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Part I--INTRODUCTION

Energy has been of considerable interest in the United

States since the early 1970's when the first oil crisis occurred.

A great deal of research and writing has been done since then on

energy production, energy reserves, energy prices, and so on, and

such studies continue today although at a reduced rate because

interest in the subject waned as energy prices fell in the mid

1980's. In the research and writing that has been done the

question of the transportation of energy sources has largely been

ignored. Although references to transportation were and are

frequently made and it occasionally is the subject of media

attention when an accident or some other kind of calamity occurs,

there has been little direct research or writing in which the

transportation aspect is the main subject. This has been true in

the United States as a whole and in the state of Minnesota.

It is obvious that energy consumption in the United States

relies heavily on the transportation system to efficiently move

energy sources to where they are needed. The coal mined in

Wyoming has no usefulness or value until it is brought to the

power plant or other user where it is to be consumed. Refined

petroleum products have no usefulness or value until they reach

those who are to make use of them. The transportation system

contributes this place utility or value to energy sources and

enables them to give satisfaction.

Transportation's role in energy is of particular importance

to Minnesota because the state has no indigenous energy sources
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of its own and must rely on importing from other parts of the

country and the world, frequently over very long distances.

The purpose of the study reported on here was to investigate

and analyze the energy transportation system in Minnesota in

order to identify what the system consists of and how energy

sources' are transported to and within the state, and to evaluate

the system and to make recommendations for state policy on the

matter. It is hoped that the report will be useful to producers,

distributors, and users of energy and those who perform energy

transportation service, and to government agencies responsible

for promoting and/or providing and/or encouraging private

investment in transportation facilities in Minnesota.

The energy sources dealt with in this report are petroleum

and its refined products,2 natural gas, and coal. Electricity,

which is generated by using oil, natural gas, coal, or nuclear

energy, is not treated as a separate energy source. However, it

is discussed in connection with the transportation of coal. The

transportation of materials that are used in nuclear plants is

not included because of their unique characteristics and the

minor quantities involved.

Part II of the report describes the methodology used in the

study. Part III deals with energy use in Minnesota. Parts IV, V,

and VI discuss the transportation of petroleum and its products,

natural gas, and coal, in that order. Part VII contains the

conclusions drawn from the study.



Part II--METHODOLOGY

Literature Search

An extensive literature search was made that included trade

magazines, academic journals, newspapers, business magazines,

books, trade association publications, and numerous federal and

state government publications. The search indicated that there

was a very large amount of published information on energy

supplies, consumption, conservation, and prices, particularly

that published in the late 1970's, but very little on the subject

of the transportation of energy. However, there were several

government and trade association publications that were very

useful in providing background information for the study and, in

a few cases, they provided some information about the

transportation of energy sources.

Mail and Personal Interview Study

Along with the search of various statistical and other

published data, and discussions with government and trade

association people, a combination of a mail questionnaire survey

and personal-interviews was used to define the energy

transportation system in Minnesota and how it is used by

producers, distributors, and users of energy.

A selected number of energy carriers, distributors, and

users involved in crude petroleum, refined petroleum products,

natural gas, and coal, were chosen to be included in the study.
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Carriers

The selection of carriers to include in the study was

determined by whether or not they carried important quantities of

energy sources. This was based on previous knowledge of

Minnesota's transportation system and the aid of transportation

industry trade associations. The objective was to include

carriers of consequence in crude oil, petroleum products, natural

gas, and coal transportation that serve Minnesota points.

Nine carriers selected for the mail study were sent

questionnaires and six of them responded with usable

questionnaires, a return rate of 66.7 per cent. Twelve other

carriers were chosen for personal interviews for a grand total of

eighteen.

The total of eighteen carriers included one or more crude

petroleum pipelines, petroleum products pipelines, natural gas

pipelines, railroads, barge lines, and motor truck operators. All

six oil pipelines operating in the state were included, as were

the three major railroads (Class I) operating in Minnesota. Two

of the four natural gas transmission pipelines (one of which is

the parent company of one of the other two) in Minnesota were

included. Also included were five of the leading petroleum tank

truck operators in the state. It should be noted that other

carriers are included in the study but as users of energy, not as

carriers.
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Distributors

Minnesota has a population of slightly more than four

million persons, about one-half of whom live in the Twin Cities

Metropolitan Area. The state was divided into eleven districts

for purposes of selecting energy distributors to include. The

Twin Cities Metropolitan Area was considered to be one district.

The ten others were in outstate or Greater Minnesota and were

located in or around ten cities in different geographic regions

selected to provide representation from all sections of the

state. The other cities were Thief River Falls (northwest),

Bemidji (north), Duluth (northeast), Fergus Falls (west),

Brainerd (central), St. Cloud (central), Willmar (southwest),

Worthington (southwest), Mankato (south), and Winona (southeast).

Because petroleum products distribution is usually a small-scale

business operating over a very limited geographic area, the

number of Greater Minnesota distributors included was quite large

in order to achieve the desired coverage of the state.

After consultation with trade association and state govern-

ment officials, the distributors located in each of the eleven

districts to be included in the study were selected by searching

the Twin Cities area yellow page directories and the Minnesota

Business Directory,3 a directory of all business firms in the

state. The objective was to select distributors that appeared to

be of sufficient size to handle a significant quantity of energy

sources and, preferably, a multiple number of different energy

sources, such as fuel oil, gasoline, diesel fuel, and so on. Mail

questionnaires were sent to 134 distributors, 25 per cent of
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which were located in the Twin Cities area and 75 per cent

elsewhere in the state. Of the 134 questionnaires mailed out, 41

usable questionnaires were returned for a return rate of 30.6 per

cent. Slightly more than 24 per cent of the returns were from the

Twin Cities area and almost 76 per cent were from the rest of the

state, about the same proportions as in the outbound mailing of

the questionnaires. The return rate in the Twin Cities was 28.6

per cent; it was 31.3 per cent elsewhere in the state, with all

districts in the state represented.

In addition to the 41 returned mail questionnaires, nine

other distributors in the Twin Cities and around the state were

interviewed personally, for a total of fifty distributors

included in the study.

The characteristics of the distributors are discussed in

later sections of the report.

Energy Users

After consultation with trade association and government

officials and the literature search, the categories of Minnesota

commercial and industrial energy users that were most likely to

use significant amounts of energy were determined. These were

paper mills; sugar refineries; iron mining and taconite

production; educational, health care, and other institutions;

grain dryers; foundries; electric utilities; food processors; and

transportation companies.
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As many firms as could be identified as being in one of the

above categories were then selected and categorized by district

within the state. They were identified by using the Minnesota

Business Directory and the membership list of the Minnesota

Trucking Association.

Mail questionnaires were sent to 128 users of petroleum

products, natural gas, and coal. These were all industrial or

commercial users, as opposed to residential and farm users. Of

the 128 mailed questionnaires, 25, or 19.8 per cent, were sent to

Twin Cities business firms, and 103, or 80.2 per cent, went to

users in Greater Minnesota. An attempt was made to distribute the

mailing as equally as possible throughout the districts. However,

the nature of the business, i.e., paper manufacturing or iron

mining, was a more important determinant of selection for the

study than was location. Of the 128 mailed, 46 usable

questionnaires were returned, a return rate of 35.2 per cent. Of

these, six were in the Twin Cities area, or 13.3 per cent of the

total, and 39 were in the remainder of the state, or 86.7 per

cent of the total. Thus, a better response was received from

Greater Minnesota than from the Twin Cities Metropolitan Area.

The return rates were 37.9 per cent and 24.0 per cent,

respectively. All parts of the state studied were included in the

returned questionnaires with all geographic districts to which

questionnaires were sent represented.

In addition to the 45 mail questionnaires, personal inter-

views were conducted with fourteen other users in the Twin Cities
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and around the state for a total of 59 energy users included in

the study.

The characteristics of the users included in the study are

discussed in later sections of the report.

Response Rate

Thus, the overall mail questionnaire response rate from all

groups--carriers, distributors, and users--was 34.2 per cent, a

very good return for a study of this kind. The total number of

firms involved were 93 by mail and 35 by personal interview or a

total of 128. They were located in all parts of the state. The

personal interviews, which were conducted in depth, provided more

information than did the mail questionnaires. However, the mail

questionnaires were very useful in that they verified or

supported the results obtained from the personal interviews. The

results from the two sets of respondents were consistent with

each other.

It is believed that the mail questionnaire and personal

interview parts of the study provided reliable information about

the energy transportation system and the use of energy

transportation by energy distributors and users in Minnesota.
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Part III--ENERGY USE IN MINNESOTA

Energy Use in the United States

According to federal government statistics, the United

States consumed 74 quadrillion Btu's4 of energy in 1986.5 This

was slightly less than the quantity used in 1973, the year of the

first energy crisis, and less also than in the peak year of 1979,

the year of the second energy crisis, when almost 79 quadrillion

Btu's were used.6

Residential and commercial use accounted for 13.1 per cent

of the energy used in the country in 1986, while industrial use

was 22.6 per cent, 28 per cent was used in transportation, and

electricity generation used 36.3 per cent.

Of the total energy consumption in 1986, petroleum products

accounted for 43.2 per cent, natural gas for 22.3 per cent, and

coal for 23.4 per cent. The remaining energy consumption

consisted of nuclear power, 6.1 per cent, and hydro power, five

per cent.8

The largest user of petroleum products in the United States

is the transportation sector, accounting for 63 per cent of the

consumption in 1986. Industrial use was about 25 per cent, while

residential and commercial use was eight per cent.9

The residential and commercial sectors used 42 per cent of

the natural gas consumed in 1986, while industrial use amounted

to 39 per cent. Transportation accounted for three per cent and

electricity generation for 16 per cent.10



In 1986, 85 per cent of the coal used in the country was

used by electric utilities to generate electricity. Fourteen per

cent was used by industry and one per cent by residential and

commercial users.1

Energy Use in Minnesota

According to state of Minnesota statistics, Minnesota used

about 1,177 trillion Btu's of energy of all kinds in 1986,

slightly more than the consumption in 1973. Minnesota's energy

experience since 1973 has been similar to that of the United

States as a whole. The total number of Btu's used in the state

increased by only .5 per cent in the period. Total Btu's used in

the country declined by .5 per cent.

Total use of energy in Minnesota increased at an average

annual rate of 4.5 per cent between 1969 and 1973, the year of

the first oil crisis, when it was 1,170.3 Btu's. Energy use

continued to grow but at a slower rate of 1.1 per cent per year

through 1979, when the second oil crisis occurred. In that year

it was 1,249.4 trillion Btu's. Energy use per year then declined

through 1981 and remained relatively stable in 1982 and 1983

before increasing again in the 1984-1986 period. Minnesota's

energy consumption between 1970 and 1986 is shown in Table 1.

As noted above, in 1986 Minnesota used 1,177.2 trillion

Btu's of energy. Of this amount 23.2 per cent was consumed by the

residential sector, 22.5 per cent by the commercial sector, 20.1

per cent by the industrial users, 5.8 per cent was for
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Table 1

CONSUMPTION OF ENERGY IN MINNESOTA BY END-USE SECTOR, 1970-1986

(trillions of Btu's)

Resid- Commerc-
Year ential ial

1970 267.7

1973 265.4

1976

1979

1982

1985

1986

1986
Percent

282.8

296.6

278.5

177.0

208.6

208.8

230.8

228.0

279.0 251.5

272.6

23.2

265.7

22.5

Indust-
rial

266.2

311.6

288.1.

288.2

215.6

245.8

236.5

20.1

Aqricu 1-
ural

64.7

67.4

73.4

80.1

71.0

65.5

67.8

5.8

Transport-
ation

262.3

317.5

326.1

353.3

311.4

326.8

334.6

28.4

Notes:
Residential includes private households, including apartments and
farm households.

Commercial includes non-manufacturing business establishments
such as motels, restaurants, wholesalers, retailers, service
enterprises, health and educational institutions, and federal,
state, and local government.

Industrial includes manufacturing construction, mining, fishing,
and forestry.

Agriculture includes agricultural
households.

activity, excluding farm

Transportation includes movement of people and commodities,
including highway, railroad, water, air, and natural gas pipeline
transportation.

Totals may not equal the sum of column items because of rounding.

Source: Energy Division, Minnesota Department of Public Service,
Minnesota Energy Data Book (St. Paul: Energy Division, Minnesota
Department of Public Service. January, 1988), Table 30, p. 70.)
Calculation of percentages by author.

Total

1037.9

1170.3

1179.0

1249.4

1104.4

1168.7

1177.2

100.0
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agricultural purposes, and 28.4 per cent by transportation. See

Table 1. A separate category for electric utilities is not

available but, instead, electricity is included in the total for

each sector.

It is not possible to make comparisons of energy use by

consuming sector in Minnesota and the United States as a whole

because the same categorization of users is not used in the two

sets of data.

Of the total energy consumed in Minnesota in 1986, 37.7 per

cent was petroleum products, 21.4 per cent was natural gas, 17.8

per cent was coal, 10.2 per cent was nuclear energy, 1.1 per cent

was hydro power, and 11.8 per cent was electricity imported from

outside the state. The first three of these have significant

transportation requirements and are discussed further in this

report. Hydro power, nuclear energy, and imported electricity are

not dealt with further except as alternatives to coal in

generating electricity.

Refined Petroleum Products

Consumption of refined petroleum products in Minnesota in

1986 was 444.0 trillion Btu's and accounted for 37.7 per cent of

total state energy use, compared with 46.0 per cent in 1973. Use

of petroleum products in the state increased at a rate of 3.5 per

cent between 1960 and 1973 when it peaked at 538.6 Btu's. By 1979

the level had remained about the same but declined thereafter

through 1981. Between 1981 and 1986, its use increased moderately



in four of the five years. The consumption of petroleum products

by end-use sector is shown in Table 2.

Of the petroleum products consumed in 1986, 25.2 per cent

was distillate fuel oil, nine per cent was jet fuel, 1.9 per cent

was residual fuel oil, 7.7 per cent was propane, and 56.2 per

cent was gasoline (all kinds).12

The transportation sector consumed 74.3 per cent of the

petroleum products used in 1986, compared with 56.4 per cent in

1973. This shift was caused by a moderate increase in use by

transportation while use in other sectors was declining in most

cases. For example, use in generating electricity dropped from

17.8 trillion Btu's in 1973 to a negligible amount in 1986.

Residential and commercial use declined from 92.2 trillion Btu's

to 48.1 Btu's, industrial use from 71.7 to 20.9, and agricultural

use from 53.5 to 44.7 Btu's.

Transportation use of refined petroleum products is shown in

Table 3. The table indicates that consumption of the propulsion

fuels--distillate fuel oil, jet fuel, and gasoline--was higher in

1979 than in 1973. Consumption of distillate fuel oil and

gasoline decreased after 1979, but the consumption of the latter

has increased each year since 1981. In 1986, gasoline accounted

for 74.0 per cent of the transportation consumption of energy,

distillate fuel oils accounted for 13.5 per cent. Jet fuel

consumption in Minnesota increased between 1973 and 1979 and has

continued to increase since 1979. In 1986, jet fuel consumption

amounted to 11.6 per cent of the total petroleum products used by

transportation in the state.
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Table 2

CONSUMPTION OF REFINED PETROLEUM PRODUCTS IN MINNESOTA BY END-USE

SECTOR, 1970-1986

(trillions of Btu's)

Commerc.

20.6

27.1

23.6

24.5

13.0

20.0

19.5

Industr.

58.2

71.7

62.9

42.7

20.1

14.2

20.9

Notes:

Electric utilities includes power plants for the production,
transmission, and sale of electricity.

Totals may not equal the sum of column items because of rounding.

See Notes in Table 1 for definitions of the other end-use
sectors.

Source: Energy Division, Minnesota Department of Public Service,
Minnesota Energy Book (St. Paul: Energy Division, Minnesota
Department of Public Service, January, 1988), Table 20, p. 33.

Year

1970

1973

1976

1979

1982

1985

1986

Resid.

75.8

65.1

59.1

55.7

37.4

32.4

28.6

Elect.
Utilit.

9.7

17.8

11.1

8.2

.5

.2

.2

Aqr ic.

53.2

53.5

54.3

57.0

47.7

42.9

44.7

Tran.

255.3

303.6

313.9

342.8

304.0

321.6

329.9

Total

472.7

538.6

524.8

531.2

422.7

431.3

444.0
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Table 3

PETROLEUM PRODUCTS USED IN MINNESOTA TRANSPORTATION, 1970-1986

(millions of gallons)

Distillate
Fuel
Oil

206.8

267.6

286.1

414.2

358.3

328.0

349.3

Jet
Fuel

138.2

170.7

184.1

196.5

214.1

296.2

298.1

Residual
Fuel
Oil

1.2

16.5

20.4

17.5

3.4

6.0

8.5

Propane

7.2

10.7

7.9

7.6

10.6

14.5

15.6

Gaso l i ne

1656.0

1919.9

1964.2

2045.1

1788.4

1871.4

1908.3

Source: Calculated from data in Energy Division, Minnesota

Department of Public Service, Minnesota Energy Data Book (St.
Paul: Energy Division, Minnesota Department of Public Service,
January, 1988), Tables 10, 12, 14, 16, and 18 on pp. 23, 25, 27,
29, and 31.

Year

1970

1973

1976

1979

1982

1985

1986

Total

2009.4

2385.4

2462.7

2680.9

2374.8

2516.1

2579.8



Natural Gas

Minnesota natural gas use in 1986 amounted to 251.8 trillion

Btu's, a decrease of 3.4 per cent from 1985. The decrease in 1986

was attributable to warmer weather and the lower cost of fuel

oil, which is a substitute for natural gas in some situations.

Natural gas accounted for 21.4 per cent of Minnesota's energy use

in 1986, a significant reduction from 1973 when it was 30.2 per

cent. Consumption in Minnesota peaked at 353.8 trillion Btu's in

1973. However, after reaching a post-oil crisis low point of

239.4 in 1983, it increased in 1984 and 1985 before declining in

1986. The net reduction between 1973 and 1986 was 28.8 per cent.

See Table 4 for a summary of consumption of natural gas in the

period 1970 to 1986.

An important reason for the decrease in natural gas

consumption since 1971 was the high price of natural gas relative

to the price of petroleum and electricity.

Natural gas use by consuming sector between 1970 and 1986 is

shown in Table 4. Residential and commercial use increased

between 1973 and 1979 and decreased slightly between 1979 and

1986. Natural gas is used by residential and commercial users

mainly for space heating, water heating, cooking, and clothes

drying. Residential use is higher in Minnesota than nationally

because of the colder winter climate and heavy reliance on

natural gas for space heating and appliances. Almost two-thirds
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Table 4

CONSUMPTION OF NATURAL GAS IN MINNESOTA BY END-USE SECTOR,

1970-1986

(trillions of Btu's)

Resident.

105.2

103.0

113.1

120.4

115.4

115.2

112.2

Commerce.

71.5

75.7

68.0

71.1

75.3

76.9

75.3

Industr.

91.9

103.8

92.4

88.6

61.4

61.8

57.4

Elect.
Utilit.

59.0

57.5

13.8

7.8

3.4

1.5

2.0

Aqric.

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Tran. Total

7.0 334.6

13.8 353.8

12.2 299.5

10.5 298.4

7.4 262.9

5.2 260.6

4.7 251.8

Notes:

See notes in Tables 1 and 2 for definitions of the end-use
sectors.

Totals may not equal the sum of the column items because of
rounding.

Source: Energy Division, Minnesota Department of Public Service,
Minnesota Energy Data Book (Energy Division, Minnesota Department
of Public Service, December, 1988), Table 5, p. 18.

Year

1970

1973

1976

1979

1982

1985

1986
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of residential energy use in Minnesota in 1986 was natural gas.13

Commercial use decreased between 1973 and 1980 after which it

more or less stabilized. It was 51 per cent of the energy used in

the commercial sector in 1986.

Industrial consumption of natural gas declined sharply

between 1973 and 1979 and continued to decrease after that. The

total decline was 45 per cent between 1973 and 1986. Electric

utilities decreased their use through most of the 1973-1986

period so that in 1986 electric utilities used only 2.0 trillion

Btu's.

In 1986, residential and commercial use accounted for 74.5

per cent of the natural gas consumption in the state; industrial

users accounted for 22.8 per cent.

Coal

Coal consumption in Minnesota in 1986 was 209.8 trillion

Btu's or 11.8 million short tons and accounted for 17.8 per cent

of the state's energy use in that year. As seen in Table 5, coal

use in Minnesota increased rapidly after the 1973 oil crisis as

the largest user of coal, the electric utility industry, began to

operate new coal-fired power plants in order to meet increased

electricity demand and to replace oil- and gas-fired capacity.

Coal use peaked in 1977 at 260.6 trillion Btu's and annual use

remained relatively stable through 1981. Construction of new

power plants outside of Minnesota and purchase of electricity

from Canada have temporarily reduced coal use for generation of
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Table 5

CONSUMPTION OF COAL IN MINNESOTA BY END-USER SECTOR, 1970-1986

(trillions of Btu's)

Elect.
Year Resident. Commerc. Industr. Utilit. Aqric. Tran. Total

1970 2.1 10.2 42.1 125.5 0.0 .1 180.0

1973 1.2 4.5 48.9 126.3 0.0 * 180.9

1976 .6 3.0 39.6 178.9 0.0 0.0 222.0

1979 .4 2.8 28.2 196.7 0.0 0.0 228.0

1982 .2 3.7 23.0 191.1 0.0 0.0 217.8

1985 .2 3.3 29.6 202.4 0.0 0.0 235.4

1986 .1 2.9 27.8 179.0 0.0 0.0 209.8

* A value less than .05 trillion Btu's.

Note:
Totals may not equal the sum of the column items because of
rounding.

Source: Energy Division, Minnesota Department of Public Service,
Minnesota Energy Data Book (St. Paul: Energy Division, Minnesota
Department of Public Service, December, 1988), Table 7, p. 2 0 .
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electricity in the state since 1981. Completion of the new Sherco

3 coal-fired power plant near Becker in late 1987 is likely to

cause an increase in Minnesota coal consumption in the future.1 4

In 1986, the electric utility industry consumed 85.3 per

cent of the coal used in Minnesota. A significant reduction in

coal use occurred between 1973 and 1986 in the residential and

commercial sectors (combined use was 1.4 per cent of the coal

consumption in 1986) and in the industrial sector (13.3 per cent

of coal consumption in 1986), while electric utility use

increased from 69.7 per cent to 85.3 per cent.

Energy Use by End-Use Sector

The various end-user sectors were referred to above. To

summarize their use of energy in Minnesota, in 1986, the

residential sector relied on natural gas (62 per cent of its

Btu's), electricity (22 per cent), and fuel oil (16 per cent).

The commercial sector had a similar pattern of energy use. The

industrial sector used natural gas for 39 per cent of its Btu's,

electricity for 26 per cent, coal for 19 per cent, fuel oil for

14 per cent, and hydro power for two per cent. Coal is the most

important energy source for electric utilities--58 per cent--

with nuclear energy accounting for 39 per cent, along with a

small amount of hydro power. In the case of agriculture, the most

important energy source is petroleum products (87 per cent), with

electricity accounting for thirteen per cent. The transportation

sector relies on petroleum products for 99 per cent of its energy
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with the balance made up of natural gas.15

Petroleum products, natural gas, and coal make up about 77

per cent of the energy used in Minnesota, all of which (or the

material from which they are processed) must be brought in from

elsewhere. The balance of the energy sources used are nuclear

energy (ten per cent), hydro power (one per cent), and

electricity brought in from outside the state (twelve per cent).

There have been important shifts in the share of each energy

source of the Minnesota market and there probably will be further

shifts in the future.

In the following sections of the report, the transportation

of each of the three major energy sources used in Minnesota--

petroleum products, natural gas, and coal--are discussed.
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Part IV--TRANSPORTATION OF PETROLEUM AND ITS PRODUCTS

The United States Transportation System

Distribution of Traffic Among Modes

Crude petroleum and its products are carried by four

different modes of transportation in the United States. These are

oil pipelines, water carriers, motor trucking, and railroads.

Table 6 shows that pipelines accounted for 47.5 per cent of the

domestic ton-miles of petroleum and its products carried in 1987.

Water carriers carried 49.1 per cent of the oil traffic, motor

trucks carried 2.4 per cent, and railroads one per cent.

Pipelines, water carriers, and railroads are involved in long-

distance movement of crude oil and its products, while motor

trucking's principal role is to transport petroleum products

locally for short distances to distributors and end users. Trucks

are also used to collect crude oil from low-volume "stripper" oil

wells.

The distribution of petroleum traffic changed considerably

in the period since the middle 1970's. Pipelines carried a

smaller share of the total petroleum traffic in 1987 than in 1975

while water carriers increased their share of the traffic

significantly. Motor trucking and railroads carried a somewhat

smaller share of the traffic in 1987 than in 1975.

As to the transportation of crude oil, the pipeline share of

United States domestic crude petroleum traffic decreased

substantially between 1975 and 1987, from 86.9 per cent to 42.5
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Table 6

TRANSPORTATION OF PETROLEUM AND ITS PRODUCTS IN THE

UNITED STATES BY MODES, 1987

(billions of ton-miles)

Ton-Miles Per Cent

Crude Petroleum and Petroleum Products

Pipelines 584.8 47.5

Water Carriers 606.0 49.1

Motor Trucking 29.9 2.4

Railroads 12.5 1.0

Total 1,233.2 100.0

Pipelines

Water Carriers

Motor Trucking

Railroads

Total

Crude Petroleum

346.0 42.5

465.0 57.2

1.7 .2

.8 .1

813.5 100.0

Petroleum Products

Pipelines 238.8 56.9

Water Carriers 141.0 33.6

Motor Trucking 28.2 6.7

Railroads 11.7 2.8

Total 419.7 100.0

Source: Transportation Policy Associates, Transportation in
America, sixth edition (Washington, D.C.: Transportataion Policy
Associates, March, 1988), p. 16.
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per cent, while the pipeline share of petroleum products traffic

grew from 42.5 per cent to 56.9 per cent. Conversely, water

carriers increased their share of crude oil traffic from 12.2 per

cent to 57.2 per cent and saw their share of products traffic

decrease from 50.0 per cent to 33.6 per cent. The motor trucking

and rail shares of crude oil traffic declined in the period while

their shares of petroleum products traffic increased

moderately.16 Much of the shift in crude oil traffic was caused by

the opening of the Alaska crude oil pipeline in 1977, which added

some pipeline mileage and crude-oil ton-miles but increased

dramatically the water carrier crude-oil ton-mileage because of

the length of the water-carrier haul between the Alaska port at

Valdez, where the pipeline ends, and ports on the United States

mainland. The Alaska pipeline supplies approximately one-quarter

of the crude oil refined in the United States. The changes in the

shares of petroleum products traffic between pipelines and water

carriers were caused by the addition of new products pipelines to

the system.

Railroads are generally long-haul carriers so that their one

per cent of the petroleum ton-miles amounts to much less than one

per cent of the petroleum tons carried. Because railroads are

currently relatively unimportant in the transportation of crude

petroleum and its products, they are not discussed further here

in connection with the transportation of those commodities.

However, railroads play a large role in the transportation of

coal and are discussed in some detail in that regard.
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Pipelines

Importance of Petroleum Pipelines. Transportation by

pipeline is a very specialized form of transportation because it

is limited to a few commodities and only a small number of users

are involved. As noted above, pipelines carry a large share of

the crude oil and petroleum products traffic in the United

States.

Further evidence of the importance of oil pipelines in the

United States is found in the fact that, in 1987, United States

domestic private and for-hire pipelines transported 587 billion

ton-miles of crude oil and its products, compared with 507

billion in 1973. The 1987 total was 22.0 per cent of the

intercity ton-miles of all freight carried by all forms of

transportation. This compares with 22.7 per cent in 1973. The

number of ton-miles carried by oil pipelines increased moderately

in the 1980's after a decline in 1980 and 1981. The peak year in

terms of the share of all freight traffic was 1982 when oil

pipelines carried 25.1 per cent.17

The Petroleum Pipeline System. Transportation by pipeline of

crude oil and its products is conducted mainly by for-hire

carriers, although there are a few private carriers in the

industry, those that carry only the oil or products of their

owners. The for-hire carriers are common carriers and are subject

to economic regulation by the Federal Energy Regulatory

Commission (FERC) and by some states, not including Minnesota.

Oil pipelines are of two kinds in terms of what they carry. Some
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carry only crude oil. Some carry only the products of crude oil

such as gasoline, aviation jet fuel, diesel oil, and fuel oil. A

given pipeline usually confines itself to the carriage of one or

the other and not both crude oil and the products of crude oil.

The United States is served by an extensive system of crude

oil gathering (carry oil from wells to terminals for subsequent

long-distance shipment to a refinery) and trunk lines (long-

distance) lines and a large network of products lines (usually

long distance). As of 1986, there were 108,318 miles of crude oil

pipelines (63,253 miles of trunk lines and 45,065 miles of

gathering lines), and 95,765 miles of products lines in the

country. See Table 7. It can be seen that crude oil line mileage

has decreased since 1973 while products line mileage has

increased. The decline in the number of crude oil miles was

largely caused by the decline in oil production in the United

States in the 1980's and the shut down of gathering lines that

serve United States oil fields, along with some connecting trunk

lines, i.e., less domestic crude oil moves through the system.

Most of the gathering line mileage is eight inches or less

in diameter. Crude oil trunk lines and products lines range from

six inches to forty-eight inches in diameter. Maps showing the

general route patterns of crude oil trunk lines and products

lines are in Figures 1 and 2. The maps show the general route

pattern; individual pipelines are not possible to show in many

cases on small maps of this kind. As the maps indicate, the crude

oil pipeline system is predominantly in the middle of the country
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Table 7

PETROLEUM PIPELINE MILEAGE IN THE UNITED STATES, 1970-1986

Year Crude Oil Crude Oil Products* Total
Trunk Gathering

1970 75,143 71,132 72,396 218,671

1973 76,250 69,247 78,038 223,535

1976 77,972 67,798 81,296 227,066

1979 71,876 58,179 85,905 215,960

1982 69,529 53,421 90,727 213,677

1985 65,209 46,077 94,442 205,728

1986 63,253 45,065 95,765 204,083

*Includes a small amount of mileage used to carry non-oil liquid
products.

Source: Transportation Policy Associates, Transportation in
America, sixth edition (Washington, D.C.: Transportation Policy
Associates, March, 1988), p. 21 and U.S. Department of
Transportation, National Transportation Statistics, Annual Report
1988 (Washington, D.C.: U.S. Government Printing Office, August,
1988), Table 62, p. 143.
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Figure 1

Crude Petroleum Pipelines in the United States

CmUO 0OIL PIpgINICS

Source: Amoco Oil Company

Figure 2

Petroleum Products Pipelines in the United States

PrOuT PLI nt

Source: Amoco Oil Company
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focusing on moving crude oil from the Gulf and Texas-Oklahoma

area northward. The products lines are more diverse

geographically but with some concentration in the eastern half of

the country, reflecting the traditional population distribution.

The Alaska pipeline, which opened in 1977, is not shown on

the crude oil pipeline map. The oil produced on Alaska's north

slope is carried via an 800 mile 48-inch pipeline to the port of

Valdez on the southern coast of Alaska, at which point it is

transferred to ocean tank vessels for carriage to mainland ports

on the west coast and on the Gulf or east coast via the Panama

Canal, via a pipeline across Panama, or around the tip of South

America.

Ownership of Petroleum Pipelines. Ownership of oil pipelines

is primarily by large fully-integrated oil refining companies,

sometimes with joint ownership by two or more oil companies. A

few are owned by non-oil companies; these are usually railroads.

Most oil pipelines are for-hire common carriers, even though many

are owned by oil companies. Those common carriers owned by oil

companies carry traffic for others on a for-hire basis, as well

as carrying their own traffic. A few oil pipelines owned by oil

companies carry only the owning company's traffic and, therefore,

are classified as private carriers, i.e., they have no obligation

to carry for others.

Number and Size of Petroleum Pipelines. There is a

relatively small number of fairly large firms in the oil pipeline

industry. The large amount of capital required to enter the
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industry is a chief reason why the number of firms in the

industry is small, plus the fact that the nature of pipelining is

such that it would be highly uneconomic to have a large number of

parallel lines competing for the available traffic. In addition,

there are important economies of large-diameter pipe that

preclude parallel pipelines.

In 1988 there were 79 for-hire crude oil pipeline companies

and 64 for-hire products pipelines in the United States.18 Of

these, a relatively small number of the largest carriers dominate

the industry. The ten largest ICC-regulated interstate oil

pipelines in the country in 1987 had a mileage range from 6,183

miles to 12,267 miles. Of the top ten, Amoco Pipeline Company

(12,267 regulated miles), Mid-America Pipeline Company (7,055

regulated miles), and Williams Pipe Line Company (6,752 regulated

miles) operate in Minnesota. In addition, Lakehead Pipeline

Company, which was in the top ten in total trunkline traffic

carried, also operates in the state. The ten largest in mileage

accounted for 80,744 miles or 48 per cent of all regulated

interstate oil pipeline mileage in the country. The ten largest

pipelines as measured by the volume of traffic carried accounted

for sixty per cent of the total interstate regulated oil pipeline

industry traffic. The ten largest in terms of net income had 66

per cent of the industry's net income.19

The relatively small number of fairly large carriers in the

for-hire oil pipeline industry and the dominance by a still

smaller number, and the fact that their services are somewhat
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differentiated, leads to the conclusion that the oil pipeline

industry approximates differentiated oligopoly, i.e., a small

number of large firms with some differentiation in the services

offered to the shipping public. On many routes, however, a

pipeline may have no competition from other pipelines and a

monopoly situation is approximated. The oligopoly-monopoly

character of the oil pipeline industry can have important

implications for the general public in terms of pipeline

operating costs, quality of service provided, rates charged, the

impact of a pipeline shutdown and changes in the geographic

sources of crude oil and its products, or quantitative changes in

the demand for oil and its products.

Water Carriers

The Nature of Barge Operations. River transportation is an

important part of the freight transportation system of the United

States and it accounts for a large share of the bulk commodities

transported in intercity commerce. The shallow-draft tow boat-

barge method is used on the river system; several barges are tied

together into a "tow" and are pushed by a tow boat. On the lower

Mississippi River, for example, thirty or forty barges or more

may make up a single tow. On the upper river, however, tows are

much smaller, often consisting of fifteen barges, because of the

narrowness of the river and the fact that locks must be

negotiated. The size of the barges on the upper river varies,

with barges of 195 feet in length and 1500 tons capacity (about

450,000 gallons in a tank barge) the most common.
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Number of Carriers. There were in 1987 approximately 1,000

private and for-hire barge lines operating tow boats and barges

on the river and canal system, on the Great Lakes, and in the

coastal trades of the United States.20 They operated about 17,550

barges (11,000 covered barges for grain, 5,500 open barges for

coal, and 1,000 tank barges).21 A large share of the barge

traffic is private carriage.

Because of the relatively large number of barge line

companies and their relatively small size, and their ability to

differentiate their services, the barge line industry resembles

monopolistic competition, unlike the oligopolistic character of

the oil pipeline industry. However, depending on the route and

the commodity involved, the shipper choice may be limited to one

or a small number of barge line companies.

The Waterway System. Most for-hire river carriers are not

subject to economic regulation by either the federal or state

governments. However, they have a close relationship with

government in that they use a waterway furnished either by nature

or by nature with the assistance of government paid-for waterway

improvements. These improvements consist of straightening and

deepening rivers and constructing and operating dams and locks,

as well as dredging channels to a minimum depth, and making

harbor improvements such as dredging and building of breakwaters.

Since 1980, carriers using the river system have been required to

contribute to federal waterway expenditures by paying a ten cents
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per gallon federal user tax on diesel fuel used in tow boats.

This tax will rise to twenty cents per gallon by 1995.

The inland waterway system, including the Great Lakes,

consists of more than 25,000 miles of improved waterways, about

16,000 miles of which are at least nine feet in depth. The water-

way system is shown in Figure 3.

Traffic Carried. Private and for-hire river water carriers

accounted for 13.2 per cent of the domestic intercity ton-miles

carried in the country in 1987. This share was 11.2 per cent in

1973. The actual ton-miles carried on the river system increased

from 232 billion in 1973 to 353 billion in 1987. 22 Because of the

service and rate characteristics of domestic water

transportation, and the high loading and unloading costs

associated with non-bulk traffic, the kind of traffic carried

tends to be large shipments of medium-value and lower-value bulk

commodities that can be loaded and unloaded mechanically and that

move over fairly long hauls. These products include crude

petroleum, petroleum products, chemicals, grain and other

agricultural products, coal and other products of mines, sand,

gravel, stone, forest products, and some semifinished and

finished products.

The main advantage that barge transportation offers to the

shipper is relatively low cost. The low rates charged by for-hire

carriers and the low operating costs of private carriers are the

result of the fact that water carriers can carry a large amount

of weight at low labor and energy cost per unit because the



Figure 3

Waterways of the United States

Source: The American Waterways Operators, Inc.
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tractive effort needed to move weight by water is less than on

land. Thus, a large tow of thirty to forty barges might carry

40,000 to 60,000 tons with a crew of ten or twelve and one

towboat involved. In addition, the barge lines benefit from the

fact that they are required to pay only a small part of the cost

of providing the government-sponsored waterway improvements that

they use.

On the negative side, however, barge service has several

important disadvantages for the shipper. Among these are that it

is slow and it can be seasonal in the northern part of the

country and it is not available everywhere because of the fixed

nature geographically of the waterway system.

Water transportation is used mainly by shippers of large

quantities of medium- to low-value commodities who are not

concerned about time but are interested in low rates, and who are

located on a waterway.

Transportation of Petroleum and its Products in Minnesota--

Crude Petroleum

Because Minnesota has no indigenous traditional energy

sources, it is necessary for the state to import such sources

from elsewhere. In the case of crude petroleum, large quantities

are brought from domestic or foreign origins and refined in

Minnesota by local refineries into gasoline, fuel oil, diesel

oil, and the other products of petroleum. Possible sources of

crude oil include Canada, Organization of Petroleum Exporting
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Countries (OPEC), and the Gulf and southwestern and other areas

of the United States. In fact, however, Minnesota has long relied

heavily on Canada and North Dakota as its crude oil sources with

some crude coming from other domestic sources and a small amount

coming from other foreign countries.

Crude Petroleum Pipelines

The transportation system that brings crude oil to

Minnesota's local refineries includes oil pipelines and water

carriers, with oil pipelines accounting for most of the supply.

In 1985, there were approximately 1,630 miles of crude oil

pipelines in Minnesota.2 3 There are five crude oil pipelines in

the state; they supply crude oil to the state's three local

refineries. These are the Koch refinery located at Pine Bend, the

Ashland refinery at St. Paul Park, and the Murphy refinery

located at Superior, Wisconsin. A map showing the crude oil

pipelines in Minnesota is shown in Figure 4.

Lakehead Pipeline. The Lakehead Pipeline, the longest crude

oil line in Minnesota, operates four parallel pipelines in the

state with a total mileage in Minnesota of 1,048 miles (2,612 in

its total system). It carries crude petroleum that originates in

western Canada which it receives from the Interprovincial pipe-

line at Neche, North Dakota, 26 miles from the Minnesota border.

Lakehead and Interprovincial are owned by Interholm Energy, Inc.

of Calgary, Canada. Lakehead enters Minnesota in the northwest

corner of the state and crosses northern Minnesota passing
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Figure 4

Crude Oil Pipelines in Minnesota
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Source: Energy Division, Minnesota Department of Public Service

and other sources (modified by author).
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through Clearbrook and leaves the state at Duluth as it heads

east through Superior, where it serves the Murphy refinery, and

splits into two routes, one heading toward Ontario, Canada and

the other toward Chicago. The four Lakehead pipelines are

eighteen inches in diameter (283 miles), 26 inches (296 miles),

34 inches (284 miles), and 48 inches (185 miles), generally in

the same right-of-way. The 48 inch line is used in strategic

areas where large capacity is needed, particularly downstream

from pumping stations. When the 48-inch line is used, the

eighteen-inch line is not used. Lakehead delivers about 170,000

barrels (one barrel contains 42 gallons) of crude oil per day or

62 million barrels per year to Minnesota.24

Portal Pipeline. The Portal pipeline operates from western

North Dakota to Clearbrook. A sixteen-inch diameter line, owned

by Hunt Oil Company and Burlington Northern, Inc., it enters

Minnesota in the northwest corner of the state and ends at

Clearbrook, delivering about twenty million barrels of crude oil

per year.25 Most of the oil carried is from western North Dakota

with a very small amount from Montana.

Minnesota Pipeline. The Minnesota Pipeline Company, owned by

Koch, transports Canadian and North Dakota crude oil to the Koch

and Ashland refineries from Clearbrook. As noted above, the oil

is first brought to Clearbrook by the Lakehead and Portal

pipelines. It delivers about 240,000 barrels of crude oil per day

to the Twin Cities refineries, or about 88 million barrels per

year.2 It has two sixteen-inch diameter lines in the same
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right-of-way with a total pipeline mileage of 512.27

Canadian and North Dakota crude oil account for about 90 per

cent of the three local refiners' crude oil supply.

Wood River and Williams Pipelines. There are two pipelines

from the south that can carry domestic or foreign crude oil to

the Koch and Ashland refineries. The Wood River pipeline was a

joint Koch-Williams Pipe Line Company operation starting at Wood

River, Illinois near St. Louis completed in 1981. Koch has since

purchased Williams' share and it is part of the Koch Pipelines,

Inc. system.28 Its diameter varies from twenty inches to 24

inches to eighteen inches. The segment from Mason City, Iowa to

the Twin Cities is eighteen inches in diameter and has a current

capacity of 65,000 barrels per day but it has carried less than

that in recent years.29

The fourth crude oil pipeline in Minnesota is the Williams

twelve-inch pipeline from the south to the Twin Cities which can

be used to carry crude oil or petroleum products. Crude oil

brought to Minnesota from the south usually originates in

Oklahoma and Texas. The two southern pipelines account for a

small part of the crude oil refined in Minnesota.

Other Crude Petroleum Pipelines. Because Minnesota consumes

some petroleum products refined at localities other than the

three local refinery points, crude oil transportation other than

that related directly to the three local refineries is of some

importance to the state.

An Amoco refinery at Mandan, North Dakota supplies Minnesota
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with petroleum products. It uses crude oil produced in North

Dakota which it receives by its own gathering lines. Amoco's

Whiting, Indiana refinery also serves Minnesota. It receives

crude oil by pipeline from various domestic and foreign crude oil

production points. The Amoco refineries rely primarily on crude

oil produced by Amoco.

Mid continent (Kansas and Oklahoma) refineries operated by

several different oil companies produce part of Minnesota's

petroleum products. They receive crude oil mainly from producing

areas in Kansas, Oklahoma, and Texas. Refineries on the Gulf

Coast in Texas and Louisiana use local and foreign crude oil and

supply a small part of Minnesota's petroleum products.

Summary of Sources of Crude Petroleum. The three local

refineries, which dominate the petroleum products market in

Minnesota, rely primarily on crude petroleum produced in Canada

and North Dakota. In 1984, the three local refineries received 66

per cent of their crude oil from Canada and 27 per cent from

North Dakota, or a total of 93 per cent from those two sources.30

At that time the three local refineries were using 225,000

barrels of crude oil per day. When the sources of crude petroleum

used by non-local refineries that serve Minnesota are taken into

account, other domestic crude oil sources show some importance

while foreign sources other than Canada account for a very small

part of the total crude oil used. The Minnesota State Planning

Agency summarized the crude oil sources for all refineries

serving Minnesota in 1984 as follows:
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Canada 45.0 per cent

North Dakota 25.0 - 30.0 per cent

Other domestic sources 20.0 - 25.0 per cent

Other foreign sources 1.0 - 5.0 per cent31

The importance of Canada and North Dakota has increased since

1984 because the local refineries have a larger share of the

Minnesota products market than they had in 1984.

Water Transportation of Crude Petroleum

Waterways in Minnesota. The heart of the inland waterway

system is the Mississippi River and its tributaries. Minnesota

has 63 river terminals on the Mississippi, Minnesota, and St.

Croix rivers, at Minneapolis, St. Paul, Savage, Rosemount,

Hastings, South St. Paul, Lilydale, Grey Cloud Island, St. Paul

Park, Newport, Burnsville, Stillwater, Oak Park Heights, Red

Wing, and Winona. Of these, St. Paul is the most important in

terms of the volume of traffic handled, with far more terminal

sites than the others. There are approximately ninety miles of

local waterways and about fifty terminal sites in the Twin

Cities. According to the Minnesota Department of Transportation,

nine of the terminals that were active in 1987 handled petroleum

products and one handled crude oil. The latter was the Koch

refinery terminal at Rosemount (Pine Bend).32



Carriers Serving Minnesota. The long-distance or line-haul

barge lines serving Minnesota are about thirty in number, and

include American Commercial Barge Line Company, the Valley Line

Company, Riverway Company, Cargo Carriers, and Mid America. Nine

companies provided harbor services (picking up and delivering

barges at terminals for local transportation or to make

connections for long-haul transportation) in Minnesota in 1987.33

Traffic at Minnesota Ports. Grain and related products are

the primary outbound commodities shipped downriver from Minnesota

ports, accounting for 64.9 per cent of Minnesota shipments in

1984, the last year for which complete information is available.

Other commodities shipped from Minnesota terminals were coal,

fertilizer, sand and gravel, metal products, forest products,

scrap, petroleum products, and chemicals.34 Total outbound

tonnage in 1984 was 17.9 million short tons. These figures

include local movements within the region.

Inbound commodities to Minnesota terminals include mainly

coal, fertilizer, and sand and gravel. Others are grain and grain

mill products (very small quantity), salt and non metallic

minerals, metal products, forest products, scrap, petroleum

products, and chemicals. Total inbound tonnage in 1984 was 6.3

million tons.35 These figures include local movements within the

region.

It can be seen that there is a large imbalance in barge

traffic to and from Minnesota ports with shipments of 17.9

million tons almost three times the 6.4 million tons received in

1984.
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Terminals in the Twin Cities area (Ramsey, Hennepin, Dakota,

Washington, and Scott counties) account for about 94 per cent of

the outbound water tonnage from Minnesota terminals and 96 per

cent of the inbound tonnage.

There has been little movement of crude petroleum by water

to Minnesota ports in recent years and the Koch refinery, which

operates the only currently operable crude oil terminal in the

area, has not received any crude oil there for some time.

However, there is the possibility of movement of crude oil to

Minnesota by water in the future and the Koch terminal is kept in

readiness for that purpose. Water transportation remains an

alternative to pipeline transportation if needed. There is some

water transport activity in connection with petroleum products

and coal, discussed later in this report.
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Transportation of Petroleum and its Products in Minnesota--

Petroleum Products

Petroleum Products Consumption

In 1986, petroleum products accounted for about 38 per cent

of the energy consumed in Minnesota, measured in Btu's.

Transportation of petroleum products is, therefore, very

important to the state and especially to the transportation

sector because it uses about 74 per cent of the petroleum

products used in Minnesota. The residential sector uses about six

per cent, industrial users consume about five per cent, while

commercial users account for four per cent. Agriculture consumes

ten per cent of the petroleum products used. The use of petroleum

products to generate electricity is negligible, amounting to less

than one per cent of the state's consumption (see Table 2 above).

Oil Refineries Serving Minnesota

Oil refineries from which Minnesota draws most of its

various petroleum products consist of three local refineries and

the Amoco refinery at Mandan, North Dakota. Other refineries that

help to supply Minnesota are the Amoco refinery at Whiting,

Indiana and refineries in Oklahoma and Kansas and farther south

in the United States. A minor quantity of petroleum products

comes to Minnesota from Canada.

Local Refineries. The three local refineries are the Koch

Refining Company in Pine Bend (near Rosemount), the Ashland Oil
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Company in St. Paul Park, and Murphy Oil Company in Superior,

Wisconsin.36 The largest of these is the Koch refinery, owned by

Koch Industries of Wichita, Kansas, which has a crude oil

processing capacity per day of about 180,000 barrels37 and has

been undergoing an expansion that will bring it to a higher

level. 3 Koch Industries has refineries and retail outlets

elsewhere in the country and some crude oil reserves.

The Ashland refinery has a daily capacity of 67,000 barrels

of crude oil and the Murphy refinery has a capacity of 32,000

barrels per day.39 The three local refineries provide about two-

thirds of the gasoline and other petroleum products used in the

state.40

The three local refineries (and the Amoco refinery at

Mandan, North Dakota) are also important sources of supply for

southwestern Wisconsin, eastern North Dakota, and, to some

extent, for northern Iowa and eastern South Dakota. Koch recently

completed a new products pipeline from its Pine Bend refinery to

Milwaukee, Wisconsin. It includes a twelve-inch diameter section

from Pine Bend to Junction City (near Stevens Point), Wisconsin

that parallels a pre-existing six-inch line. Beyond that point it

is a single ten-inch line.

Koch, Ashland, and Murphy supply petroleum products directly

to distributors or to their own retailers and they also provide

most of the products sold in Minnesota by other oil refining

companies. Most of the integrated oil companies that sell



products in Minnesota contract with Koch to refine products to be

sold under their brand names. There are also exchange agreements

wherein a petroleum product may be delivered from, say, the Koch

refinery, but is really purchased from some other oil company

located in another part of the country. These methods are used in

order to reduce transportation costs and to enable refineries to

sell in distant markets. An example is an exchange between Koch

and a Cenex/Land O'Lakes refinery at Billings, Montana whereby

Cenex/Land O'Lakes trades output with Koch to avoid

transportation from Billings to Minnesota.41 Another example is a

St. Paul jobber who purchases petroleum products from Koch under

the Texaco brand name.

The three local refineries receive crude oil almost entirely

from western Canada and North Dakota, with Canada accounting for

most of the supply. The crude oil is purchased by the three local

refineries since they do not themselves own substantial oil

reserves in North Dakota and Canada. It is transported to the

local refineries by pipeline as discussed earlier.

Amoco Refineries. The Amoco refinery at Mandan, North Dakota

and other refineries to the south, including Amoco's refinery at

Whiting, Indiana, supply the rest of Minnesota's petroleum

products. The Mandan refinery has a capacity of 58,000 barrels of

crude oil per day.42 The Mandan refinery and the three local

refineries account for eighty to ninety per cent of the petroleum

products sold in Minnesota. The Mandan refinery receives its

crude oil from western North Dakota via its own gathering
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pipelines. It sends refined products to Minnesota via Amoco's

eight-inch products pipeline which enters the state at Moorhead

and terminates at Roseville in the Twin Cities area.

The Whiting refinery can receive crude oil by pipeline from

various domestic and foreign crude oil sources. It sends

petroleum products to Minnesota via Amoco's ten-inch pipeline

which enters Minnesota at Spring Valley and terminates at

Roseville. The Whiting to Roseville line is in part reversible in

direction so that products from Mandan can be sent as far south

as Spring Valley.43 Both Amoco refineries rely in large part on

crude oil produced by Amoco itself, a large vertically integrated

company.

Other Refineries. The total production of the three local

refineries plus shipments to Minnesota by Amoco approximate the

demand for petroleum products in Minnesota. However, some

petroleum products come from elsewhere. Other refineries that

supply Minnesota are located in the mid continent area of the

United States, meaning Oklahoma and Kansas, which can service

Minnesota via the Williams products pipeline.44 They rely

primarily on nearby crude oil sources in Oklahoma, Kansas, and

Texas. They are at a delivered cost disadvantage in Minnesota

because of their greater distance from the Minnesota market and

are considered to be a secondary source of supply. There has been

a reduction in the refining capacity in the mid continent area
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because of competition from Gulf Coast refineries and from Koch's

refinery growth in the Twin Cities. However, mid continent

refineries provide competition to local refiners and regularly

serve part of the petroleum products need in the state. In 1985

the twelve refineries in the mid continent area had a daily

capacity of 711,000 barrels of crude oil.45

Refineries on the Gulf of Mexico coast in Texas and

Louisiana supply a small part of Minnesota's petroleum products

and do so via the Williams products pipeline which connects with

other pipelines that serve the Gulf Coast area.

Finally, a very small quantity of petroleum products can on

occasion be brought into Minnesota from refineries in Canada by

truck.

Market Competition. The three local refineries and Amoco

dominate the Minnesota market for petroleum products. Part of

their success rests on the spatial advantage that they enjoy.

They are well located for receiving crude oil from Canada and

North Dakota and are closer to those sources than other

refineries and may have lower inbound crude oil transportation

costs. They are also well located for serving the local market,

with an outbound transportation cost advantage over more distant

refineries in the mid continent area and elsewhere. Petroleum

products volume from refineries located to the south have

declined in recent years as the production of local refineries

increased, including the large expansion at Koch.

In a study made by the Minnesota State Planning Agency, it
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was concluded that the dominant trend in the Minnesota petroleum

market has been increased concentration of supply. Between 1978

and 1984, the number of companies supplying over one per cent of

Minnesota's gasoline consumption fell from 21 to 17 with four

refining companies withdrawing from the Minnesota market. The

combined market share for gasoline held by the four largest

suppliers (Koch, Ashland, Murphy, and Amoco) increased from 48

per cent to 58 per cent. The second four had 18 per cent.46 The

agency predicted that Koch, Ashland, Murphy, and Amoco will be an

increasingly dominant source of petroleum products in the future.

Eventually, it is likely that no petroleum products will come in

from elsewhere. The dominance of a few refiners is not unusual in

United States petroleum markets since the twenty largest refining

companies control 79 per cent of the refining capacity in the

country.47

Petroleum Products Pipelines Serving Minnesota

The location of petroleum products pipelines and refineries

in the Minnesota area are shown in the map in Figure 5. Terminals

on the pipeline system are also indicated. There are, of course,

terminal facilities at the refineries themselves. In 1985,

there were 1,320 miles of petroleum products pipelines in

Minnesota.48 There have been minor adjustments since then.

Williams Pipe Line Company. The Williams Pipe Line Company

lines consist of 960 miles in Minnesota which vary between six

inches and twelve inches in diameter. Williams' terminals in
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Figure 5

Petroleum Products Pipelines and Terminals in Minnesota**
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Minnesota are located at Alexandria, Minneapolis, Marshall,

Mankato, and Rochester, with additional terminals at Fargo and

Grand Forks, North Dakota and Watertown and Sioux Falls, South

Dakota. Williams also serves terminals owned by others at Duluth,

Wrenshall, Roseville, Inver Hills, St. Paul Park, and

Minneapolis-St. Paul International Airport in Minnesota and at

Superior, Wisconsin. The entire Williams system consists of 8,500

miles with 45 terminals in a ten-state area, connecting with oil

refineries in Oklahoma and Kansas, as noted earlier.49 It also

has access to refineries on the Gulf Coast of Texas and Louisiana

via connections with other pipeline companies. Williams delivers

approximately 32 million barrels of petroleum products to

Minnesota per year, including a share of the deliveries made to

border terminals in North Dakota and Wisconsin."s

Amoco Pipeline Company. The Amoco products pipelines consist

of 350 miles in the state, supplying four terminals in Minnesota

from its own refineries at Mandan and Whiting.51 The Minnesota

terminals are at Moorhead, Sauk Centre, Roseville, and Spring

Valley. The Amoco line is eight inches in diameter between

Moorhead, where it enters Minnesota, and Roseville, and ten

inches from the Iowa border to Roseville. Amoco carries about one

million barrels of petroleum products to Minnesota per year from

Mandan and about 300,000 barrels from Whiting (that part of the

pipeline runs below capacity).52

Koch Pipeline. Finally, Koch operates an eight-inch pipeline

to carry aviation jet fuel from its refinery at Pine Bend to
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Minneapolis-St. Paul International Airport carrying approximately

3.5 million barrels per year. Williams delivers about 4.5 million

barrels each year to the airport via its eight-inch pipeline, the

jet fuel coming from mid continent refineries.53

Pipeline Terminals. The terminals operated by the Williams

and Amoco products pipelines are shown in the map in Figure 5.

There are a total of twelve petroleum products pipeline terminals

in Minnesota, including that at Minneapolis-St. Paul

International Airport, and several others located nearby in

Superior, Wisconsin and in North and South Dakota and Iowa. Three

other products terminals are located at the three local

refineries.54 Petroleum products are distributed by truck from

the terminals to distributors and end users (see below).

Propane Pipelines Serving Minnesota

Liquified petroleum gas (LPG) products include propane,

ethane, butane, and compressed mixtures of these fuels. LPG fuels

are found in combination with natural gas and are also produced

as a by product of petroleum refining. Propane is the only one

that is widely used in Minnesota and the only one dealt with

here. Because the distribution system for propane is similar to

that of petroleum products in general and, in fact, petroleum

product distributors often carry propane, it is discussed in this

section dealing with petroleum products rather than in the

section dealing with natural gas.

The major use of propane in Minnesota is for residential and
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commercial space heating in rural and suburban areas. Another

major use is to dry grain. It is also used to power farm

equipment, provide a backup fuel for industry, and to supplement

utility natural gas supplies during peak usage periods. Because

it is more expensive than petroleum or natural gas, it is used

when the less available fuels are unavailable or insufficient.55

Propane is transported by barge, railroad tank car, and by

motor truck, as well as by high-pressure pipelines, and is stored

in pressure tanks. It is kept under pressure in liquid form

during transportation and storage. At normal atmospheric pressure

and temperature it vaporizes into a gas. Although propane can be

transported and sold in bottles, most of it moves in bulk, even

when delivering to small end users.

There are three propane pipelines in southern Minnesota,

involving 450 miles. See Figure 6. The Cochin Pipeline System,

the longest in the state, has 1,197 miles of regulated interstate

pipeline in its total system.56 It carries propane from western

Canada to several midwest states and has terminals at Benson and

Mankato. The other two pipelines bring domestically produced

propane from the south central United States. The Mid-America

Pipeline Company (MAPCO), one of the ten largest pipeline

companies in the country in terms of interstate regulated mileage

(about 7,000 miles),57 has terminals at Sanborn, Iowa and Vernon

Center and Pine Bend, Minnesota. The Enron Liquids Pipeline

Company (formerly Hydrocarbon Transport Incorporate) has about

1,600 miles in its total system "58 It has terminals at Clear
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Figure 6

Propane Pipelines in Minnesota

Note: The HTL (Hydro Carbon Transport Incorporate) pipeline is
now the Enron pipeline.

Source: Minnesota Department of Energy and Economic Development.
Energy Policy and Conservation Report (St.Paul: Minnesota
Department of Energy and Economic Development, 1982), p.
34(modified by author).
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Lake, Iowa and Rosemount, Minnesota. A fourth pipeline, the

Pacific pipeline, originates in western Canada and has a terminal

at Fort Wyte, Manitoba which can be reached by customers in

extreme northern Minnesota. Many distributors in those parts of

the state where there are no propane pipelines available must

rely on railroad transportation by tank car to receive propane.

Water Transportation of Petroleum Products

An additional possible source of refined petroleum products

is by barge from refineries to the south. In fact, some petroleum

products are delivered directly by barge to large volume

customers in the Twin Cities. However, in recent years, most of

this has been provided by local refineries. In 1984, of the 16.9

million short tons of all commodities shipped from Twin Cities

area (Ramsey, Hennepin, Dakota, Washington, and Scott counties)

river terminals, about one million tons (about 7.2 million

barrels) were petroleum products. Of the six million short tons

received at Twin cities river terminals, 567,000 tons (about 3.9

million barrels) were petroleum products.59 Local movements of

petroleum products between Minnesota terminals are included.

Water carrier shipments exceeded water carrier receipts in 1984,

meaning that there was a net outflow of petroleum products from

Minnesota.

It was estimated that, in 1987, petroleum products

deliveries to Twin Cities terminals amounted to 800,000 short

tons (about 5.4 million barrels), almost all of this was moved
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from the Koch refinery at Pine Bend,60 indicating that there is

little movement of petroleum products from refineries to the

south into Minnesota by water. Water carrier shipments account

for a very small part of the total petroleum product consumption

in the state.

Distribution of Petroleum Products Within Minnesota

Channels of Distribution. The suppliers of petroleum

products in Minnesota include the three local refineries and

Amoco and other refiners located elsewhere (see discussion

above). In addition to direct sale to end users, there are three

channels of distribution that can be used by a refinery to reach

the end user. First is sale to retailers who resell to the end

user, using the refiner's brand name.61 The retailers can be

refiner-owned and operated stores or lessees of property owned by

the refiner.62 The second channel is to sell "branded" products

to wholesalers or "jobbers" who distribute to end users,

retailers, and other wholesalers using the refiner's brand name.

The retailers sold to can be refiner-owned and operated or dealer

lessees or independent retailers. It is common for jobbers to

have multiple-suppliers. The third channel is to sell to either

retailers or jobbers without brand identification of the product

("unbranded" products). The retailers can be chains of stores

operating on a discount basis who purchase petroleum products and

distribute them to their own stores and, possibly, to other
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retailers. Jobbers can resell to other wholesalers, to their own

company-owned stores, to independent retailers, or to end users.

In addition to the above, brokers can also be involved, arranging

a sale of refined products at any level of the distribution

system on a one-time or repetitive basis. The petroleum products

distribution and transportation system is shown in Figure 7.

Principal Refineries Serving Minnesota. As to the refineries

serving Minnesota, Koch does not brand its products. It sells

unbranded products to jobbers and retailers who then resell them

under various brand names of their own. Ashland supplies its own

retail Super America stores under the Super America brand name

and also sells unbranded products to jobbers and other retailers.

Murphy distributes directly to a network of retail outlets using

the Spur brand name as well as unbranded products to jobbers and

other retailers. Amoco distributes directly to Amoco retailers

from its refineries in Mandan and Whiting and also through

jobbers who distribute to retailers with the Amoco brand name

retained throughout the channel of distribution. There were about

600 Amoco retail outlets in Minnesota in 1986, the largest number

of refining company affiliated outlets in the state.

Other Refineries Serving Minnesota. The refiners located in

the mid continent region and elsewhere in the United States have

the same three channel alternatives mentioned above. The large

refining companies, such as Conoco, Mobil, Texaco, and Phillips,

distribute branded products to jobbers and directly to retailers.
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Figure 7

DISTRIBUTION AND TRANSPORTATION OF PETROLEUM PRODUCTS IN
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Cooperative refineries such as Cenex/Land O'Lakes and Farmland

Industries distribute petroleum products directly to their retail

cooperative outlets and also to other retailers under the

cooperative brand name.

Petroleum Products Jobbers. Jobbers purchase and load

petroleum products at refineries or at pipeline or water

terminals and deliver the products to retailers or end users or

to other wholesalers. Storage by the jobber may take place. The

jobber's customers may buy in full truckload quantities or in

less-than-truckload quantities. The latter would likely require

the jobber to have storage facilities. End users include farmers,

home owners, industrial users, commercial users (including

transportation companies), individual consumers, and so on. A

wide range of size of jobber exists, ranging from one truck

operators with no storage space to large multi-truck operators

with considerable storage facilities. Products handled by jobbers

can include gasoline, fuel oil, diesel oil, aviation gasoline,

and so on. Jobbers may also carry other products related to the

liquid petroleum product business such as lubrication products

and tires. For example, a large Twin Cities area jobber included

in the study carries a wide range of products, including heating

oil, diesel fuel, super premium diesel fuel, gasoline, solvents,

kerosene, engine oils, industrial oils, hydraulic oils, synthetic

lubricants, gear lubricants, greases, anti-freeze, absorption

products, additives, chemicals, tanks, pumps, lubrication

dispensing equipment, signage, and point of sale displays. This
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particular jobber carries the brands of two major oil companies.

"Branded" jobbers maintain the oil refining company's brand

name. They often own gasoline service stations that they operate

themselves or lease to others to operate. They may deal in

unbranded products also and could deal with more than one

refining company as a branded jobber. "Unbranded" jobbers obtain

products from any supplier with unbranded products, such as Koch.

The products are resold under the jobber's name. The jobber may

own gasoline retail outlets, perhaps associated with convenience

stores, or the retail outlet can consist only of gasoline pumps

and nothing else.

Typical tank truck bulk loads handled by jobbers in

Minnesota when picking up at a terminal or delivering to a

customer are about 8,000 gallons, largely determined by weight

limits for trucks in Minnesota. The range is generally between

7,200 and 9,200 gallons, depending on the weight density of the

petroleum product being carried. For example, fuel oil is heavier

per gallon than aviation gasoline so that a typical fuel oil

truckload contains about 7,200 gallons, while a load of aviation

gasoline could contain as much as 8,500 gallons. One distributor

reported that diesel oil loads were 7,000 gallons while gasoline

loads were 8,000 gallons. Another reported the figures to be

7,500 and 8,600 gallons. The gross weight limit is 80,000 pounds

on Interstate and many other highways, which includes the weight

of the vehicle and its contents. Propane distributors often

operate smaller trucks of up to 3,200 gallons capacity.
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The leading integrated petroleum refining companies selling

in Minnesota but located elsewhere have branded retail networks

as defined above. However, this does not mean that the products

sold at the retail level are brought in from distant refineries.

The jobbers often (except for Amoco products) purchase the

products from a local refinery and resell them as branded

products, as indicated earlier.

Motor Trucking and the Distribution of Petroleum Products

Motor Trucking in Minnesota. The channels of distribution

available to refineries when moving their petroleum products to

distributors and end users in Minnesota are discussed above.

Distribution takes place from a refinery site, such as the

Ashland refinery in St. Paul Park, or from a pipeline terminal,

such as the Williams terminal in Alexandria, or from a river

terminal such as the Mobil terminal in St. Paul. The distance

between the jobber and the refinery or terminal may be a few

blocks or many miles. Motor trucking is the transportation link

between the refinery site or pipeline terminal and the

distributor or the user. It is also the link between the jobber

and its customers who may be retailers, other wholesalers, or end

users.

There were over 681,000 motor trucks registered in Minnesota

in 1986.0 Minnesota has over 128,000 miles of roads and

streets, the fifth largest highway mileage among the states. The

Twin Cities Metropolitan Area is one of the nation's largest

trucking centers.
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The motor trucking industry in Minnesota has played an

important part in the economic development of the state. The for-

hire carriers operating intrastate are subject to economic

regulation of the Minnesota Transportation Regulation Board

(TRB). In 1989 there were approximately 4,500 for-hire carriers

of various kinds under regulation,64 including regular route

common carriers, irregular route common carriers (including

carriers of grain), contract carriers, livestock carriers, local

cartage carriers, courier carriers, building and house movers,

and petroleum carriers.65 There were also about 17,000 regulated

and unregulated interstate trucking companies registered to serve

in Minnesota, although many never do so. In addition, there are

thousands of intrastate and interstate private trucking

operations in the state.66

Petroleum Carriers. For-hire petroleum carriers are a

special category of carriers under the Minnesota economic

regulatory system, and are subject to entry control and rate

regulation. Petroleum carriers are defined by statute as for-hire

carriers that carry petroleum products in bulk in quantities in

excess of 2,000 gallons per load. Petroleum products are defined

to include crude petroleum and natural gas and any and all

derivatives arising out of the refinement thereof, including

anhydrous ammonia and liquid fertilizer.67 There were about 71

such intrastate carriers in 1989.68 Of these, about thirty also

operated in interstate commerce.
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Minnesota's petroleum carriers tend to be rather small in

size, as is true of the for-hire trucking industry in general.

The size of Minnesota carriers ranges from one-truck operators

with an annual operating revenue of less than $100,000 to

interstate carriers with annual revenue of over $20 million. Some

of the larger carriers with intrastate operating authority are

Dahlen Transport, Indianhead Truck Line, Transport, Inc., Jensen

Transport, and Wayne Transports.

An example of a Minnesota intrastate carrier is one included

in the study that operates in central Minnesota. It has thirty

employees, twenty trucks, holds common carrier operating

authority issued by the TRB, and sales of $2.1 million per year.

In 1988 it carried the following traffic:

aviation gasoline 100,000 gallons

aviation jet fuel 100,000 gallons

diesel oil 6,800,000 gallons

fuel oil 6,200,000 gallons

gasoline 30,000,000 gallons

kerosene 70,000 gallons

propane 2,500,000 gallons

There are also dozens of private intrastate and interstate

motor carriers of petroleum operating in Minnesota. These

vehicles are operated by refineries, jobbers, retailers, and end

users.

The for-hire carriers of petroleum products in Minnesota

have had difficulty in the past ten years. The main problem has
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been an increase in private trucking of petroleum products by

refiners and, in particular, by jobbers as they sought to reduce

transportation costs and/or provide better control and/or better

service. Larger jobbers operate as many as eight or ten tractor-

trailer combinations. Some jobber private carriers have also

illegally hauled on a for-hire basis for others in order to

achieve better utilization of vehicles.

The growth of private carriage and, in some cases, the

addition of their illegal for-hire service to the market, reduced

the amount of traffic available to full-time for-hire carriers.

In addition, for those Minnesota carriers that also operate in

interstate commerce, the depressed interstate rates brought about

by federal regulatory reform and overcapacity in the industry has

made it difficult to be profitable in interstate service,

although petroleum carriers have fared better than other kinds of

interstate truckers despite an increase in the number of carriers

in the industry. The fact that petroleum products are hazardous

materials has also been a problem because of government

regulation that must be complied with and the high cost of

liability insurance.
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Transportation and the Distributor

Characteristics of Distributors. In the mail questionnaire

and personal interview study conducted among 42 distributors of

petroleum products in Minnesota, it was found that the

distributors were generally small in size in terms of both the

number of employees and their annual sales volume. This was true

even though some jobbers operate at multiple sites and there is a

trend toward greater concentration in the business. About 75 per

cent had 24 or fewer employees and 65 per cent had annual sales

of less than $5 million. The annual volume of individual

petroleum products handled in physical units varied considerably,

ranging from less than 15,000 gallons per year to over 20 million

gallons per year. Almost all of the distributors studied handled

multiple kinds of petroleum products and almost all of them

included gasoline as one of their products. There were a few

distributors that handled only propane and one that handled only

aviation gasoline and aviation jet fuel.

Inbound Transportation. Distributors of petroleum products

obtain the products from pipeline terminals and refining sites,

as well as from railroad tank cars (propane) and from other

distributors. The distributors indicated that there are numerous

alternative sites from which they could obtain petroleum products

if necessary. The total number of Minnesota points mentioned as a
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current or alternative site was seventeen, along with three in

North Dakota, two in South Dakota, four in Iowa, and three in

Canada, with 29 in all.

Distributors of petroleum products predominantly use motor

truck transportation for inbound transportation from refineries,

pipeline terminals, and other sites. A few made use of railroad

transportation. These are mainly propane distributors without

access to a pipeline or who are using rail service during a

period of propane shortage by pipeline. They have "bulk plants"

located on railroad sidings where propane is pumped out of

railroad tank cars into the jobber's storage tank(s). A typical

tank car contains 30,000 gallons.

The kind of motor truck transportation used by those using

this form of inbound transportation varied with 76 per cent using

either common or contract for-hire carriers, hired either by the

supplier or the distributor. Common carriage was used more than

twice as often as contract carriage. Fifty-four per cent used

some form of private trucking, usually the vehicles were operated

by the distributor, not the supplier. Of course, some

distributors used more than one kind of inbound trucking.

Distributors indicated that the alternatives to the trucking

now being used include common carriage, contract carriage,

suppliers' private carriage, and their own private trucking.

Some distributors said that there are no alternatives. These were

usually those who use their own private carriage and do not think

that for-hire carriage is a reasonable alternative, although
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available. Most distributors indicated that there had been no

change in the modes used for inbound transportation in the past

five years and that they did not expect any changes in the next

five years. The few that had made a change recently had shifted

to their own private carriage. Those that anticipated some change

in the near future said that greater use of railroad

transportation could occur.

Among the for-hire carriers used by the distributors were

Jensen Transport, Dahlen Transport, Jacobsen Trucking, Carlson

Trucking, MIK Cooperative Trucking Association, Quickie

Transport, Wayne Transports, and the Burlington Northern

Railroad, among others. The distributors were not concerned about

availability of motor truck transportation, overwhelmingly

indicating that individual carriers other than those now being

used would be available if needed.

The distributors included in the study were generally

satisfied with the quality of service received from their inbound

carriers; almost all of those who answered the question ranked

the service received as good or excellent with about one-half of

these indicating that the service was excellent. The majority

said that transportation costs charged are about right but a fair

number said that the costs charged them are too high; some

complained that the regulated rates in Minnesota are too high.

Outbound Transportation. Some distributors confine their

outbound distribution and transportation to a narrow geographic

area with thirty miles being common. Others serve a much wider



-55-

area, up to sixty miles or more in some cases. Distributors of

propane tend to serve areas where fuel oil and natural gas is not

available to customers. Their geographic market areas are

decreasing in size as more competitors enter the business.

Distributors of petroleum products used in boats and

airplanes usually are located at a water site or at an airport so

that they have no outbound transportation in the usual sense.

They deal directly with the end user at the site. For some other

jobbers, commercial customers sometimes pick up gasoline or

diesel fuel by filling their vehicles' tanks at the jobber's

pumps and, therefore, there is no outbound transportation for the

jobber to arrange.

Most of the distributors in the study sold to many different

kinds of customers, most of whom were end users such as farmers,

residential customers, manufacturers, airplane owners, retail

stores and other kinds of businesses, boat owners, industrial

users, and "dispensers" or "fill stops" for propane at gasoline

stations where end users can fill small tanks of their own. About

one-half of the distributors also sell to other businesses

(wholesalers and retailers) for resale. Overall, of the

distributors in the study, 88 per cent sold to farmers, 85 per

cent sold to residential users, and a somewhat smaller percentage

sold to the'other categories of customers mentioned above.

Distributors rely primarily upon private trucking operations

to deliver to their customers. Sixty-nine per cent used their own

private trucking. A few used their customers' private carriage
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(10 per cent) and about 21 per cent used for-hire trucking,

usually common carriage. Almost all indicated that there had been

no change in their outbound transportation modes in the last five

years and none expected any change in the next five years.

However, most distributors who answered said that there were

alternative modes available if needed, including for-hire common

and contract carriage, their own private carriage, and private

carriage provided by customers. About 21 per cent said that there

were no alternatives available. These tended to be distributors

that were using their own private carriage who do not think for-

hire carriage is a possibility for them, even though available.

The for-hire carriers used by the limited number of

distributors that used for-hire trucking included Wayne

Transports, Dahlen Transport, Quickie Transport, Indianhead Truck

Line, Waconia Transport, Supreme Lines, Lakehead, Inc., and

Transport, Inc., among others.

Most distributors who answered believed that there would be

alternative individual carriers available for outbound

transportation if needed. All distributors in the study said that

present outbound service is good or excellent. About one-half

said that they believed that the cost of outbound transportation

is too high; the others said that it is at about the right level.

Transportation and the User

Characteristics of Users. The industrial and commercial

petroleum products end-users included in the study were of
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various sizes, ranging from 9-24 employees to 10,000 and over

with the largest having over 40,000. Annual sales volume of the

users studied ranged from less than $100,000 to $100 million or

more, the largest being several billion dollars. A large

proportion of the users had more than 100 employees (76 per cent)

and $5 million or more in annual sales (84 per cent). Fifty-one

per cent had $50 million or more in annual sales.

The industries represented included one or more motor bus

companies, motor trucking companies, railroads, airlines,

district heating operators, foundries, food processors,

educational and health care institutions, correctional

institutions, sewage treatment plants, electric power companies,

paper mills, rendering companies, sugar refineries, taconite

companies, and breweries.

The 58 petroleum products users represented in the mail and

personal interview study collectively used all of the petroleum

products that are available. The concentration was, however, in

diesel oil (40 respondents), gasoline (33), fuel oil (32), and

propane (24).

The quantity used annually of the most frequently used

individual petroleum product was from very small quantities to

hundreds of millions of gallons of diesel oil, to 350,000 gallons

of fuel oil, to 250,000 gallons of gasoline, and to one million

gallons of propane. The aviation gasoline used ranged up to

20,000 gallons and the aviation jet fuel used was many millions

of gallons per year.
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Inbound Transportation. The end users included in the study

obtain their petroleum products from refineries, from pipeline

terminals (in one case the user was supplied directly by

pipeline), from wholesalers (jobbers), and, in a few cases, from

retailers. The choice of source often depends on the prices

offered by the various possible sources, the user viewing

petroleum products as being homogenous products. In the case of

transportation company users--airlines, motor trucking companies,

and railroads--they have geographic choices as to where they will

purchase fuel, with price being an important factor in the

decision. In the situations where the end user obtains petroleum

products from a distributor, the user's inbound transportation is

the distributor's outbound transportation, as discussed above,

and is dominated by the use of the distributor's private

trucking. In other cases, the user makes use of other sources of

petroleum products, perhaps in addition to using a

distributor(s), and the transportation decision does not involve

a distributor. This would be the case when a user obtains

petroleum products directly from a refinery or pipeline terminal.

Most inbound transportation of petroleum products is by

motor truck. One important exception is the distribution of

aviation jet fuel to Minneapolis-St. Paul International Airport,

where the annual usage is about eight million barrels. Trucking

would be impractical because the daily demand is so great.

Instead, a pipeline from the Koch refinery and a Williams

pipeline deliver jet fuel directly to storage facilities at the



airport owned by the Minneapolis-St. Paul Metropolitan Airports

Commission. The airlines serving the airport lease the space as a

group and they contract with an operator to manage it. The fuel

stored there is owned by individual airlines who purchase it

individually. An underground pipeline system delivers the fuel to

each airport gate from the storage area.

The users studied use a variety of trucking services to

transport the petroleum products from the refinery, pipeline

terminal, or distributor, with the use about equally divided

between for-hire and private trucking, with a slight edge to for-

hire transportation. The for-hire use by common carrier was

slightly greater than that by contract carriage. Most of the

private carriage was provided by the supplier, not the end user.

The general practice, even for large users, is to order

relatively small quantities of petroleum products frequently and

thus minimize storage and inventory carrying costs. Since the

price of petroleum products became more erratic in the 1970's,

long-term contracts for future deliveries are usually not used.

The alternative modes that the users could avail themselves

of if needed generally included some version of motor truck

transportation not now being used by the respondent. Some users

said there are no satisfactory alternatives available, usually

because they preferred their own private carriage.

Only a few users reported that there had been a change in

the kind of transportation used for inbound transportation of

petroleum products in the last five years and virtually none

expected any change in the next five years.
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The individual for-hire trucking companies used included

Quickie Transport, Indianhead Truck Line, Jensen Transport,

Dahlen Transport, Wedul Truck Line, and Wayne Transports, among

others. Only a small proportion of those who answered the

question said that there are no alternatives to the individual

carriers now being used, probably because they are using private

carriage and they do not think for-hire transportation is

practical..

Ninety-five per cent of those who provided information said

that the transportation service they receive is good or excellent

and only a small number complained about transportation costs

being too high.
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Part V--TRANSPORTATION OF NATURAL GAS

The United States Transportation System

The major producers of natural gas are oil companies,

although gas is also produced by companies that specialize in

natural gas production, by natural gas pipeline companies, and by

gas distribution companies. Because of the nature of the product

involved, natural gas is transported exclusively by pipeline.69

Traditional Pipeline Operation

The long-haul natural gas pipeline system is unique in the

United States transportation system. Unlike the other modes of

transportation, where a large block of carriers operate on a for-

hire basis and carry for others without taking ownership of what

they carry, natural gas long-distance pipelines traditionally

produced and/or purchased most of the gas they carried, carried

it to distribution areas, and sold it to local distribution

companies or directly to large users. They operated independently

of other modes of transportation and they were not common

carriers, i.e., they did not have the common carrier obligation

to serve the public generally on a for-hire basis and to assume

common carrier liability for what they carried when they did

carry for others.

This system was subject to criticism because of the limited

options producers and purchasers of natural gas had, with the
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pipeline company in a position to control the situation. By

standing between the producer and the purchaser, it controlled

both the supply and the transportation of gas. The producers

depended on the pipeline to reach distribution areas while the

distributors and end users had no choice but to buy gas from

whatever pipeline served their areas.

The Pipeline System

The pipeline system begins in the well head area where

natural gas is found. Field and gathering pipelines transport gas

from individual wells to a long-distance pipeline. Long-distance

transportation is provided by "transmission" pipelines to local

distribution areas where it is distributed by local gas

distribution companies or utilities. At that point the gas enters

"distribution" pipelines or "mains" that serve individual natural

gas users. There are hundreds of gas distribution companies in

the country. Transmission lines are as large as 42 inches in

diameter. Distribution lines are as small as one inch in

diameter.

There are about 1.1 million miles of natural gas pipelines

in the United States, as shown in Table 8. Transmission lines

account for 271,000 miles and distribution lines for 769,000

miles, with about 94,000 miles of field and gathering lines. A

map showing the general pattern of natural gas transmission

pipelines is in Figure 8. The total natural gas pipeline system

continues to grow over time, as can be seen in Table 8. However,
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Table 8

NATURAL GAS PIPELINE MILEAGE IN THE UNITED STATES, 1973-1986

(000)

Field and
Gathering

65.9

68.5

71.5

77.8

86.2

91.9

93.7

94.1

93.8

Transmission

263.1

262.6

260.5

263.5

269.5

273.5

271.9

271.2

271.0

Distribu-
tion Mains

633.8

648 .2

666.9

688.5

714.1

729.7

736.8

753.4

769.3

Source: U.S. Department of Transportation, National
Transportation Statistics, Annual Report (Washington, D.C.: U.S.
Government Printing Office, 1988), Table 63, p. 144.

Year

1973

1975

1977

1979

1981

1983

1984

1985

1986

Total

962.9

979.3

998.9

1,029.8

1,069.8

1,095.1

1,102.4

1,118.7

1,134.1
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Figure 8

Intercity Natural Gas Pipelines in the United States

Source: American Gas Association
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growth of transmission line mileage levelled off in recent years,

while distribution lines continued to grow in number of miles.

There were 139 interstate natural gas pipeline companies in

1988.70 They are owned by oil companies, natural gas producers,

and independent owners. Some are jointly owned by two or more of

the above. There were 44 major interstate natural gas pipelines

and 95 other pipelines.71

The interstate lines carry natural gas from the producing

areas in Oklahoma, Kansas, Texas, New Mexico, Louisiana and

elsewhere in the United States and, in some cases, they carry gas

that originates in western Canada. The United States-Canada free

trade agreement, approved by both countries in 1988, has the

potential of increasing the amount of Canadian natural gas

brought to the United States. This may prove to be especially

important to Minnesota. The idea of the pact is to provide both

countries with freer access to the markets of the other by

prohibiting various restrictions on imports and exports. Canada

had previously removed a regulation that artificially kept the

price of gas sold to United States customers at a high level. One

source has predicted that the North Central region of the United

States will receive less natural gas from the west south central

United States (Louisiana, Oklahoma, Texas) in the future and will

receive a larger amount from the Rocky Mountain region of the

country and from western Canada.72

The ten largest interstate pipelines in 1987 ranged in size

from 10,586 miles to 23,540 miles. The largest was Northern
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Natural Division of Enron, a company that dominates natural gas

deliveries to Minnesota, where it is known as Northern Natural

Gas (NNG). Northern Natural ranked third in sales in 1987. 73

Other large natural gas pipelines in the top ten in mileage

were, in descending order, El Paso Natural Gas Company, Columbia

Gas Transmission Corporation, Tennessee Gas Pipeline Company,

Arkla, Inc., Natural Gas Pipeline Company of America, Panhandle

Eastern Pipe Line Company, KN Energy. ANR Pipeline Company, and

Transcontinental Gas Pipeline Company. These ten carriers

accounted for 54 per cent of the interstate natural gas pipeline

mileage in 1987.74

Open Access Transportation

FERC Policy. In 1985, the federal Energy Regulatory

Commission (FERC), which is the federal agency responsible for

regulating the interstate transportation of natural gas, provided

an option for pipeline companies whereby they could transport on

a large scale natural gas owned by others, i.e. not produced or

purchased by the pipeline company. Local distributors and large

users would purchase the gas directly from the producers (or

through brokers). The pipelines would, in effect, become for-hire

carriers of someone else's gas. The FERC would authorize such

transportation but it would be subject to the requirement that

the pipeline provide "open, nondiscriminatory access" to its

transportation service.7

This option was set forth as part of the Commission's



attempt to increase competition in the natural gas industry by

increasing the number of buyers and sellers participating in

natural gas transactions, and to bring fairer prices to producers

and users of gas. In effect, it would diminish the power of the

transmission pipeline in the buying and selling of gas. The

pipeline company would become, at least in part, a for-hire non-

owning carrier, as is the case in other modes of transportation.

The pipeline would be paid by the owner of the gas for

transporting the product. However, unlike the other modes of

transportation, the pipelines would not be required to become

common carriers.

The "nondiscriminatory access" requirement was designed to

prevent a pipeline from declining to carry natural gas owned by

others in competition with its own natural gas or to practice

rate or service discrimination against gas owners who do not have

transportation alternatives to the pipeline, such as another

pipeline, or the ability to use a different form of energy, such

as fuel oil. Open access pipelines were also required to allocate

transportation capacity on a first come, first served basis when

there is a shortage of such capacity. However, pipelines were not

required to become "open" carriers. And those who chose to become

open carriers, could still carry their own gas to market. Open

access transportation means that a utility company or user can

buy gas from a pipeline, a producer, or through a broker, and is

not forced to buy only from a pipeline, which often has a

monopoly over natural gas transportation to a given area.
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After a somewhat unfavorable court decision in 1987,76 the

FERC issued a second order which generally readopted Order 436

with some modifications.77

Customer Purchase Obligation. There were several rather

complicated issues associated with open transportation,

particularly those involving previous sales contracts that

pipelines had with their customers (distributors and users) and

purchase contracts with producers.

As to the former, Orders 436 and 500 provided that customers

of natural gas pipelines who had contracts for the purchase of

gas from the pipeline could convert their gas purchase obligation

to an obligation to buy transportation service of an equivalent

amount of gas bought from other sources. An unresolved issue is

whether or not such a customer who has claim to transportation

capacity of a pipeline can transfer use of that capacity to

others. Such capacity "brokering" was allowed by the FERC for a

single pipeline on an experimental basis in early 1989.78 The

FERC's general policy was not yet determined.

Take-or-Pay Contracts. Another issue has to do with "take-

or-pay" contracts. These are long-term (ten to twenty years)

contracts between pipeline companies and natural gas producers

signed in the late 1970's. At that time, natural gas was in short

supply and pipelines sought to insure future supplies by signing

such contracts with producers under which the pipeline agreed to

buy a certain amount of gas over time and pay a fixed price for

it. Under the contracts, the pipelines must pay for the gas,
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whether or not they take it from the producer. As gas supplies

increased and demand and prices dropped, the contracts became a

problem for pipelines because the fixed price was too high. In

1985, the pipelines had a liability of $12 billion for natural

gas they had contracted for but had not yet taken.

The pipeline companies have tried to negotiate and buy their

way out of the contracts with lump some payments to the producers

and many contracts have been bought out. The FERC, in Order

Number 500 in 1987, included interim provisions for passing part

of the buyout cost on to pipeline customers. However, the matter

is not resolved and considerable controversy remains over how the

losses from the contracts should be divided among producers,

pipelines, and natural gas users.79

Acceptance of Open Access Transportation. Under the new

option system provided by the FERC, a pipeline may choose not to

be or to be an open access carrier. It has been reported that, in

1986, 43 per cent of natural gas shipments by a group of major

pipeline companies were transported for others, as compared with

only seven per cent in 1981.80 The Interstate Natural Gas

Association of American said that transportation constituted 68

per cent of pipelines' market deliveries in 1987. This represents

a continuing increase in the proportion of for-hire carriage over

prior years. By 1988, many natural gas pipelines had chosen to

use the open transportation option, while continuing to operate

also under the traditional method whereby the pipeline has

ownership of the gas being transported.
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FERC Rationale. The changes in FERC regulations regarding

natural gas pipelines discussed above were part of an effort to

bring about a more competitive natural gas industry. This effort

began with the enactment by Congress of the Natural Gas Policy

Act in 1978.81 The Act had the purpose of stimulating domestic

production of natural gas and improving its distribution. A major

objective was to eliminate regulation of the well head price of

natural gas in interstate commerce that resulted in a lower

interstate price than the intrastate price. As a result of the

Act, the FERC gradually eliminated the regulation of the well

head prices of most newly discovered (in 1978 and after) gas

("new gas") and partially deregulated the price of gas discovered

prior to 1978 ("old gas"). In 1988, about forty per cent of the

natural gas reserves remained under well head price controls.82

Transportation of Natural Gas in Minnesota

Natural Gas Consumption

In 1986, natural gas accounted for 21 per cent of the energy

consumed in Minnesota measured in Btu's. Transportation of

natural gas is, therefore, important to the state and especially

to residential users because they use about 45 per cent of the

gas consumed in the state. Commercial users use thirty per cent,

while industrial users consume 23 per cent. Natural gas used to

produce electricity is small in Minnesota, accounting for less

than one per cent of the gas consumption in 1986. (See Table 4

above.).
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Sources of Natural Gas

Historically, Minnesota's natural gas supply has come from

gas fields in Texas, New Mexico, Oklahoma, and Kansas. In recent

years, an increasing quantity has come from Canada. The total

amount of natural gas delivered and used in Minnesota per year is

about 250 billion cubic feet.

Natural Gas Pipelines

Northern National Gas. There are about 3,900 miles of

natural gas transmission pipelines in Minnesota.83 Figure 9 is a

map of the natural gas pipelines in the state. The Northern

National Gas (NNG) pipeline is the principal gas transmission

pipeline in the state, accounting for 76 per cent of the

transmission miles and providing approximately ninety per cent of

the gas used in the state. NNG has lines mainly in the southern

half of the state with a line also to the Duluth area and beyond

in northern Minnesota. Its principal lines are sixteen inches to

36 inches in diameter and its branch lines to individual

communities in Minnesota are between two and sixteen inches in

diameter. NNG serves all major gas utilities in the state.84

NNG is a subsidiary of the Enron Corporation of Houston and,

as noted earlier, is the largest natural gas pipeline system in

the country--23,540 miles--about two-thirds of which is

transmission mileage and one-third gathering mileage. NNG sold
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Figure 9

Natural Gas Transmission Pipelines in Minnesota
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Source: Energy Division, Minnesota Department of Public Service
(modified by author) .
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about 414 billion cubic feet of gas in 1987 and transported about

700 billion cubic feet for others.85 About 83 per cent of the gas

carried by NNG in 1986 was produced in Texas, Louisiana, and

Oklahoma. About eight per cent came from other interstate

pipelines, six per cent from Canada, and three per cent from its

own sources.86 Actually, NNG can draw natural gas from almost any

production point in the United States by interchanging with other

pipelines owned by Enron, including the Northern Border pipeline

(see below) in which Enron has a twenty per cent ownership.

Almost all of the gas sold by NNG is for resale, only a

minor amount is sold directly to large customers.

NNG's management early decided to participate in the open

transportation program of the FERC. In 1981 NNG's transportation

for others amounted to only six per cent of its volume while in

1986 it accounted for 41 per cent.87 NNG renegotiated most of its

take-or-pay contracts and thereby reduced its liability under

those contracts.

Other Natural Gas Pipelines. The other natural gas

transmission pipelines in Minnesota bring gas from western

Canada. The Great Lakes Gas Transmission Company, headquartered

in Duluth, operates a diagonal line across northern Minnesota.

Most of its transmission mileage of 1,321 miles is 36 inches in

diameter.88 It serves Minnesota, Wisconsin, and Michigan in the

United States as well as points in Canada. In 1987 it sold almost

34 billion cubic feet of gas and carried for others about 400

billion cubic feet.89
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Midwestern Gas Transmission Company, a subsidiary of

Tenneco, Inc., with headquarters in Houston, serves northwestern

Minnesota as well as the central part of the state. It also

serves Kentucky, Indiana, Illinois, and Wisconsin with its 848-

mile transmission system. It has 352 miles of thirty-inch

diameter line and 496 miles of 24-inch line.90 In 1987,

Midwestern sold 127 billion cubic feet of natural gas and carried

about 7.5 billion cubic feet for others.91 Midwestern has

recently been connected to Minnegasco's distribution system via a

new connecting pipeline (see below).

Northern Border Transmission Company operates a 42-inch

diameter line across the southwestern corner of Minnesota. It

starts at Port of Morgan, Montana where it connects with the

Foothills Pipe Line which brings natural gas from Canada.

Completed in 1982, it terminates at Ventura, Iowa, 823 miles from

Port of Morgan. An extension to central Illinois is under

construction. It is jointly owned by several gas pipeline

companies, including Enron. Enron owns twenty per cent of

Northern Border and operates the pipeline via its Northern Plains

Natural Gas Company. Northern Border carried about 224 billion

cubic feet of natural gas for others in 1987; it carried none of

its own gas.92

Transportation and the Distributor

The transmission pipelines referred to above supply local

utilities which distribute the gas to their customers through
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their own distribution pipelines, called "mains." There are a

total of about 16,500 miles of local distribution lines in

Minnesota.93 The distribution system for natural gas is shown in

Figure 10.

According to the Minnesota Department of Public Service,

there are 29 natural gas utilities in Minnesota. The largest of

these and their natural gas sales in 1986 are shown in Table 9.

It can be seen that five companies accounted for 92.5 per cent of

the total quantity of gas sold in the state in 1986, with

Minnegasco and Northern States Power Company (NSP) together

accounting for 70.4 per cent.

Minnegasco. A subsidiary of Diversified Energies, Inc.,

Minnegasco, in 1987, had 1,633 employees, sold 121 billion cubic

feet of natural gas, and served 622,000 customers in 154

communities in Minnesota, 56 in eastern Nebraska, and 16 in

southeastern South Dakota, with about 8,700 miles of mains. Its

Minnesota market is in 32 counties in central and southern

Minnesota. Its largest market is Hennepin county which accounted

for 67 per cent of the company's total sales in 1986. In that

year it purchased 92 per cent of its gas from NNG with most of

the balance from KN Energy, Inc. The majority of the gas

purchased was under contracts with NNG that would not expire

until 1991. Most of the gas came from Nebraska, Oklahoma, Texas,

and New Mexico. The company believes that the pipeline service it

receives is excellent.94

Residential space heating users are Minnegasco's largest
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Figure 10

DISTRIBUTION AND TRANSPORTATION OF NATURAL GAS IN MINNESOTA
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someone else, such as an end user. When transmission lines
deliver to distribution companies, the gas enters the
distributuion lines of the distributor for movement to end users.
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Table 9

NATURAL GAS SALES IN MINNESOTA BY UTILITIES, 1986

Company

Minnegasco

Northern States Power

Peoples Natural Gas

North Central Public Service

Northern Minnesota Utilities

Others

Total

Billion
Cubic Feet

116.1

61.3

33.8

10.7

8.9

21.1

251.9

Percent
of Total

46.1

24.3

13.4

4.2

3.5

8.5

100.0

Source: Energy Division, Minnesota Department of Public Service.
See Energy: Minnesota's Options for the 1990's (St. Paul:
Minnesota Department of Public Service, December, 1988), p. 54.
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customer class; commercial heating is second. Industrial service

is third in importance.

Since the federal government liberalized the regulation of

natural gas transportation, Minnegasco has been a leader in

taking advantage of the increased freedom available to gas

utilities. It has dealt directly with gas producers and others.

Its most important step was to enter into an arrangement to build

a 32-mile pipeline completed in 1988 between Coon Rapids and

Cambridge to provide access to the Midwestern Gas Transmission

pipeline there. The new connecting pipeline cost about $11

million and was financed jointly by Tennegasco Corporation and

ANR Gathering Company. Minnegasco contracted to purchase Canadian

gas to be delivered through this new pipeline arrangement over a

ten-year period.

Northern States Power Company. NSP, which is involved in

electric power generation and a small telephone company in

addition to natural gas distribution, operates about 5,000 miles

of distribution lines and has approximately 315,000 gas customers

in Minnesota, North Dakota, Wisconsin, and Michigan. It has

contracted to purchase some of its gas from suppliers other than

NNG--producers or brokers--but still receives the gas via the NNG

pipeline, with the pipeline company as a transporter only. In

1988, NSP, which had previously purchased its entire supply from

NNG, purchased about fifty per cent from NNG and the rest from

other suppliers.95 In addition, some of NSP's large customers

purchase gas directly from producers and others and the gas is



transported locally through NSP's mains. In some cases, NSP acts

as a broker for its customers when it is to the advantage of the

customer.

Peoples Natural Gas Company. A division of Utilicorp United

of Council Bluffs, Iowa, Peoples Natural Gas was the third

largest gas utility in Minnesota in 1986. It has over 11,000

miles of mains and about 300,000 customers in Colorado, Kansas,

Iowa, Michigan, Missouri, Nebraska, South Dakota, and

Minnesota.96

Other Utilities. There are a total of 29 natural gas

utilities in Minnesota. The largest are shown in Table 9. As an

example of one of the other smaller utilities, a regional utility

included in the study employs eighty persons, serves seventeen

cities, and sells four billion cubic feet of natural gas per

year. It purchases the gas from Midwestern Gas Transmission

Company and NNG. The gas comes from the southwestern United

States and Canada. The company says that its transportation

service is excellent.

Transportation and the User

Three-quarters of the 59 energy users in Minnesota contacted

via personal interview or mail questionnaire in the study were

users of natural gas, in every case they were also users of some

other source of energy. These users generally had the same

characteristics as did the users of petroleum products described

earlier in this report in terms of size and industries
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represented. Their use of natural gas ranged from only 4,000

cubic feet per year to 383 million cubic feet per year, with 43.3

per cent using 50 million cubic feet or less and 73.3 per cent

using 150 million cubic feet or less. About 27 per cent used more

than 200 million. Several users reported that natural gas was

interchangeable with other sources of energy, including coal,

fuel oil, and wood pellets. Some indicated that they had

interruptable service, meaning that, in return for a lower than

usual price, they agreed to have their gas supply cut off when

the supplier was in short supply. The customer would then shift

to one of the alternative energy sources.

In most cases, the users purchased gas from a local utility.

In only a few cases did they purchase from another source, and in

those situations it was an interstate pipeline company. In all

cases, the natural gas transportation service provided was

considered to be good or excellent.
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Part VI--TRANSPORTATION OF COAL

The United States Transportation System

Coal is the country's most abundant energy source. It is

produced in about 25 states, with over 75 per cent of the

production coming from Illinois, Kentucky, Montana, Pennsylvania,

West Virginia, and Wyoming.

Appalachian coal fields in the area from Pennsylvania to

Alabama contain coal that is medium to low in sulfur content.

Most of the coal in the midwest is in the Illinois Basin which

includes Illinois, Indiana, and western Kentucky and is

relatively high in sulfur content. Western coal found in the area

from Montana to New Mexico is low in sulfur. However, it has a

lower heat production per pound than midwestern or Appalachian

coal.97 Most western coal is produced through surface mining

while about two-thirds of midwestern coal and one-half of

Appalachian coal is mined that way, as opposed to underground

mining.98

Long-distance transportation of coal in the United States is

performed mainly by railroads and water carriers. Motor trucking

is involved in a considerable amount of short-haul carriage of

coal.

Railroad Transportation

The Railroad System. The United States railroad system has

undergone important changes in the 1980's including substantial
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reform of the federal economic regulatory system which has

permitted railroad management to have more freedom in pricing

railroad services, abandoning lines, and intramodal mergers,

among other things." The 1980's also saw the long-term decline

in the railroad share of all intercity freight traffic come to an

end with the railroads holding on to about 36 per cent of the

intercity ton-miles. It was 36.5 per cent in 1987. In fact, total

ton-mile records were set by the railroad industry in 1987 and

1988. The 1988 total was 997 billion ton-miles carried.100

However, the financial condition of the industry remained

somewhat unfavorable. In 1987 the rate of return on investment of

the industry was only 5.6 per cent, with the carriers failing to

earn the 11.6 per cent cost of capital calculated by the

Interstate Commerce Commission (ICC).101

Among other trends in the industry is its rapid

concentration in the hands of a few large carriers. There are

about 500 railroad companies and 181,000 miles of railroad line

in the United States.102 Figure 11 contains a map of the railroad

system. Of the 500 Class I, regional, local, and switching and

terminal railroads in the country in 1987, there were sixteen

Class I railroads, as defined by the ICC. These are railroad

companies that have an annual operating revenue (sales volume) of

$50 million or more in 1978 dollars, or $87.9 million in 1987

dollars. These sixteen large carriers had 82 per cent of the

railroad line mileage, ninety per cent of the railroad

employees, °3 and over ninety per cent of total rail freight

tonnage and revenue.104



-77a-

Figure 11

United States Railroads--Main Lines Between Principal Cities

Source: U.S. Department of Transportation.
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Coal Traffic. One of the earliest forms of long-distance

transportation of energy in the United States was that of coal in

the late 18th century. Coal was in demand for home heating and

industrial use, moving at first by river and canal and coastal

waterways to urban areas from northeastern Pennsylvania. By the

late 1800's, however, almost all coal moved by rail.

Railroads are still the primary mover of coal from the mines

and coal is one of the bright spots in the railroad industry. In

the late 1980's, railroads moved sixty per cent of the coal

tonnage.105 Most coal transport by rail is relatively long haul in

nature between mines and electric generating plants, with some

exceptions.

As a response to the petroleum and national gas energy

crises of the 1970's, coal became more popular as an energy

source, especially in the electric power generating industry.

Electric generating utilities account for about 85 per cent of

the coal consumption and coal produces about 57 per cent of the

electricity generated in the country.106 In 1988, 747 million tons

of coal were used for the generation of electricity, an increase

of 62 million tons over 1986's 685 million tons.107 The amount of

coal used in electricity generation is highly dependent on the

relative prices of coal, natural gas, and oil. In recent years,

coal has been the cheapest per Btu.

Coal is the most important commodity carried by the railroad

industry in terms of the volume of traffic. In 1987, the Class I
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railroads originated 5,430,000 carloads of coal out of 20,602,000

carloads in total, or 26 per cent.108 Coal accounted for 523

million tons or 38 per cent of all tonnage carried. The $6.1

billion in coal Revenue was, however, only 22 per cent of the

total freight revenue for that year,109 indicating that coal

traffic does not produce as much revenue per ton-mile as some

other rail traffic.

The main reason for the growth in rail coal traffic since

1973 has been the increasing consumption of coal by electric

power companies.

Since the energy crises of the 1970's and the environmental

problems associated with high sulfur Illinois Basin coal, there

has been a rapid development of coal resources in the west. The

most desirable form of coal is that which is low in sulfur,

thereby lowering the cost of meeting air quality standards for

coal-fired power plants. This coal is found frequently in

Wyoming, Montana, and North Dakota. Because the coal deposits lie

in thick seams near the surface, low-cost strip mining methods

can be used.

However, these states are far from most electric generating

plants, including those in Minnesota, so that the transportation

cost factor becomes very important and the cost of transportation

often exceeds the value of the coal at the mine. Hence, low-cost

transportation is critical to the use of such coal on a large

scale. Because of the lack of water transportation in the new

coal areas, railroads became the mode to carry the western coal

to market.
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The close relationship between coal and railroads is an

historic one, including the long period when railroads were a

large coal user. Some railroads own coal resources, including the

Burlington Northern organization, which is the largest private

owner of coal reserves in the country.110

About 75 per cent of the coal moved by rail is carried in

"unit" trains which are dedicated trains of 100 or more cars

permanently coupled together that carry only coal from a single

origin point to a single destination point on a continuous basis.

This is normally from a coal mine to an electric power generating

plant, with the train returning to the mine empty. Much of the

low sulfur western coal is carried by unit trains to power plants

in the midwest, south, and east.

Although coal is highly important in terms of total rail

traffic, most railroads are not involved. The concentration in

the railroad industry shows itself clearly in the coal business.

The heavy coal traffic referred to above is carried by only a

small number of railroad companies, with three railroads

accounting for about two-thirds of the coal revenues. These

include CSX Corporation in the east, the country's largest coal

carrier, with 168 million tons carried in 1986, which relies on

coal for one-third of its total operating revenue. The Burlington

Northern (BN) railroad, the second largest coal carrier, also

relies on coal for about one-third of its operating revenue. The

BN carried about 128 million tons of coal in 1986. Its largest



-81-

individual coal customer is Detroit Edison, a utility operating

in Michigan. The BN turns the Detroit Edison coal over to another

carrier at Superior, Wisconsin. The Norfolk Southern Corporation

was the country's third largest coal carrier in 1986.111

Other important coal-carrying railroads are the Union

Pacific, Conrail, Illinois Central, and Denver and Rio Grande

Western railroads.

Contract Rates. Although there is a close working

relationship between coal mines, railroads, and power companies,

there has also been considerable conflict between them over the

level of common carrier rates charged by railroads to carry coal,

largely based on the fact that the coal shipper often has little

choice of carrier. Much of the controversy has involved the BN

and has been a major reason why the BN and other railroads have

entered into long-term contracts with shippers and receivers to

carry coal, the contracts spelling out the rates, quantities,

times of shipments, who provides the equipment, and so on. Some

contracts are as long as 25 years in length covering millions of

tons per year. More than 95 per cent of the coal carried by the

BN is done so under contract.

Contracts also provide railroads with guaranteed traffic

volumes, permitting them to better plan schedules and capital

programs and make more efficient use of personnel. This can allow

them to offer lower rates than otherwise would be possible. 12

Coal contracts also serve to discourage the development of coal
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slurry pipelines (see discussion below) and diversion of coal

traffic to water carriers and to make coal competitive with non-

coal sources of energy.

By entering into contracts with railroads, power companies

and coal mines have the opportunity to negotiate rates and,

thereby, place a check on the cost of transportation. Power

companies can accomplish this also by having the capability of

using oil and/or natural gas to generate electricity, and the

capability of buying electricity from other power companies

instead of or in addition to generating it themselves. In some

rather rare cases, coal mines have trucked coal to a nearby

railroad when dissatisfied with the rates of the local railroad.

All this can serve to keep the rail rate at a reasonable level

even though a railroad is in a monopolistic position on a given

route.

Unfortunately, the contract approach to protection against

high rail rates is not ordinarily available to the small coal

mine or small utility because railroads usually are not

interested in long-term contracts with small customers--there

isn't enough traffic involved for them to reap any economies of

operation. Therefore, the smaller coal customer remains at a

disadvantage when dealing with the single-carrier alternative,

although utilities can switch to other fuels and/or buy

electricity from other power companies when rail coal rates are

considered to be too high.
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Power Transfer

A major defense against high rail rates is power transfer

among utility companies, mentioned above. More than 25 per cent

of the electricity consumed in the country is transferred. This

is an important form of competition to railroads. The

transferring is done over an interconnected power grid of high

transmission lines that carry electricity from power plants. The

purchasing utility reduces its own electricity generation when it

buys for less cost from another utility. The original idea of the

grid was to enable utilities to meet peak demands without having

to build generating capacity that would seldom be used. However,

utilities have found power buying to be an economical way to meet

regular demand. There are some long-term contracts at fixed

prices for this purpose. In addition, transfer serves as a source

of electricity should coal transportation costs get too high. The

introduction of superconductivity (low resistance wires) will

bring about an even greater increase in power transfer because it

will enable electricity to be shipped long distances over the

country without loss of power.113

Pipelines

The pipeline method of carrying coal is accomplished through

slurry pipelines wherein coal is pulverized and mixed with water

at the mine, the ratio being two-thirds coal and one-third water.

The slurry is then pumped through the pipeline to a power plant
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where it is burned to make electricity. A successful 108-mile,

ten-inch diameter coal-carrying pipeline operated in Ohio between

1957 and 1963 and, in 1971, an eighteen-inch line (Black Mesa)

began operating in Arizona and Nevada over a distance of 271

miles, carrying about five million tons of coal per year. In both

cases, the idea was to connect a coal mining area with a power

plant. The objective was to achieve transportation costs that

were less than the prevailing rail charges.

Other coal-carrying pipelines have been planned in the

United States, mainly to carry western coal to eastern and other

markets. They have been opposed by environmentalists because

scarce western water would be used as part of the slurry, and by

railroads because of the probable loss of their best (high

volume) coal traffic. The issue of whether or not the federal

government should grant these proposed pipelines the right of

eminent domain (the right to take land with just compensation)

has not yet been resolved definitely one way or the other,

although the issue has been before Congress for a number of

years.

Therefore, with the exception of the coal slurry pipeline in

the southwest, the coal mines and utilities do not have the

pipeline alternative to rail transportation.

Water Transportation

Some coal shippers have the alternative of using water

transportation by barge on the nation's river and canal system.
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The large capacity of the system noted earlier makes it ideal for

carrying large volumes of coal, while its cost structure can

result in rates that are relatively low (see the discussion of

water transportation above).

In 1986, the 1,200 barge lines that were then in business

carried 123 million tons of coal for domestic use, about fourteen

per cent of United States coal production.114 Barge transportation

is of consequence primarily in the Appalachian and Illinois Basin

coal areas and barges have carried coal to Minnesota from those

places.

The principal reason for using water transportation to carry

coal is the relatively low rates offered, based on the low labor

and energy costs per unit carried and the fact that they do not

pay the full cost of the waterway system they use. A single large

tow of forty 1,500-ton capacity barges can move 60,000 tons of

coal, or the equivalent of six 100-car unit trains (at 100 tons

per car) using a small labor force and relatively little energy

over a way that is largely paid for by someone else.

Motor Trucking

Motor truck transportation of coal is often not practical on

long hauls because railroad and water carriers can do it more

efficiently. Trucks are limited in weight carried by the state

and federal weight limits per vehicle and per axle that apply

(80,000 pounds per vehicle on Interstate highways and many other

roads). Also, they cannot operate multiple vehicles with one
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power unit except to a very limited degree. Therefore, they

cannot generate very much in the way of labor and energy

economies of large shipments that railroads and barge lines can

generate.

Motor truck transportation of coal is found in coal mining

areas where trucks are used to carry coal from mine to railroad

facilities or barge terminals or to nearby power plants. Some

local transportation of coal is done by truck from railroad or

water terminal to coal distributors and users and from

distributors to users.

One source reported that, of the 103.3 million tons of coal

that moved by truck in 1986 (eleven per cent of the domestic coal

consumption), most involved short hauls of twenty miles or less

and were made in conjunction with railroads or barge lines.115

There are other cases where trucking is used by small coal

producers when they are either ignored or discriminated against

by railroads and barge lines and they must find some other way to

get their coal to its destination.

Transportation of Coal in Minnesota

Coal Consumption

Coal consumption in Minnesota in 1986 was 209.8 trillion

Btu's or 11.8 million tons. It accounted for 17.8 per cent of the

state's energy use in that year. Additional coal-firing utility

capacity has been added since 1986 so that the importance of coal

is greater in 1989.
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By far the largest user of coal in Minnesota is the electric

utility industry, which used 87.3 per cent of the coal consumed

in the state in 1986. There were sixty electric utilities and co-

operatives in Minnesota in 1989.116 Residential and commercial

uses accounted for only 1.3 per cent, while the industrial sector

used 11.4 per cent (see Table 5 above). Examples of Minnesota's

industrial use of coal include taconite plants, breweries, paper

mills, sugar refineries, and educational and health care

institutions.

As in the rest of the country, the use of coal to generate

electricity has grown since 1973. The trend in the state since

then is toward less use of natural gas and an increased use of

coal and nuclear power. The use of natural gas has been almost

eliminated except for peak period use. The use of nuclear power

is not likely to increase in the future. There has also been an

increase in the importation of electricity from power plants in

other states and in Canada via the transferring mechanism

referred to earlier.

Sources of Coal Used in Minnesota

Most coal used in Minnesota comes from Wyoming and Montana.

A small amount is brought in from North Dakota and some comes

from the Illinois Basin area.
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Coal Railroads

There are approximately 4,900 miles of railroad line in

Minnesota, a substantial reduction from the 8,000 miles in 1968,

caused by abandonment of line by the carriers.117

The three principal railroads, all Class I, operating in

Minnesota are the Burlington Northern with 23,500 total system

miles in nineteen states and two Canadian provinces and 1,939

miles in Minnesota (see Figure 12); the Chicago and Northwestern

(CNW) with 6,400 miles in its total system in ten states and 563

miles in Minnesota (see Figure 13); and the Soo Line with 5,800

total system miles in the north central part of he country and

1,354 miles in the state. The three railroads named above

accounted for 76 per cent of the total railroad mileage in

Minnesota in 1988.118

The remaining railroads are regional and local carriers

which collectively own 1,235 miles of line. The largest of these

fifteen railroads and their Minnesota mileage are the Dakota,

Minnesota, and Eastern (304 miles), the Duluth, Missabe, and Iron

Range (284 miles), the Otter Tail Valley (175 miles), and the

Duluth, Winnipeg, and Pacific (165 miles).

The BN and CNW are the principal coal carrying railroads in

the state. As noted earlier, the BN is one of the largest coal

carrying railroads in the country with over 123 million tons

carried in 1986. It receives about 33 per cent of its operating

revenue from coal traffic. It is also the owner of a large

quantity of western coal and also of Meridian Oil, Inc., an oil
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Figure 12

Main Lines of the Burlington Northern Railroad

Source: Star and Tribune Newspaper of the Twin Cities
(modified by author).
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Figure 13

Main Lines of the Chicago and Northwestern Railroad

Source: Star Tribune Newspaper of the Twin Cities.

,Major routes of Neb-Nebraska

the Chicago &
North Western .. ,
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and gas producer, the Portal crude oil pipeline, and El Paso

Natural Gas Company pipeline.

BN operates between 145 and 245 "sets of trains" dedicated

to coal hauling, the number of sets in use depending on the

market for coal. Long-term contracts are usually involved and the

equipment is usually owned or leased by the customer. The coal

originates in the Powder River Basin in northeast Wyoming and

southeast Montana. Its competition in hauling Powder River coal

are the CNW and the Union Pacific railroad. The latter does not

serve Minnesota.

The CNW was granted access to the coal basin by an order of

the ICC in the late 1970's which required the BN to sell one-half

interest in part of its coal line there so that CNW could partic-

ipate in the coal traffic. This was eventually done and the CNW

now carries about twenty per cent of the coal shipped from the

area.

The Soo Line also carries coal in Minnesota. However, it

makes local deliveries of only a small part of Minnesota's coal

consumption. The coal is received from either the BN or CNW on an

interchange basis. The Soo Line also receives coal from the other

two railroads for delivery to Wisconsin points.

Water Transportation

As noted earlier, there are 63 river terminals on the

Mississippi, Minnesota, and St. Croix rivers in Minnesota and

about thirty long-haul barge lines serve the state. According to
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the Minnesota Department of Transportation, of the 63 terminals,

twelve active terminals had coal handling capability in 1987.

These were at St. Paul (four terminals), Minneapolis (two),

Winona, Red Wing, South St. Paul, Burnsville, Savage, and

Stillwater. Eleven of these were accessible by railroad

*1 119service.

Coal moves both to and from Minnesota river terminals, with

the tonnage about equal in the two directions. In 1984, receipts

of coal at Minnesota ports amounted to about 1.4 million tons and

shipments were about 1.6 million tons.120 This was much reduced by

1987 when less than 500,000 tons were received at Twin Cities

terminals and about the same amount was shipped from these

terminals, most of the latter was western coal shipped to points

south of Minnesota.121 In 1984, about 85 per cent of the coal

traffic was coal that was transferred between Minnesota

terminals. 122 Much of the local movement at that time represented

western coal brought to the river by rail and then carried by

barge to the NSP Black Dog plant at Burnsville and the Alan S.

King plant at Stillwater which were receiving coal by water. All

NSP plants are now accessible by rail so that no water trans-

portation was being used by NSP in 1988, although the water

handling facilities remain in tact in case they are needed in the

future.

This means that coal movement by water is currently

unimportant to Minnesota, although it remains an alternative mode

if needed. Major reasons for the decline in water transportion of
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coal are, of course, the increase in the use of western coal to

generate electricity and, second, the fact that reform of federal

economic regulation of railroads has enabled them to exercise

greater pricing and service freedom, particularly the use of

long-term contracts, and to become more aggressive and successful

competitors in the coal hauling business to the disadvantage of

barge lines. Not only has this helped western coal to displace

Illinois Basin and Appalachian coal in Minnesota, but in other

midwestern states as well.

A forecast of future coal river traffic in Minnesota made in

1987 was that the amount of both inbound and outbound coal moved

by water would decline sharply by 1990 and increase moderately

after that but would only be about sixty per cent of the 1984

amount in the year 2010. 123 Improved methods of reducing the air

pollution problem caused by Illinois area coal will help to

increase the flow of coal by water to Minnesota in the future.

Coal Distribution

Of the fifty distributors of energy sources in Minnesota

included in the study by mail questionnaire or personal

interview, only two handled coal, reflecting the lack of need for

coal distribution facilities in modern times when non-electric

generation uses of coal are minimal and small-quantity users that

would need a distributor are rare. Figure 14 describes coal

distribution in Minnesota.

One of the distributors was located in a small city and
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Figure 14

DISTRIBUTION AND TRANSPORTATION OF COAL IN MINNESOTA

Coal mine*

Distributors

End users End L sers

*Located in the Appalachian region, the Illinois Basin, or in one
of the western states. Most coal used in Minnesota comes from the
west.

Notes: Brokers can operate between the coal mine and the
distributor and between the coal mine and the end user.

Transportation from the mine can be by rail, water, or private or
for-hire motor truck. It is usually rail transportation.
Transportation from the distributor to the end user is by rail or
private or for-hire motor truck.
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handled several petroleum products as well as coal. Its main

business was agricultural supplies and the coal volume was only

forty tons per year. The coal was purchased from a supplier in

Superior, Wisconsin and delivered by the supplier to the

distributor by for-hire motor truck. The distributor sold the

coal to residential users and some farmers and delivered to these

customers in its own private motor truck. The distributor

indicated that it might stop handling coal in the near future.

The other distributor included in the study was located in a

large city and handled 350,000 tons of western coal and 20,000

tons of Appalachian coal per year. The western coal was shipped

from the mines in odd lot carloads, i.e., not unit trains. The

Appalachian coal was received by barge--about thirteen barge

loads per year. The distributor's customers were small electric

utilities and industrial users along with a few residential and

farm customers. Customers were located in Minnesota, western

Wisconsin, northern Michigan, and eastern North and South Dakota.

In some cases the coal was delivered directly to the

distributor's customers without passing through the distributor's

hands. Minnesota utilities accounted for about one-half of the

distributor's sales volume.

In both cases the distributors were satisfied with the

transportation service received.

Coal Users

A total of twelve industrial users of coal were included in
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the study, or twenty per cent of the 59 energy users studied.

They included one or more electric generating companies, sugar

refineries, taconite companies, paper manufacturers, foundries,

breweries, and educational institutions. The number of employees

ranged from fifty to 9,000 and annual sales volume from $10

million to $100 million or more. All but one of the users studied

also used other energy sources in addition to coal. The annual

coal usage ranged from 133 tons to eight million tons. Eleven of

the users received all or part of their coal by rail Three said

that they used water transportation for part of their coal. One

used its supplier's private trucking exclusively.

Although there were occasional complaints about the level of

transportation costs, the users included in the study were

satisfied with the quality of coal transportation service

received.

An example of a non-power company user in the study is one

that had over 400 employees and $200 million in annual sales. It

used 13,000 tons of coal per year to provide about 65 per cent of

its energy needs. The coal was used to fire a steam boiler. The

coal was purchased under a long-term contract from a distributor

which, in turn, received most of its coal from the west. The user

specified the Btu content per pound required. Delivery was made

by the distributor in its private motor trucks at the rate of two

deliveries per week. The user indicated that coal was being used

because of its low cost per Btu and that the company could easily

convert to natural gas or fuel oil if needed.
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As to electricity generation, there were sixty electric

utilities and cooperatives in Minnesota in 1989. Northern States

Power Company is the largest generator of electricity and largest

coal user in Minnesota. NSP has about 9,000 employees and

operates in several other states besides Minnesota. As noted

earlier, it is an important distributor of natural gas and owns a

small telephone company in North Dakota.

NSP has 21 electric generating plants that use a variety of

fuels, including coal, nuclear energy, oil, natural gas, and

hydroelectric power. Most of its plants are in Minnesota and most

of the electricity generated by NSP comes from its coal-fired and

nuclear plants in Minnesota. The oil and natural gas plants are

used only when demand is high and greater capacity is required.

Coal burning plants in Minnesota are at Becker (Sherco 3),

Minneapolis (Riverside), Burnsville (Black Dog), St. Paul (High

Bridge), Stillwater (Alan S. King), and Granite Falls. Its two

nuclear plants are at Monticello and Prairie Island. It also has

gas turbine power plants at St.Cloud, Eagan, Inver Grove Heights,

Mankato, and Fairbault and dry fuel refuse power plants at Red

Wing and Mankato.

NSP buys about sixteen per cent of the electricity it

distributes. Almost one-half of what it generates itself is

produced by coal-fired plants, 14 per cent is produced by oil-

and gas-fired plants, three per cent is produced by water power,

less than one per cent is from burning refuse, and nineteen per

cent is produced by its two nuclear facilities.124 NSP also sells
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some electricity to small utility companies in Minnesota.

NSP purchased eight million tons of coal in 1988, all of

which was western coal received by rail under long-term

contracts. The traffic was about equally divided between the BN

and the CNW. The Soo Line does some switching of NSP coal cars to

the High Bridge plant in St. Paul. All of NSP's coal-fired plants

can accommodate unit trains. As noted, above, NSP does not

currently receive coal by water although it is equipped to do so

if necessary.125

Other larger electric utilities in Minnesota include

Minnesota Power and Light, located in Duluth, and Otter Tail

Power Company in Fergus Falls.
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Part VII--CONCLUSIONS

Energy Use in Minnesota

Minnesota is an energy-dependent state, having no indigenous

traditional energy sources of its own. It must instead rely on

other states and/or foreign countries for petroleum and its

products, natural gas, and coal.

Minnesota used about 1.177 trillion Btu's of energy in 1986.

Of the total energy used in 1986, 37.7 per cent was petroleum

products, 21.4 per cent was natural gas, 11.8 per cent was coal,

10.2 per cent was nuclear energy, 1.1 per cent was hydro power,

and 11.8 per cent was electricity imported from outside the

state. The first three of these energy sources--petroleum

products, natural gas, and coal--make up about 77 per cent of the

energy used in the state. They (or the material from which they

are processed) must be brought in from elsewhere and they,

therefore, have important transportation requirements which are

discussed in this report.

Petroleum and Petroleum Products

The transportation system that supplies petroleum products

to Minnesota has generally been successful. Petroleum products

have been readily available and the number of alternative sources

of supply of petroleum products in Minnesota is adequate for

distributors and end users. The transportation system has

performed well and the availability of transportation service has
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been good, including pipeline, motor trucking, and water

transportation, although only minimal use is made of the latter.

The one exception to good transportation availability is pipeline

transportation of propane, which is limited to the southern part

of the state. Although a fair number of petroleum distributors in

the study complained about high inbound transportation costs and

about one-half said that outbound transportation costs were too

high, this does not appear to be a serious problem at this time.

Transportation costs appear to be acceptable to most users of

petroleum products.

The problems associated with the transportation of petroleum

and its products in Minnesota are mainly potential problems,

rather than existing problems.

Limited Number of Refineries

A potential problem is associated with the concentration of

oil refining capacity in the hands of a small number of companies

that provide petroleum products to the country. In Minnesota, the

three local refineries plus the Amoco refinery at Mandan, North

Dakota provide eighty to ninety per cent of the petroleum

products used in Minnesota. The three local refineries, at

Superior, Wisconsin and the two in the Twin Cities, provide about

two-thirds of the total and the concentration of supply in their

hands appears to be increasing. The potential danger in this,

obviously, is that a shut down of the transportation network to

or from a refinery would sharply reduce the quantity
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of petroleum products available to the Minnesota market. The

problem would be particularly severe if the Koch refinery, which

is the largest single producer of Minnesota's petroleum products,

were affected. Adjustments could be made, of course, and supplies

from other refineries more distant could probably be brought in

(depending, of course, on what was happening at those refineries

in terms of capacity and their transportation systems) but only

after some inconvenience for end users and considerably higher

costs because of the greater distances involved.

Crude Petroleum Pipelines

The potential problem related to crude petroleum pipelines

serving Minnesota is that there are so few lines available.

Minnesota depends basically on two pipelines, the Lakehead and

Minnesota lines, to provide crude oil from Canada and North

Dakota to its local refineries, and Lakehead is owned by a

foreign company. A breakdown or shut down for other reasons of

one or both would be calamitous if it lasted for any length of

time. Because of the nature of the pipeline investment and its

physical characteristics, replacement pipelines are impossible

over the short run and the state would be forced to obtain crude

petroleum from other sources, probably from the south via the

Wood River and Williams pipelines or via water transportation, in

order to keep its refineries operating. Again, adjustments could
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perhaps be made, but after a great deal of inconvenience and

higher cost to the end user.

Petroleum Products Pipelines

In the case of the petroleum products pipelines serving

Minnesota, the Williams and Amoco pipeline systems generally

serve different parts of the state and, hence, most of the state

is a "one-pipeline" area, and highly vulnerable in case of a shut

down of a pipeline. Significant adjustments would have to be made

to keep the affected areas supplied. In this situation, however,

because of the shorter hauls and lower volumes involved than in

the case of crude oil transportation, it would be possible to

temporarily substitute motor truck service for pipeline

transportation. This would have to be only a short-run solution,

however, because of the extremely high cost that would be

involved. For example, if the twelve-inch and eight-inch Williams

pipelines from Willmar to Alexandria were shut down, it would

require 65 motor truck shipments of 8,000 gallons each per day to

carry an equivalent amount of petroleum products (about 4.5

million barrels per year).

Railroad Transportation

Railroads play a small role in the transportation of

petroleum and its products and have been mentioned in this report

only in connection with propane. A current problem is that the

decline in railroad mileage in the state has meant that propane
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jobbers have had some difficulty in obtaining supplies which

formerly arrived by rail tank car. This is especially true in the

northern part of the state where there are no propane pipelines.

This means that jobbers must go farther to obtain supplies and

the cost to the end user is increased. The trend toward less

availability of railroad service is likely to continue.

Water Transportation

The role of water transportation in the movement of crude

petroleum and petroleum products in Minnesota has been minimal in

recent years. Yet it provides a possible alternative to crude oil

and/or petroleum products pipelines should the need arise.

However, if greater use of water transportation were to be

necessary, the present fleet of tank barges is probably

insufficient to handle a large amount of additional traffic.

Additional barges could be acquired, of course, but after delay

and inconvenience to all concerned. In addition, should greater

reliance be made on water transportation, although the cost of

water transportation is relatively low, the inherent difficulties

of water transportation service would become apparent. These

include slow speed, the need to transload at river ports,

infrequent service, the danger of spillages, limited liability

for loss and damage, less dependability than pipelines, the fact

that service is seasonal as far as Minnesota is concerned, and

the difficulty of access for receivers not located on or near a

waterway.
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Motor Truck Transportation

Sufficient alternatives in motor trucking service to carry

petroleum products are available to most distributors and end

users in the state. However, an important developing problem is

the growth in private motor trucking, particularly on the part of

jobbers, wherein the shipper or receiver seeks lower cost and/or

better control and/or better service. The danger in the growth of

private carriage is that it takes traffic away from for-hire

common carriers which then may find it difficult to survive

economically. From the public point of view, this can result in

insufficient for-hire common carrier service to those shippers

and receivers of petroleum products that cannot afford private

carriage or otherwise find it impractical to use private

carriage, given the character of their need for transportation.

The transportation alternatives are thus reduced for these

shippers and receivers.

Adaptability to Changes in Volume and Origin and Destination

Points

A potential problem has to do with the ability of the

petroleum transportation system to adapt to changes in the volume

of petroleum and its products to be carried and/or changes in

where it is to be carried in the future. Changes in the demand

for petroleum transportation could be occasioned by, among other

reasons, changes in the volume of economic activity within the

state or a major shift in the kinds of energy sources used in
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Minnesota. Changes in the origins of supply of petroleum and/or

its products or destination points could also occur. The latter

could be caused by a shift in the location of economic activity

within the state. Can Minnesota's petroleum transportation system

adjust to such changes?

It is probable that Minnesota's motor trucking capacity can

fairly quickly adjust to increases in the demand for its

services. This is because of the relatively small investment

required to enter the industry as a new carrier or expand

capacity as an existing carrier. It is also not too difficult to

reduce the amount of service offered by disposing of vehicles in

the motor truck market. Motor trucking is also highly flexible as

to where it operates. There are virtually no geographic limits as

to where motor trucking can serve. It is relatively easy to enter

a new area and to withdraw from an area.

In the case of water transportation, as noted earlier, barge

line operators can adjust the number of barges to the need for

their services, although the time lag is normally much greater

than it is for motor trucking. However, barge lines are

inflexible geographically in that they can operate only where

there is a waterway and waterways are fixed location-wise. Con-

sequently, the ability of water transportation to satisfy an

increased demand for petroleum transportation service is limited

to the areas already served, although it would be possible to

serve additional areas via long-distance connections with other

modes but this would be at very high cost.
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The mode of transportation that is crucial to long-distance

movement of crude petroleum and its products is pipeline.

Unfortunately, pipelines are the least flexible of the modes

discussed here. Projects of any size require a very large capital

investment and take a long time to construct. And, once

constructed, they are fixed geographically. They cannot adapt

quickly to changes that require pipelines in new areas. Nor can

they easily adapt to important increases or decreases in traffic

volume. As to increases in traffic volume, because pipelines, in

order to be successful economically, must operate generally at

close to capacity, they are designed and built with that

objective in mind. Therefore, they usually have little, if any,

excess capacity and thus are not able to handle sudden large

increases in volume. At the same time, sudden decreases in volume

carried cannot be adjusted for in terms of capacity available and

the pipeline suffers from the high cost per unit carried when

operating at less than full capacity. Thus, a sudden increase in

traffic volume or an important reduction of traffic in an old

area or a need for new pipeline service in a new area cannot

usually be adapted to in the short run.

State Policy in the Future

How can the state government act to deal with the current

and potential problems associated with the transportation of

petroleum and its products discussed above?

Concentration of Supply. The concentration of oil refining
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capacity in the hands of a few is a nationwide issue and not a

state-controlled issue. However, a state can attempt to

discourage further concentration via legal or other appropriate

action. A difficulty is that the economics of oil refining are

such that a relatively small number of large refineries may be

more efficient than a large number of smaller refineries and, to

the extent that end users benefit from the efficiencies, the

public is better off under such a system of production, although

it is vulnerable to transportation breakdowns or other events

that could shut down a refinery. The state can, however, become

informed as to what alternative refineries could be drawn upon

should one or more of the local refineries suffer a

transportation collapse or other reason for a shut down. The

transportation network from those alternative refineries should

be a part of the information gathered in order to be prepared for

breakdowns in those networks.

Petroleum Pipelines. The problem of the small number of

crude petroleum and products pipelines serving Minnesota is also

created by circumstances beyond the control of a state

government. The economics of the situation mean that it is

impractical from a cost standpoint to have a larger number of

competing smaller-diameter lines serving the state. The state can

encourage the construction of additional pipelines via tax or

other financial incentives, right-of-way acquisition assistance,

and so on, but its impact would probably be minor if the

investors do not foresee the need for additional pipeline
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capacity. There are also limits on what a state can do in an

industry that is for the most part interstate in nature and

outside state jurisdiction.

Railroad Transportation. The state has already tried to

discourage railroad abandonments but its efforts have been

thwarted by the fact that the federal Interstate Commerce

Commission has the final authority on the subject and has taken a

position of being pro-abandonment over the past ten years or so.

The state can, however, as it already does, try to assist in the

rehabilitation and/or purchase of railroad lines in order to

avoid the abandonment of lines that are considered worth saving.

However, such efforts tend to be in the heavy grain growing

southern part of the state and not in the northern part where the

propane pipeline absence is felt the most.

Water Transportation. The preservation and development of a

viable petroleum carrying capacity by water should be encouraged

by the state by assisting in port development, encouragement of

investment in tank barges, and general cooperation with the

United States Army Corps of Engineers in its program to further

develop the river system. The waterway system is, however,

essentially a federal responsibility and not under the

jurisdiction of the states.

Motor Trucking. It is in motor trucking that the state can

have the most influence on petroleum transportation by way of

highway improvement, rules regarding weight limits, user taxes

levied against motor truck operators, and safety and economic
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regulation. This is the mode, however, where the fewest current

and potential petroleum transportation problems exist. In any

event, since most petroleum products eventually are carried by

motor truck, the state should do what it can to insure that an

adequate system of truck transportation is maintained.

Historically, the state has done well in this area and Minnesota

has a good motor truck transportation network.

The petroleum transportation problem noted earlier is the

rise of private motor trucking and the possible decrease in

availability of for-hire common carriage to those who need it. In

this regard the TRB can use its entry control and rate regulation

powers over for-hire petroleum carriers to encourage continuance

and growth of common carriers and discourage the growth of

private motor trucking, should it choose to do so.

Preparation for Problems. Thus, state government is limited

as to what it can do to deal with current and potential petroleum

transportation problems. The state's primary role should be,

therefore, to prepare for petroleum transportation emergencies by

recognizing the problems the different carriers have in adjusting

to changes in the volumes to be carried and in origin and

destination points and, in particular, the inflexibility of

pipelines, and becoming aware of alternative sources of petroleum

and its products and alternative petroleum transportation systems

that could be used so that as little time is lost as possible in

adjusting to the new pattern, whether it be temporary or

permanent.12 It would be possible, for example, to develop a
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simulation model that would include the necessary information as

to present and alternative sources of petroleum and its products

and the transportation networks involved. Should a transportation

breakdown occur, the model could be used to determine which

alternative pattern should be established, based on cost or other

objectives. The state should also consider adopting a plan to

deal with energy transportation emergencies.

Natural Gas

Minnesota relies heavily on natural gas, especially for

residential and commercial use. The climate makes a dependable

supply of natural gas of special importance. The natural gas

transportation system serving Minnesota has performed well in the

past. It is a much less complicated transportation system when

compared with that for crude petroleum and its products. Yet,

some of the same potential problems exist.

Negative Factors

The fact that Minnesota has no natural gas resources of its

own and that natural gas can be practically transported only by

pipeline means that Minnesota is highly vulnerable should there

be a breakdown in the natural gas pipeline system. There are only

four transmission lines serving Minnesota and one of the these

(NNG) delivers ninety per cent of the natural gas consumed in the

state. A breakdown of one or more of these lines, especially the

dominant NNG line, could be a serious problem for the state,
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particularly during winter months, if it lasted for any length of

time. Because of the nature of pipeline investment and its

physical characteristics, discussed earlier, it would be

difficult to add replacement lines in the short run and other

energy sources would have to be used instead of gas.

Vulnerability also arises from the fact that only a small

number of natural gas utility companies distribute most of the

gas in the state, roughly equivalent to the small number of oil

refiners that supply Minnesota with most of its petroleum

products. A difference is, of course, that the gas utilities are

regulated by the state as to price and service. However, the

small number means that the state could be harmed significantly

if one or more of the dominant utilities and/or their

distribution pipeline networks were disrupted.

Of the energy sources discussed in this report, the least

flexible transportation system is that for natural gas. This is

because it is entirely a pipeline system and suffers from the

inflexibility of pipelines discussed earlier. It is difficult for

the system to adjust to important changes in the volume of

natural gas to be carried and to changes in origin and

destination points. Delays in adjustments of months or years

could occur unless other existing natural gas pipelines could be

used (or oil pipelines could be converted to natural gas) as

substitutes for one that is shut down. Otherwise, there would be

a reduction in the amount of gas delivered because the product

cannot be transported by other modes.
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Positive Factors

However, there have been some positive developments in terms

of customer choice and overall competition in the natural gas

industry. The open transportation policy of the FERC has

permitted users of natural gas to have more options in making

natural gas purchases and more control over the cost of

transportation. On the other hand, the open transportation policy

has not required that all gas pipelines become open access

carriers nor does it require that open access gas pipelines

operate as common carriers with full common carrier obligations

to serve the public and common carrier liability for what they

carry.

Another positive factor is that Canadian gas will probably

be more available in the future because of the recent United

States-Canada trade agreement and thereby give gas users in

Minnesota a source of gas that has not been available in the

past. At the same time, however, should Minnesota become heavily

reliant on Canadian gas, it would increase the state's

vulnerability should political or other factors cause Canada to

reduce or shut off the supply in the future.

Despite the lack of sufficient competition in the natural

gas industry and its transportation that has existed thus far,

transportation service was considered to be good or excellent by

the users included in the study.
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State Policy in the Future

Pipeline Competition. The state should consider taking a

strong position of advocacy of expanding the FERC's open access

transportation concept as noted above and also to encourage the

building of more transmission gas pipelines to the state.

Preparation for Problems. Because the state is limited as to

what it can do to prevent natural gas transportation problems,

its primary role should be to prepare for natural gas

transportation emergencies by recognizing the inflexibility of

the natural gas pipeline system in adapting to changes in volumes

to be carried and in origin and destination points, and being

aware of alternative sources of natural gas for the state and

alternative transportation systems so that as little time as

possible is lost in adjusting to a new pattern, whether it be

temporary or permanent. A simulation model could be of use in

this regard, as indicated in our discussion of petroleum and its

products. The state should also consider adopting a plan to deal

with energy transportation emergencies.

Coal

Railroad Transportation

The transportation system for coal in Minnesota works

efficiently and distributors and end users are generally

satisfied with the service received. However, because of the

heavy reliance on coal to generate electricity in the state and

because most coal is carried into the state by only two
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railroads, the question of vulnerability in case of unfair

treatment of rail customers or a system breakdown arises.

The Captive Shipper Problem. The minimal railroad

alternatives available in coal transportation is typical of many

parts of the railroad freight market in the country as the number

of carriers declines. The problem of the "captive shipper" has

received considerable attention in recent years. The captive

shipper is one that ships a commodity that is highly suitable for

rail transportation and has only the service of a single railroad

available to it. Because the federal regulatory system does not

actively regulate most rail rates, the captive shipper is said to

be at the mercy of the single railroad in terms of the rates

paid. This was the source of the complaints about coal rates

mentioned previously. Coal shippers and receivers are often

"captive" because, not only is there is only one railroad, there

is often no water transportation available, coal cannot

effectively be carried long distances by motor truck, and there

is usually no pipeline alternative.

Large shippers and receivers of coal may be able to get

around the captive problem by entering into long-term contracts

with railroads in which the rates charged are negotiated and,

presumably, are at least partly in the interest of the rail

customer. However, the shipper or receiver bargaining power is

weak if that railroad is the only carrier that can be used. And

small shippers and receivers do not often have the option of the

long-term contract because their traffic volume is not large
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enough to give the railroad the economies it seeks in a contract

situation. Hence they must deal with the railroad as a common

carrier and can be required to pay rates that are higher than

what they would pay in a more competitive situation.

However, the problems mentioned above do not seem to have

occurred thus far for coal distributors and users in Minnesota.

One reason may be that there is competition between the BN and

the CNW to carry coal from the west, the source of almost all the

coal used in Minnesota. Second, large users can enter into

contracts as noted above. Third, the use of coal to generate

electricity or for other purposes is often interchangeable with

other energy sources, including natural gas and oil, and the

threat of conversion to one of the other energy sources must

always be in the minds of the railroad managers. The fact is that

coal is at a disadvantage compared with natural gas and oil,

particularly the former, when carbon dioxide, nitrous oxide, and

sulfuric oxide emissions are measured. Fourth, the customer's

alternative of using Illinois Basin coal and transporting it to

Minnesota by barge must also be considered by railroad managers.

Finally, in the electric power industry, the ability to easily

transfer electricity from one utility to another via the high

power transmission line grid that exists, means that a utility

can purchase electricity rather than generate it itself should

coal transportation costs become too high.

The Railroad Shut Down Problem. A physical breakdown or

other cause of a shut down of one or both of the two railroads
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that bring western coal to Minnesota would be especially serious

for the state. A shut down of one or more railroads could be

caused by mechanical failure, human error, natural catastrophe,

labor disputes, sabotage, and so on, and the shut down could be

long or short term. As is the case with pipelines, extensive

replacement of railroad lines is usually impossible in the short

run and motor truck transportation of coal over the long haul

would probably be impractical.

The alternatives that could be used should there be a shut

down of one or both of Minnesota's coal hauling railroads would

be the other railroad if only one stopped operating, routing

circuitously to Minnesota via railroads other than the two

currently-serving railroads if they both shut down, customer

conversions to natural gas or oil where possible, bringing coal

in by barge from the Illinois area, and the purchase of

electricity from other utilities elsewhere by electric utilities

if they could not get coal to generate electricity themselves.

Thus, although there is a vulnerability problem and it would

be a better situation if there were more railroads available to

bring western coal to Minnesota, the situation is tempered by the

fact that there are some reasonable alternatives, as indicated

above.

Water Transportation

Water transportation has played a minor role in bringing

coal to Minnesota in recent years. However, it provides an
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alternative to railroads if needed and a number of Minnesota

river terminals are equipped to handle coal. The inherent

disadvantages of water transportation would be encountered if it

were to be used extensively. In addition, the sulfur content and

other characteristics of midwest and Appalachian coal are

different from those of western coal.

Motor Truck Transportation

The motor truck transportation system for carrying coal over

short hauls in Minnesota has been satisfactory for the limited

amount of need in the state, with sufficient alternatives for

shippers and receivers and adequate service. As to long-haul

transportation, for economic reasons, motor truck transportation

is not a practical alternative to rail or water transportation of

coal.

Adaptability to Change in Volume and Origin and Destination

Points

Changes in the volume of coal moved to Minnesota could occur

for various reasons with the change resulting in more or less

coal moved to the state. For example, more severe governmental

restrictions on the emissions from coal-fired power plants could

decrease the quantity of coal consumed in the state. On the other

hand, a sharp rise in the cost of natural gas could increase the

amount of coal used in Minnesota. The geographic source of the

coal used in the state could also change for various reasons.
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For example, improved methods of screening out pollutants could

increase the use of Illinois Basin coal at the expense of western

coal.

In the case of railroads, the carriers generally have the

ability to carry more traffic than they now carry by adding more

trains to already existing roadbed and track systems, within

limits. They can, of course, also carry less traffic if

necessary. However, railroads are relatively inflexible in

adjusting to new origin and destination points because of the

geographically fixed nature of railroad facilities. Although new

facilities can be added, the large amount of capital required and

the time required for construction of new facilities make

railroad adjustments to geographic changes in the need for

service difficult in the short run. The problem this would create

would, of course, depend on the situation, i.e., the extent of

the adjustment required to serve new coal fields or new

customers.

Barge line operators could adjust to changes in the need for

water transportation of coal in terms of the number of barges

available to the shipper and receiver of coal, with some time

lag. However, water transportation is fixed geographically and

cannot be expected to serve areas not already being served.

In the case of motor trucking, there would be no problem in

Minnesota in adjusting to whatever change occurred in the need

for short-haul trucking of coal in the state. The economic

characteristics of the motor trucking industry are such that such

adjustment could be made.
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State Policy in the Future

Railroad Transportation. The state of Minnesota should adopt

a policy of encouraging the development of railroad service

alternatives in the transportation of coal from the west and

other coal areas and should work to keep railroad coal rates at a

reasonable level, while discouraging further reduction in the

number of railroad alternatives available to shippers and

receivers of coal. This involves state regulatory policy to some

degree but, to a greater degree, it involves trying to influence

federal regulatory policy regarding rates, new construction,

abandonments, and mergers in the railroad industry. Where

appropriate, the state should continue its efforts to assist the

rehabilitation and/or purchase of railroad lines in order to

avoid abandonment.

Coal Slurry Pipelines. The state should also take a position

on the granting of federal eminent domain rights to coal slurry

pipelines. The arguments for and against the granting of eminent

domain are beyond the scope of this report. However, the main

advantage to Minnesota of the further development of coal slurry

pipelines could be lower coal transportation rates by providing a

more competitive coal transportation market. An obvious possible

disadvantage could be a serious negative effect on major coal

railroads possibly resulting in federal and/or state programs to

provide them with financial aid.
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Water Transportation. Although water transportation is not

currently of much importance in moving coal to Minnesota, it

remains an alternative to rail service if needed and this

alternative should be preserved. As is the case with petroleum

and its products, the state of Minnesota should have a policy of

encouraging the preservation and development of a viable coal

carrying capacity by water by assisting in port development,

encouraging investment in coal barges, and general cooperation

with the United States Army Corps of Engineers in its program to

further develop the river system where such programs are deemed

to be economically sound.

Motor Truck Transportation. The comments made earlier in

this section of the report regarding state policy relative to

motor truck transportation of petroleum products apply to the

transportation of coal as well. Although motor truck

transportation of coal in Minnesota is limited to small and

short-haul shipments from railroad or water terminal to coal

distributors and users and from distributors to users, the state

should do what it can to insure that an adequate system of motor

truck transportation is maintained.

Preparation for Problems. As with petroleum and natural gas,

the state is limited as to what it can do to prevent potential

energy transportation problems from occurring. The state's

principal role should be to prepare for coal transportation

emergencies by recognizing the problems the carriers have in

adapting to changes in volumes to be carried and in origin and
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destination points, and being aware of alternative sources of

coal and alternative coal transportation systems so that an

adjustment to a new pattern can be made as quickly as possible.

This could include use of a simulation model, as suggested

earlier. The state should also consider adopting a plan to deal

with energy transportation emergencies.

Suggestions for Further Research

Additional areas of research related to the transportation

of energy sources in Minnesota that might be considered by the

state of Minnesota or others include the following.

(1) The development of non-traditional sources of energy

should be continued where it shows some signs of economic

success. These include solar, wind, wood, hydro, municipal and

industrial waste, and biomass (crops for heat energy and crops

for liquid fuels (ethanol and methanol)). They do not currently

contribute much to the state's energy supply. Development of non-

traditional sources of energy has the obvious advantage of

possibly providing a lower cost alternative or, at least,

competition with traditional energy sources.127 However, along

with the development of their use, the transportation issues

related to these new energy sources should be studied. It is

important to keep in mind that the economic viability of a new

source of energy can largely depend on its transportability.

(2) The concentration of long-haul transportation of energy

in the hands of a few carriers (crude oil and petroleum products
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pipelines, natural gas pipelines, and coal railroads) should be

studied further with the objective of determining its impact on

the prices paid for energy by Minnesota consumers.

(3) As the environmental issues associated with energy use

become of greater interest, the impact of more stringent federal

and/or state regulation of emissions of power plants and oil

refineries on the use of different kinds of energy sources and,

therefore, on the transportation needed, should be studied before

such regulations become effective.

(4) For purposes of a more effective state response to

crises in the transportation of energy, research intended to

develop a simulation model for the transportation of energy

sources used in Minnesota should be undertaken. The model could

enable the state to determine in advance what kinds of energy

sources, origin points, and methods of transportation could be

used if there should be a shut down of any part of the state's

energy transportation system or a shut down of any geographic

source of energy, such as Canadian natural gas or Powder River

coal. The model could be used as part of a state plan to deal

with energy transportation emergencies. A model of this kind

could also be used to determine the most efficient transportation

pattern for energy whether or not a crisis exists.
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FOOTNOTES

1) "Energy source" means coal, natural gas, and the various
products of crude petroleum, such as gasoline, fuel oil, and
aviation jet fuel.

2) Refined petroleum products are obtained from the processing of
crude petroleum and include gasoline, aviation gasoline, jet
fuel, kerosene, distillate fuel oil (including heating oil and
diesel fuel), residual fuel oil (including heating fuel),
asphalt, road oil, and others.

3) (Omaha: American Directory Publishing Company), 1987-1988
edition.

4) Btu=British Thermal Unit. It is the amount of energy needed to
raise the temperature of water one degree F. at or near 39.2
degrees F. It is a common measure of energy production and
consumption and the energy value of various energy sources.

5) For the most part, data for 1986 is used in this report in
order to be consistent with the latest data available for
Minnesota, which is usually for the year 1986.

6) American Petroleum Institute, Basic Petroleum Data Book,
Volume III, Number 1 (Washington, D.C.: American Petroleum
Institute, January, 1988), Section I, Table 60.

7) Calculated from data in Ibid., Section I, Table 8a.

8) Calculated from data in Ibid., Section I, Table 6a.

9) Calculated from data in U.S. Department of Transportation,
National Transportation Statistics, Annual Report (Washington,
D.C.: U.S. Department of Transportation, August, 1987), Table 65,
p. 148.

10) Calculated from data in American Petroleum Institute, op.
cit., Section I, Tables 9a, 10a, lla, and 12a.

11) Calculated from data in U.S. Department of Transportation,
op. cit., Table 30, p. 101.

12) Calculated from data in Energy Division, Minnesota Department
of Public Service, Minnesota Energy Data Book (St. Paul: Energy
Division, Minnesota Department of Public Service, January, 1988),
Table 2, p. 15.
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13) Energy Division, Minnesota Department of Public Service,
Energy: Minnesota's Options for the 1990's (St. Paul: Energy
Division, Minnesota Department of Public Service, December,
1988), pp. 46 and 53.

14) Energy Division, Minnesota Department of Public Service,
Minnesota Energy Data Book, op. cit., p. 4.

15) Calculated from data in Ibid., Tables 5, 7, 9, 20, 22, and
26, pp. 18, 20, 22, 33, 35, and 39.

16) Transportation Policy Associates, Transportation in America,
sixth edition (Washington, D.C.: Transportation Policy
Associates, March, 1988) p. 16.

17) Ibid., p. 6.

18) Pipeline, November 15, 1988, p. 39.

19) Oil and Gas Journal, November 28, 1988, p. 47.

20) "Barge Lines See Some Recovery Despite Idle Fleet, New
Taxes," Traffic World, July 27, 1987, p. 15.

21) "Improved Coal and Grain Brighten Barge Prospects," Traffic
World, November 28, 1988, p. 36.

22) Transportation Policy Associates, op. cit., p. 6.

23 Minnesota Commission on Pipeline Safety, Findings and
Recommendations, (St. Paul: Minnesota Department of Energy and
Economic Development, December, 1986), p. 33.

24. Lakehead Pipeline Company. Information concerning some of the
physical features of Minnesota's oil pipelines can be found in
Division of Water Quality, Minnesota Pollution Control Agency,
Hazardous Liquid Pipeline Failures Reported to the Minnesota
Pollution Control Agency (St. Paul: Minnesota Pollution Control
Agency, April 20, 1987).

25. Portal Pipeline Company.

26. Minnesota Pipeline Company.

27. Division of Water Quality, Minnesota Pollution Control
Agency, op. cit., p. 6.

28. Koch Pipelines, Inc. consisted of 923 miles of crude oil
gathering lines, 1,134 miles of crude oil trunk lines, and 1,505
miles of products lines in 1987. Oil and Gas Journal, November
28, 1988, p. 58.
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29) Wood River Pipeline Company.

30) Minnesota State Planning Agency, Minnesota Petroleum
Marketing Practices Study (St. Paul: Minnesota State Planning
Agency, February, 1986), p. 47.

31) Ibid., p. 52.

32) Ports and Waterways Section, Minnesota Department of
Transportation, Minnesota's River Terminals (St. Paul: Minnesota
Department of Transportation, Fall, 1987).

33) These were Capital Barge Services, Inc., Dakota Barge
Services, Inc., and Viking Marine in St. Paul; Minnesota Harbor
Service Company and Aiple Towing Company in Stillwater; R and R
Services, Inc. and Winona Fleeting Company in Winona; Upper River
Services, Inc. in South St. Paul; and Red Wing River Towing, Inc.
in Red Wing. Ibid., p. 64.

34) Temple, Barker, and Sloane, Inc., The Economic Impact of
Commercial Navigation on the Twin Cities Region (St. Paul:
Metropolitan Council of the Twin Cities Area,, December, 1987),
Exhibit III-5, p. III-9.

35) Ibid., Exhibit III-5, p. III-9.

36) Continental Oil Company operated a small refinery in
Wrenshall, Minnesota near Duluth until the early 1980's when it
was closed because of Canadian restrictions on exports of crude
oil to the United States that were in effect at that time. Such
restrictions have since been rescinded.

37) Koch Refinery.

38) At the time of this writing, the permit to expand issued by
the Minnesota Pollution Control Agency was being challenged by
the federal Environmental Protection Agency on the ground that
the expanded plant would emit unacceptable levels of sulfur
dioxide and other pollutants.

39) Energy Information Administration, U.S. Department of Energy
Petroleum Supply Annual 1987, Volume I (Washington, D.C.: U.S.
Government Printing Office, 1980), pp. 82 and 97.

40) A good deal of information about the oil industry and its
distribution system can be found in Minnesota State Planning
Agency, op. cit.

41) Cenex/ Land O'Lakes.

42) Energy Information Administration, U.S. Department of Energy,
op. cit., p. 86.
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43) Amoco Oil Company.

44) The Williams line is reversible, i.e., it can be used to send
petroleum products to the south as well as from the south to
Minnesota.

45) In 1984, the companies that operated these refineries (some
operated more than one) included the following: Darby Refining,
Farmland Industries, National Cooperative Refinery Association,
Pester Refining, and Texaco, all in Kansas, and Conoco, Kerr-
McGee, Sinclair Oil, and Sun Oil in Oklahoma. Energy Information
Administration, U.S. Department of Energy, Petroleum Supply
Annual, 1984, pp. 90 and 94.

46) Minnesota State Planning Agency, op. cit., pp. 72-73 and 75.

47) Ibid., p. 70.

48) Minnesota Commission on Pipeline Safety, op. cit., p. 33.
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