Canada in
to the Northeast were obtained. Since

Natural Fuel Gas
South Georgia
Southern Natural
Southern Natural
East Ohio Gas
Columbia Gas
Natural Gas Pipeline of America
Natural Gas Pipeline of America
Northern Natural Gas
Northern Natural; Great Lakes
Montana-Dakota Utilities
Montana-Dakota; Northern Border
Northern Border
Northern Border
Northern Border
Northern Natural
Northern Natural
Natural Gas Pipeline of America (NGPL)
Michigan-Wisconsin Pipeline
Northern Natural
Northern Natural; NGPL
Northern; NGPL; Michigan-Wisconsin
Northern; NGPL; Michigan-Wisconsin
Cities Service
Cities Service; Arkansas-Louisiana
Lone Star
Lo Vaca; Lone Star; Southwestern
NGPL; Lone Star Gas
Lone Star; Old Ocean ;Lo Vaca; Bi Stone
Lone Star
El Paso
Baca; Colorado Interstate
Western Slope
Southwest Gas

• LOAD RATIO = FLOW -4- 90<7rof CAPACITY

these projections, plans for an additional
250 Bcf/yr of Canadian imports into
New England have been announced. Thus
NETS has been useful in predicting the
necessity of events which have later
come to be. This is the ultimate test of
a model's usefulness and validity.
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POTENTIAL BOTTLENECKS 1995 (C-MEDIUM CASE)

FIGURE 7

TABLE 4

COMPARISON OF THREE 1990 CASES,
ADDITIONAL CAPACITY NEEDED

Origin Desfn C- Medium C-Low C-High

43 41 155% 151% 37%

44 42 84* 73% -

44 48 100* '9%

88 89 45* "> -

91 87 31% 31% -
93 96 12% - -
96 97 37% 17% 21%

97 98 36% 17% 1%

98 99 35% 16% -

99 104 35% 18% -
112 114 1» 1% -

118 *17 5% 5% 12%

149 147 100% 32% -
162 161 5% _ -

Source: TERA, Inc.

TABLE 5

PATTERNS OF UNDERUTILIZATION

1985
• West Texas (Permian Basin) to Cali
fornia (El Paso, Transwestern)
• North Texas to Colorado (Colorado
Interstate)
• Northern Great Lakes (Great Lakes
Gas Transmission)
• Mid-Atlantic (various)
• Northeast (various)

1990

West Texas to California (gets worse)
Louisiana to Midwest (various)
Gulf Coast to East (Transco)

1995
• Gulf to West, North, and East severely
curtailed
• Gulf supplies mostly the South
• Northeast supplied by LNG, SNG, and
Alaskan gas
• Midwest supplied by Midcontinent,
Rocky Mtns, and Alaska
• California supplied by Alaska and
intrastate sources.
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