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DISPERSED, DECENTRALIZED AND RENEWABLE
ENERGY SOURCES:
ALTERNATIVES TO NATIONAL VULERABILITY AND WAR

Executive Summary

The Problem

U.S. reliance on imported fuel and centralized systems for energy production
present problems for national security and emergency preparedness in the event of a
major nuclear crisis or war. Energy supply and demand planning should be linked to
civil defense planning in order to decrease vulnerability and maximize survival and
recovery capabilities. The development of alternative energy systems such as
cogeneration, wind, biomass, solar, small hydro, and the like can reduce U.S.
dependence on imported fuels and strategic materials and thus vulnerability to
disruptions in those supplies. Renewable and dispersed energy systems for fuel and
electricity offer the best potential for survival and recovery if implemented at the
local level.

To explore the ramifications of this situation, the Federal Emergency
Management Agency has funded the present study to examine the use of
unconventional energy sources and alternative approaches to vulnerable centralized
energy supply systems,

Objectives
The objectives of this study were as follows:

1. To investigate, review and categorize alternative approaches to
centralized energy supplies which are wulnerable and could be
considerably affected by enemy attack.

2, To survey a number of alternative, renewable energy systems and to
provide a treatment of the technical, applied, developmental, and cost
factors related to these energy technologies and their potential for
localized energy self-sufficiency.

3. To examine the use of present centralized energy technologies and to
investigate the possibilities of simplification in design and operation in
order to permit independent local operation,

4. To investigate strategies for sufficiency, storage, communications and

planning for community survival and recovery based on renewable energy
resources.

(DETACHABLE)
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Procedure

The procedures followed were:

Background information on centralized energy systems, national
vulnerability due to dependence on imported fuels and centralized energy
production, and the relationships between energy planning and existing
civil defense programs was extensively researched, characterized and
reported.

Alternative energy resources and systems, including conservation, load
management and energy storage, cogeneration, fuel cells, small
hydroelectric power, solar/heating, solar/thermal electric, solar
photovoltaic, biomass conversion, geothermal, wind, and wave energy
were identified and ranked in terms of their technological characteristics,
developmental factors, their strategic capabilities (to reduce
vulnerability), local and regional availability, current and projected costs,
and overall flexibility to meet current and potential post-attack energy
demands.

Matrices for evaluation of these technologies by local and emergency
planners were provided, with qualitative criteria for their development.

Strategies for energy sufficiency and planning for community survival and
recovery were provided which outline the concept of the "Defense Energy
Districts" (DEDs).

Specific recommendations for the use of localized energy approaches for
emergency response and recovery based on Project findings were provided.

Major Findings

The major findings of the report are:

Current U.S. energy systems (fuels and electricity) are highly vulnerable,
due to requirements for imported resources and due to the centralized
nature of the systems themselves.

Dispersed, decentralized and renewable energy sources can reduce
national vulnerability and the likelihood of war by substituting for
vulnerable centralized resources.

National policies and goals need to be developed to strengthen current
inadequate energy emergency contingency planning and incorporate
decentralized and renewable energy supplies into those plans.

Local policies and goals need to be developed to implement the range of
programs described in the concept of the Defense Energy District.

(DETACHABLE) -




National energy self-sufficiency programs (including synfuel development
and Strategic Petroleum Reserve) are highly centralized, thus highly
vulnerable. A better strategic opportunity is the development of
dispersed local and regional approaches.

Current funding levels (both private and public) for decentralize¢ and
renewable energy are inadequate. National priorities should reflect the
strategic value and importance of the decentralist/renewable energy
opportunity.
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DISPERSED, DECENTRALIZED AND RENEWABLE
ENERGY SOURCES:
ALTERNATIVES TO NATIONAL VULERABILITY AND WAR

Executive Summary

The Problem

U.S. reliance on imported fuel and centralized systems for energy production
present problems for national security and emergency preparedness in the event of a
major nuclear crisis or war. Energy supply and demand planning should be linked to
civil defense planning in order to decrease vulnerability and maximize survival and
recovery capabilities. The development of alternative energy systems such as
cogeneration, wind, biomass, solar, small hydro, and the like can reduce U.S.
dependence on imported fuels and strategic materials and thus vulnerability to
disruptions in those supplies. Renewable and dispersed energy systems for fuel and
electricity offer the best potential for survival and recovery if implemented at the
local level.

To explore the ramifications of this situation, the Federal Emergency
Management Agency has funded the present study to examine the use of
unconventional energy sources and alternative approaches to vulnerable centralized
energy supply systems.

Objectives
The objectives of this study were as follows:

1. To investigate, review and categorize alternative approaches to
centralized energy supplies which are vulnerable and could be
considerably affected by enemy attack.

2, To survey a number of alternative, renewable energy systems and to
provide a treatment of the technical, applied, developmental, and cost
factors related to these energy technologies and their potential for
localized energy self-sufficiency.

3. To examine the use of present centralized energy technologies and to
investigate the possibilities of simplification in design and operation in
order to permit independent local operation,

4.  To investigate strategies for sufticiency, storage, communications and

planning for community survival and recovery based on renewable energy
resources.
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Procedure

The procedures followed were:

l.

5.

Background information on centralized energy systems, national
vulnerability due to dependence on imported fuels and centralized energy
production, and the relationships between energy planning and existing
civil defense programs was extensively researched, characterized and
reported.

Alternative energy resources and systems, including conservation, load
management and energy storage, cogeneration, fuel cells, small
hydroelectric power, solar/heating, solar/thermal electric, solar
photovoltaic, biomass conversion, geothermal, wind, and wave energy
were identified and ranked in terms of their technological characteristics,
developmental factors, their strategic capabilities (to reduce
vulnerability), local and regional availability, current and projected costs,
and overall flexibility to meet current and potential post-attack energy
demands.

Matrices for evaluation of these technologies by local and emergency
planners were provided, with qualitative criteria for their development.

Strategies for energy sufficiency and planning for community survival and
recovery were provided which outline the concept of the "Defense Energy
Districts" (DEDs).

Specific recommendations for the use of localized energy approaches for
emergency response and recovery based on Project findings were provided.

Major Findings

The major findings of the report are:

1'

3.

Current U.S. energy systems (fuels and electricity) are highly vulnerable,
due to requirements for imported resources and due to the centralized
nature of the systems themselves.

Dispersed, decentralized and renewable energy sources can reduce
national vulnerability and the likelihood of war by substituting for
vulnerable centralized resources.

National policies and goals need to be developed to strengthen current
inadequate energy emergency contingency planning and incorporate
decentralized and renewable energy supplies into those plans.

Local policies and goals need to be developed to implement the range of
programs described in the concept of the Defense Energy District.
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National energy self-sufficiency programs (including synfuel development
and Strategic Petroleum Reserve) are highly centralized, thus highly
vuinerable. A better strategic opportunity is the development of
dispersed local and regional approaches.

Current funding levels (both private and public) for decentralized and
renewable energy are inadequate. National priorities should reflect the
strategic value and importance of the decentralist/renewable energy
opportunity.
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FOREWORD

Section 1, Energy and Vulnerability and Section 2, Energy: Existing Systems
and Trends characterize the nation's energy vulnerability in terms of our dependence
on imported energy supplies and strategic materials and in terms of the centralized
nature of U.S. energy systems, The effects of supply disruptions and hostile actions,
ranging from terrorist attacks and sabotage, to a nuclear crisis or war can be
prevented or mitigated by strategies which promote energy supply independence by
developing domestic, renewable resources, and by emphasizing smaller, dispersed
and community-based energy production and distribution systems.

Section 3, Dispersed and Renewable Energy Systems provides a detailed
technical treatment of a number of alternative energy technologies which can
contribute to national energy security by shifting responsibility to the regional and
community level for development and utilization of domestic energy resources. The
alternatives range from conventionally fueled cogeneration projects to construction
of facilities fueled by renewable resources such as solar, wind, biomass, etc.

The instability inherent in foreign-import dependence and system centralization
can be considered a precursor to conflict and war. In the long run, full-scale
development of dispersed and renewable energy systems to achieve local and
regional self-sufficiency can contribute to a stronger, more secure national economy.

Section 4, Dispersed Energy Sources and Community Survival outlines specific
strategies for combining civil defense planning with energy resource development
for community self-sufficiency and survival.
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SECTION |

ENERGY AND VULNERABILITY




ENERGY AND VULNERABILITY (1.0)

Introduction and Overview (l.1)

The fact that the United States depends on imported petroleum to meet almost
half of its demand has become widely recognized. The numerous economical,
political, social, and environmental repercussions that could result from this
dependence, however, are not yet fully realized. As Joseph Nye says, "Oil is the
heart ofl the energy security problem and will remain so for at least the next
decade."

Because the energy sector is vital to the industrial, agricultural,
communications, and other sectors of a society, a failure in the ability to produce
and distribute energy throughout the United States would leave the country unable
to support or defend itself. In short, the present energy situation makes the United
States vulnerable. Our national security is at risk.

Vulnerability refers to the degree to which an energy supply
and distribution system is unable to meet end-use demand as a
result of an unanticipated event which disables components of
the system. The kinds of events referred to are sudden shocks,
rare, and of large magnitude,

There are two major forms of vulnerability against which the United States
must protect itself. The first is the insecure availability of imported energy
supplies and strategic materials necessary for adequate levels of defense, economic
growth, and stability,

The second form of vulnerability is the centralized nature of the American
energy system. Because energy is vital for maintaining the U.S. economy, an
adversary would enjoy a strong strategic advantage by crippling that energy system.
Centralized energy facilities add to the degree of vulnerability of the U.S. energy
systems because, as enemy targets, they are larger and there are fewer of them,

A strategy of targeting centralized energy facilities, for example was
successfully used against Germany during World War II. Today, the existence of
centralized energy facilities is recognized as a primary source of national
vulnerability. Studies have demonstrated the likelihood of targeting refineries in
the advent of modern war, and various other facilities including nuclear power
plants.

One strategic solution that would decrease vulnerability is the implementation
of dispersed and renewable energy sources. Increased use of dispersed energy
sources and a transition to renewable sources in the industrial, agricultural,
commercial and residential sectors would ultimately result in independence from
foreign energy sources. In addition, the vulnerability of the centralized energy
system, dependent on a limited number of massive facilities, would be substantially
reduced.
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The story of how cheap, easily available petroleum fed the industrialized
nation's insatiable appetite for increasingly large shares of energy is by now well
known. What is not as widely published nor understood is why Americans refused to
recognize the peril that dependence upon a few unstable nations, inexperienced in
playing a central role in international politics, brought to the entire U.S. economy.
Even the "oil crisis" in 1973-74 that resulted in quadrupled prices in oil didn't reverse
the trend of continually greater dependence on imports from a very small number of
suppliers. The industrial economies grew at an average annual rate of 3.4 percent
during 1970-783, and the real price of oil actually fell in 1974-78.%

The events of 1973-74 were considered a unique and isolated experience.
American life, considerably dependent of foreign supplies of oil, continued with only
slight acknowledgement that cheap and abundant oil would never be available again.
Evidence of this lack of concern was demonstrated by the initial reluctance of
Congress to pass President Carter's proposed "moral equivalent of war." Instead, a
weakened National Energy Policy Act passed in 1978. In order to lessen dependence
of foreign supplies, the Act called for heightened production and consumption of
domestic sources, consisting chiefly of coa) and nuclear fuel. The production of
these energy resources, however, entails a number of economical, social and
environmental concerns, which have greatly hindered their accelerated usage.

Not until the Iranian Revolution of February, 1979, did the Amercian public
begin to acknowledge how serious a threat this excessive dependence on imported
petroleum represented. "The oil lost in the first half of 1979 amounted to only one
percent of the world total, yet inadequate preparations and panic responses
produced gasoline lines and a 120 percent price increase."?

Although most OPEC countries "produced above their announced ceilings in
early 1979 to help consumers cope with the Iranian shortfall, "many of the world's
leading oil producers recognize the exhaustibility of their resources and have
reduced production levels, "OPEC exports are expected to decline from 28.3 million
barrels per day in 1979 to 22 million in 1985 and to 17.29 million by 1990."6

Our dependence on a small group of unstable, unpredictable nations results in a
serious supply vulnerability. The largest oil producing country, Saudi Arabia, is no
longer able to moderate the more extreme members of OPEC who wish to cut back
production and raise prices to the limits that the market will support. In addition,
the United States has become increasingly dependent on nations that, to one degree
or another, regard the West an an enemy and show little compunction in
subordinating oil supply to other considerations.

The Department of Energy estimates the domestic cost to the U.S. economy
would be $323 billion of ten million barrels per day (mbd) were curtailed for a year
(slightly more than Saudi Arabia's production level} and $686 billion if the entire
Persian Gulf oil suppl; (so precariously reliant on the Straits of Hormuz) was
suspended for one year.




In spite of the fact that the U.S. is the second largest producer of oil,
contributing 8.5 mbd to the world's supply, we are simultaneously the largest
importer, requiring over 6.4 mbd.® Proved domestic crude oil reserves have
declined sharply, following the discovery of Alaskan reserves in 1970. The rate of
production has declined with the decrease in reserves, resulting in a decreased
production rate of sixteen percent from 1970 to 1975.7 As the rate of growth in
energy demand continues to climb, it becomes very unlikely that the U.S. can
depend solely on domestic resources to meet its oil demand.

Natural gas trends have been very similar to those of domestic oil reserves and
production. Proved reserves also declined after 1970 and decreased rates of
production followed, having peaked in 1973.10 As with oil, the U.S. is not only one
of the largest natural gas producers, but is also one of the largest importers.
Imports comprise about five percent of total natural gas consumption, as compared
to over 36 percent of total petroleum consumption.“

U.S. coal reserves, on the other hand, are plentiful. Over 600 million tons of
coal are produced in the U.S. every year. There are a number of well-known
environmental liabilities inherent in the mining, transportation and burning of coal,
however.

Nuclear power has been considered a major solution to energy needs for the last
few decades. However, it has become one of the most controversial issues in
America today. The lack of a viable nuclear waste disposal program, the fear of
nuclear accidents, ard the threat of proliferation all add to the public's growing
resistance to atomi: power providing more than its current eleven percent
contribution to electri- generation.

Additionally, there is no place to store the radioactive materials without risking
radiation exposure of some kind. Waste is being temporarily stored until facilities
and handling methods can bhe developed that will alleviate the dangers of radioactive
contamination.

Likewise, the possibilities for accidents in nuclear power plants either elicit
absolute opposition or are unequivocally defended by technologists who contend that
the chances of a life-threatening accident are miniscule. As long as events such as
the near-meltdown at Three Mile Island provide support for the opposition's
viewpoint, the debate will continue,

The issue of nuclear proliferation also provokes debate. Because the topic is so
controversial and complex, it warrants some elaboration. The production and use of
nuclear fuels for civilian power generation can lead to the use of bomb-grade
radioactive materials which enhances the spread of nuclear weapon capabilities to
several nations. This increases the potential for nuclear terrorism and nuclear
warfare.

Currently, the United States employs light water reactors (LWR's) to generate
electricity. "Ordinary LWR's use a low enriched fuel (about three percent




Uranium-234 and 97 qercent Uranjum-238) which is useless for bombs. . . without
further enrichment."l2 National policy prohibits the export of enrichment
technology from the United States due to proliferation concerns.

A conventjonal assumption has been that spent fuels would be reprocessed to
produce fresh fissionable fuels for reuse. Eventually LWR's would be replaced with
"breeder" reactors that breed additional fuel (Plutonium-239) in the fission process,
thus alleviating dependence on dwindling supplies of Uranium-235. However, the
breeder reactor nuclear fuel cycle can produce weapons-grade plutonium more
readily than conventional nuclear fuel cycles. Both breeder reactor development
and fuel reprocessing from LWR's have been delayed by the U.S. government
because plutonium might be exposed to potential misuse through proliferation. The
debate now centers around whether we should maintain our policy of breeder reactor
technology prohibition and continued dependence on diminshing uranium supplies or
develop breeder reactors. Active development of breeder reactors is underway by
several European nations, but even with full development, several decades will be
required to reach maturity in such programs. The Harvard Business School's Energy
Project summarized the breeder issue as follows in their report, Energy Future:

Contrary to a widespread impression, even the world's most
technically advanced breeder reactor development program (in
France) is decades from making any significant addition to
that country's nuclear power supply. . . Events beyond the
early 1990's are, of course, anyone's guess, but the history of
the light-water-reactor development effort cautions against
expecting too much too soon from a new and highly complex
technology. Certainly for the indefinite future there would
seem to be little or no realistic possibility that breeder
reactors could have any practical effect on the waste disposal
problem.13

This study considers the use of dispersed, decentralized, and
renewable energy resources as a long-range strategic energy option.
Numerous reports exist today that discuss the likely contribution
renewables can offer in the near and distant future. There is
considerable divergence among the resulting projections and forecasts,
however, due in part to the variable and conflicting assumptions
employed.

The realization that greater energy efficiency, conservation and
development of renewable energy resources can help to decrease our
dependence on foreign oil has become more widespread. Public
acceptance is growing due to favorable demonstrations of successful
renewable systems. The technelogies that were once too expensive and
exotic to consider are now cc..t-effective in a number of cases.




Strategic Materials and Vulnerability (1.2)

The resources required to produce many components of a number of
conventional and alternative technologies are referred to as "strategic materials."
These minerals and metals are necessary to a number of key U.S. industries,
including aerospace, electrical equipment, nuclear power, and communications.

The issue U.S. policymakers face today regarding strategic materials is our
reliance on imports. The United States currently imports between 90 and 100
percent of most of these elements. "It is scarcely an exaggeration to suggest that
the West is every bit as vulnerable to chaos from a cutoff of strategic minerals as it
is to an oil cutoff."l% Table 1.2-] illustrates U.S. dependence on some of these
strategic materials.

Many of these materials exist in presently or potentially unstable regions of the
world, such as South Africa, Cuba, Brazil, Zaire, Morocco, Jamaica, and Zambia. In
addition, the Russians have been establishing contacts and power bases in or around
many of these regions, causing concern about the future availability of supplies.
The problem is not only the uncertainty generated by dependence upon unstable
regions, but also the threat to national security that this situation poses since many
of these materials are crucial for advanced military hardware in addition to power
generation. Table 1.2-1 shows some of the extent of this reliance.

A number of critical and strategic materials are used in the construction and
maintenance of a wide range of energy facilities, power plants, and heat engines of
various kinds. As a genral rule, higher technology equipment and equipment which
must operate at high heat ranges, require the use of specialized, exotic and
strategic materials to a greater degree than simpler, somewhat lower technologies.
The Nuclear Regulatory Commission (NRC) has studied the requirements of nuclear
power plants, which use materials such as aluminum, antimony, asbestos, beryllium,
cadmium, chromium, cobalt, copper, lead, manganese, mercury, nickel, platinum,
silver, tin, tungsten, and zinc. Table [.2-2 lists the materials needed for reactor
cores based on U.S. experience in the construction of large nuclear power plants.

Unlike other energy technologies, many of the critical materials utilized for
reactor cores cannot be recycled in the future due to excessive radioactive
contamination. This unique feature of nuclear power adds significance to policies
which commit large quantities of scarce, strategic materials to this sector of the
energy economy. Other energy technologies, such as new synfuels processes, are
also heavy users of critical materials. Vast increases in synthetic fuels production
or the construction of large, modern power facilities will require substantial
amounts of these threatened and dwindling materials.

Legislation has been enacted during the past 30 years which attempts to protect
the United States' military interests from disruptions in the flow of strategic
materials. The Defense Production Act of 1950 "can be used to stimulate domestic
production of metals and materials that are critical to national security."U Title
| sets priorities and allocations under the Defense Materials and Defense Priorities
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Material
Titanium (rutile)
Columbium
Tin
Beryllium
Germanium
Platinum
Manganese
Tantalum
Aluminum
Chromium
Cobalt
Nickel
Tungsten
Copper
Molybdenum
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Table 1.2-116

U.S. RELIANCE ON STRATEGIC MATERIALS

Percentage of U.S. Consumption
from Imported Materials

100 ¢
100 ¢
100
100 (approx.) b,
100 (approx.)

100 (approx.)

98 ©
96 d
933
90 €
90 ©
77 €
59

n.a.

Reliance on politically unstable regions.

U.S. has large potential supply.

Reliance on politically unstable African region (e.g. South Africa)

Reliance on politically unstable Asian region (e.g. Thailand)

U.S. has large potential resources, but domestic production has been limited

due to technological and environmental problems.

tadd

Reserves have been identified in the U.S., but none mined.
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Systems regulations; Title 3 enables the government to underwrite the expansion of
domestic production of strategic materials and raw materials for which the U.S. has

a high degree of import dependence; and Title 7 lists administrative regulations
which implement the rest of the Act.

Table 1.2-217

ESTIMATED QUANTITIES OF MATERIALS USED IN REACTOR CORE
REPLACEABLE COMPONENTS OF WATER-COOLED NUCLEAR POWER PLANTS

Quantity World u.S. u.S. Strategic
Used in Production,b Consumption Reserves,b & Critical
Material Plant,3 kg metric tons metric tons metric tons Material€
Antimony 1.7 65,600 37,800 100,000¢ Yes
Beryllium 2.8 288 308 72,700 Yes
Boron 3,363 217,000¢ 79,000¢ 33 x 106 No
Cadmium 206 17,000 6,800 36,000 Yes
Chromium 109,000 1,590,000 398,000 2x lO6d Yes
Cobalt 61 20,200 6,980 25,0004 Yes
Gaolinium 2,650 8t 14,9208 No
Iron 443,000 574 x 106 N 128 x 106 ' 2x 1099 No
Nickel 55,000 hS0,000i 129,0001 181,000d Yes
314,000
Tin 24,000 248,000 89,000 57,0009 Yes
Tungsten 9.3 35,000 7,300 79,000 Yes
Zirconium 1,106,000 224,000° 71,000 5t x 106 No
3 Quantities used are modified from the final ER for Hope Creek Generating Station, Table 10.1, Mocket Nos.
50-354 and 50-355.
b Production, consumption, and reserves were compiled, except as noted, from the U.S. Bureau of Mines
publications "Mineral Facts and Problems" (1970 ed. Bur. Mines Bull. 650) and the "1969 Minerals Yearbook."
€ Designated by G.A. Lincoln, "List of Strategic and Critical Materials® Office of Emergency Preparedness:
Fed. Regist. 37(29):4123 (Feb. 26, 1972).
d

World reserves are much larger and U.S. reserves.

€  Information for 1968.

Production of gadolinium is estimated for 1971 from data for total separated rare earths given by J.G.
Cannon, Eng. Mining H. 173(3):187-200 {March 1972). Production and reserves of gadolinium are assumed to
be proportional to the ratio of gadolinium to total rare earth content of minerals give in "Comprehensive
Inorganic Chemistry," Vol. 4, ed. M.C. Sneed and R.C. Brasted, D. Van Nostrand Co., Princeton, N.1., 1955,
p. 153,

8  Reserves include only those at Mountain Pass, Calif., according to the "1969 Minerals Yearbook."

Excludes quantities obtained from scrap.

i Production of raw steel.

i Metallic zirconium accounted for 8% of total U.S. consumption in 1968,
7
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The Strategic and Critical Materials Stockpiling Act resulted in a national
stockpile of vital minerals. Presently, the total value of the stockpile inventory is
about $13 billion, but there are shortages and imbalances in several key categories
that would require an estimated $6 billion to bring the inventory to stated goals.
The 1981 fiscal budget allocates $170 million for additions to the stockpile, and it is
likely that a larger request will be submitted next year.18

The National Strategic Information Center (NSIC) recently released a White
Paper urging increased efforts to "beef up American stockpiles" by adhering to
"resource war" tactics. The report suggests that the U.S. should design new
alliances and be prepared to intervene militarily, to be guaranteed access to Mideast
oil and southern African minerals. The report discusses U.S. dependence on foreign
supplies. Even though there are presently sufficient supplies to meet industry's
demands, the report states that the "U.S., and its allies, are increasingly unable to
exert sufficient influence on the world scene to guarantee a continued flow of raw
materials from the Third World--and immediate action needs to be taken."l9

In addition, set-aside quotas have been established which mandate a monthly
percentage of the materials production to defense-rated orders; the remaining
materials are free for market consumption.

One way to alleviate imported materials-dependent vulnerability is to stimulate
U.S. Domestic production. The issue of increasing American mining of these crucial
minerals is being addressed in the Congress. Senator James A. McClure (R-Idaho),
Representative James Santini (D-Nevada) and Senator Harrison Schmitt (R-New
Mexico) have warned of threats to national security due to reliance on foreign
mineral resources,

The United States has vast resources of its own, but thus far it has been
"uneconomical" to substitute the more expensive domestic resources for cheaper
foreign resources. The proponents of increased domestic production hope to pass
legislation revamping tax codes, anti-trust iaws and environmental regulations, in
addition to opening feacral lands to mineral exploration.

Reprecentative Santini, Chairman of a House mining subcommittee, in a recent
hearing on the "International Resource War: Minerals Held Hostage," recommended
a policy to steer the U.S. away from our growing dependence on imported minerals.
At the Santini hearings, former NATO Commaner-in-Chief Alexander Haig said:
"Should future trends, especially in southern Africa result in alignment with Moscow
of this critical rescurce area, then the U.S.S.R. would control as much as 90 percent
of several key minerals for which no substitutes have been developed and the loss of
which could bring the severest_consequences to the existing economic and security
framework of the free world."2! The Russians may be simply acting in their own
self-interest to insure supplies and "will be forced by economic realities to continue
trading their minerals on the open world market."22

The possibility of curtailment of imported strategic materials renders the
United States as vulnerable as our dependence on OPEC oil. The energy




production and distribution industry is dependent on strategic materials which
further deepens our vulnerability. In the past, economic considerations based on the
price of a desired material were the main criteria used to determine amounts of
domestic production vs. importation. Now, policymakers are learning to weigh
national security against price. In some cases, it is becoming expedient to pay a
higher price in dollars to stimulate domestic production of a vital resource than to
import cheaper materials and pay the price of energy and materials supply
vulnerability.
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Centralization of Energy Systems and Vulnerability (1.3)

Vulnerability is apparent in the evolution of the U.S. energy network. With the
rapid industrialization of the United States during the late 1800s, it became evident
that the introduction of larger facilities led to profitable economies of scale.
Marginal costs decreased as greater numbers of goods were produced,
Centralization likewise applied to the American energy production and distribution
system, and today the concentration of facilities has become an integral
characteristic of the economy's energy sector. (See Section 2.7, "Energy Systems
and Economies of Scale" for further discussion.)

The trend toward centralization is illustrated by the electric power industry.
Initially, electricity was produced in small, localized plants. The numerous
small-scale electricity-producing stations gradually consolidated as improved
technologies allowed increased production and more efficient distribution facilities.
Demand for electric power doubled every ten years on the average, whiie the price
of electricity in cents per kilowatt hour dropped, in real terms,

American society depends on large-scale power plants for the operation of food
production and distribution, transportation, communication, and for the ability to
defend itself. In short, it depends on energy for survival. Because the life blood of
a modern, highly industrialized economy is its energy sources, the larger and more
concentrated these sources are, the more vulnerable the economic system and
armaments production are to total disruption if the energy sources are attacked or
interrupted by other means.

Petroleum and Vulnerability (1.3-1)

The petroleum industry, for example, is very vulnerable, From the time
petroleum is pumped from wells until it is distributed as refined products, it follows
an increasingly centralized production chain. The centralization of petroleum
operations and the development of sophisticated equipment for operating and
communications make it highly vulnerable to an attacker's disruption.

Domestic production of crude petroleum is probably the least vulnerable step in
the oil chain. Oil fields are dispersed over wide areas of the country, increasing the
likelihood that at least some production will be maintained if a portion of the
nation's oil fields is damaged or destroyed by disaster, sabotage or nuclear attack.
However, approximately 50 percent of U.S. crude oil production is dependent on
electric power in one way or another, adding to its vulnerability.

Transportation of crude oil is done primarily by pipeline, a system which has
some measure of protection in a natural disaster or nuclear attack since most
pipelines are buried. However, pumping stations needed to move oil through the
pipelines are located aboveground at approximately 50 to 100 mile (80.45 to 160.9
kilometers) intervals along the more than 66,000 miles (96,540 kilometers) of crude
pipeline.24

The importance of transportation to the petroleum industry was emphasized in
a U.S. Department of Interior report which estimated that each barrel
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of crude oil produced in the U.S, is transported 600 to &0 miles (965.4 to 1,287.2
kilometers) before its final use.2? Only about one-fourth of American crude oil
does not move by pipeline. The ships, trucks and railroads used to transport this oil
are also vuinerable to either direct or secondary damage; for instance, trucks
surviving an attack may not be able to move over damaged roads.

The next step, refining of crude oil is considered the most vulnerable point in
the petroleum system and probably the most vulnerable component of the energy
industry. Nearly all crude oil is converted to gasoline and other products before use,
and loss of refineries to perform this conversion would devastate the American
economy. Large refineries are considered to be a prime target in a nuclear attack
because of their crucial role in the economy and because they are the most
concentrated segment of the petroleum chain.

Over 38 percent of domestic crude production was refined in the Gulf region of
the U.S. in 1974, These refineries are concentrated in a relatively small Guif Coast
area of Texas and Louisiana, which in 1979 had 61 of the country's 3ll petroleum
refineries. Another 42 refineries are in California and other concentrated areas are
Detroit, Chicago, Philadelphia and New York. The California, Great Lakes, Middle
Atlantic and Gulf region refineries together account for about 71 percent of the U.S.
refining capacity.26

The petroleum industry's reliance on electric power for many of its operations
complicates the vulnerability picture since electric utilities also are vulnerable to
nuclear attack. "Auxiliary power is available in some (refining) plants but the lack
of power will shut down most operations,” states one study of the petroleum
system's vulnerability.2

Some of the federal research on energy vulnerability has suggested industry
changes that would reduce damage done in a nuclear attack. However, these
solutions, such as building petroleum refineries underground, maintaining separate
electric power sources for each refinery and building refineries with fallout
protections, are generally acknowledged to be uneconomical in an industry in which
market considerations, transportation and crude oil supply are major factors

, determining site location for plants.23

Natural Gas and Vulnerability (1.3-2)

» The natural gas industry is similar in many respects to the petroleum industry.
f Gas collected in the field must be moved to a processing plant before being i
4 transported for use in homes and industry. Production of natural gas is concentrated

in only a few states. In 1978, Texas, Louisiana, Oklahoma, New Mexico, Kansas,
Wyoming and Alaska produced 92.8 percent (19.97 trillion cubic feet) of the

Y marketed natural gas originating in the U.S. The same year, Texas and Louisiana
!; alone exported 8.24 trillion cubic feet, which was 18.1 percent of the domestic gas
4 sold in the interstate market.29

Natural gas production, like crude oil production, is less vulnerable than other
4 aspects of the industry because it is dispersed over a large area. Pipelines (77,766
miles (125,125.49 kilometers) were operating 1979) gather the field gas which must go
to gas processing plants before distribution. The gas processing step
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is roughly comparable to refining in the petroleum industry, but is is less
complicated. In 1974, there were 763 such plants in the country.

Over 260,000 miles (418.340 kilometers) of transmission lines carry the gas from
the processing plant to storage tanks. Transmission pipelines are considered
vulnerable to sabotage and to ground shock waves from a nuclear attack. The
greatest vulnerability in transmission is the fact that pipelines and compressor
stations are run by automated systems. Complex communications equipment is vital
to this operation, and few people are skilled in repairing it. Thus, even lightly
damaged equipment could be rendered unusable if no one with the expertise survived
to make repairs.

Coal, Electric Power and Vulnerability (1.3-3)

Most energy vulnerability analyses have concentrated on petroleum, natural gas
and electric power. Coal is a less complicated industry, but it remains vulnerable
because of its great dependence on two other resources: electric power and
transportation.

The coal industry is dependent on electric power for both strip mining and deep
mining. Transportation of coal is done by railroad (about half the coal mined in the
U.S. moves by rail), barge, and truck, and these modes of transportation ultimately
depend on oil for the diesel fuel they need *o operate. Damage to the transportation
system, or the presence of fallout in in areas that must be crossed to transport coal,
would also reduce the availability of this fuel.3]

Electric power generation depends on fossil fuels, falling water or uranium,
which are converted into electric current. In 1979, 48 percent of the nation's
electricity was generated by coal, fifteen percent by natural gas, thirteen percent
by petroleum, twelve percent by hydropower and eleven percent by nuclear
energy.

However, those statistics vary considerably in different areas of the country.
New England, for instance, relied on coal for only seven percent of its electricity,
while petroleum provided 60 percent. But nationwide, electric utilities are the
country's biggest coal consumers, burning about 70 percent of the coal produced in
the 1970s, compared with fifteen of the nation's natural gas consumption and ten
percent of its petroleum. In sum, the electric power industry is vulnerable to the
availability of resource supplies as well as the threat of nuclear attack.

Nuclear Power and Vulnerability (1.3-4)

Increasing attention is being paid to the possibility of an enemy attack upon
nuclear power plants and its subsequent effects. Currently, about eleven percent of
all U.S. electrical power is supplied by nuclear installations. Since nuclear power
plants constitute less than 200 potential targets (including near-term proposed
additions) and have the added risk in some cases of being very close to large
pupulation centers, they are prime candidates for strategic nuclear targeting or
conventional bombing.

12
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Other reasons nuclear power plants may be chosen are outlined by Bennett
Ramberg:

They might be atacked because they are a guise for a nuclear
weapons program. They might be threatened or destroyed
because they represent one of the greatest concentrations of
capital investment a country is likely to possess. A party with
a stake in an ongoing conflict between two countries might
consider sabotaging a facility as a means to escalate the
conflict. Finally, large numbers of people in many countries
have become acutely concerned about possible releases of
radionuclides from power plants. Taking advantage of this
fear, a belligerent could use the threat of radioactive
contamination resulting from a successful attack as a means
of coercion.

Several studies also hypothesize recovery times necessary for resumption of a
stable, productive economy. Again, the estimates all depend upon the assumptions
made for the respective scenario. A centralized energy system that depends on
relatively few power plants as compared to a dispersed network of small-scale
power stations, however, would require a longer recovery period to rebuild huge
power generating facilities and replace the other components of the complex energy
system,

The overall dependence of the American economy on large

quantities of electrical power and fossil-fueled transportation ;

systems, combined with the vulnerability of petroleum refining ;

facilities and significant dependence on foreign petroleum, i

suggests that the magnitude of the difficulty in meeting

P energy needs may be one of the most critical determinant(s) of
the nation's iong-term ability to recover economically...

‘ The likelihood of an assault upon domestic nuclear power plants must also be

' taken into account when attempting to measure the degree of U.S. vulnerability.
Not only does the possibility of an external bomb attack exist, but recently the
threat of damage to nuclear plants has expanded due to an increasing number of
sabotage and terrorist attacks.
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Terrorism and Vulnerability (1.4)

Terrorism, according to the U.S. Department of Justice is "the calculated use
of violence to obtain political goals through instilling fear, intimidation or coercion.
It usually involves a criminal act, often symbolic in nature and intended to influence
an audience beyond the immediate victims."33

During 1977 there were 106 acts of domestic terrorism.36 Terrorism cannot
be compared with usual criminal acts -- it is an act directed against all of society,
deliberately designed to shock, dismay and enrage.

The motive for sabotage may be equally political, but the goal is largely
functional, that is, to destroy a capacity or disrupt a process typically relating to
m.aterial production and often for the purpose of hampering a nation's war effort or
defensive capability. The strategy may involve an intent to unsettle governmental
or military authorities, or even undermine public confidence in those institutions,
but the principal thrust is political. Relatively trivial incidents of sabotage are
occasionally associated with labor disputes or the effort of an aggrieved party to
extract revenge, or even simple extortion, but the primary concern remains in the
area of defense production and capability.

There is little doubt that electrical power and -fuels transported over long
distances by complex routes make them vulnerable to terrorist attack and sabotage.
Virtually the entire electric grid in this country consists of overhead transmission
lines. Pipelines carry most of our natural gas and pipelines (some 260,000 miles
(418,340 kilometers) of trunklines and gathering networks) are major carriers of
petroleum products. These elements of the system (especially their function
components, such as substations and switching centers in the case of electric power
transmission, and aboveground valve, cutoff and pressure regulator sites for gas and
oil pipelines) are essentially unguarded, vulnerable to a variety of weapons, and
difficult to repair.37 Nevertheless, refineries, processin§ plants and power
facilities must be considered prime targets for internal attack.3$

Similarly, the high degree of interconnections in the electric power system
mitigate the consequences associated with the loss of any single power station. This
last point is also true of such central facilities as refineries: "One should not
underestimate the costly damage that is possible to an oil refinery, but the
temporary loss of the products from one or several plants would be greatly
detrimental to total energy flow, except in the local market."

On the other hand, there are energy systems which almost seem to invite
disruption by internal attack. For example, more than half of the natural gas in the
United States flows from or through Louisiana, raising the spectre that a few
well-executed attacks could severly cripple the nation's supply. Similarly, over 2.5
million barrels of light petroleum products flow throug&x four major lines from the
Gulf Coast to east-central and eastern states every day. 0

14




To date, the major terrorist groups have shown no inclination to attack U.S.
energy facilities elsewhere.* As shown in Table l.4-], energy related attacks in the
United States (all bombings) have been very minor in scale, have resulted in little
damage, and have caused almost no interruption of service. By and large, they have
been motivated by the rather mundane grievances of domestic groups.

It may be, however, that increased attention to the energy crisis and the
heightened public perception of vulnerability in energy supply may soon attract the
attention of more dangerous groups. Certainly the ongoing controversy over nuclear
power will make nuclear power plants increasingly attractive targets, It seems
unlikely that any but the best financed and most technologically sophisticated
terrorist groups would be able to cause more than isolated damage.

* Note: On February 6, 1972, the Black September groups blew up two gas
processing plants in Rotterdam which represents the only energy-related attack by
the sevcnteern largest terrorist organizations between 1968 and 1978. More
significant was the attack on South Africa's SASOL plant (synthetic oil) this year by
Black Nationalists.
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FACILITY

Transmission towers
owned by Public
Service Elec. & Gas
in Cedar Grove, NJ

Shell Oil Co.
gasoline pipeline
in Oakland, CA

Four transmission
lines in Colorado

Refinery owned
by Humble Qil
in Linden, NJ

Transformer in
Puerto Rico

Pipeline in
Puerto Rico

Six transmission
towers near Oakland
CA owned by PG&E

Substation owned by
PG&E near San Jose, CA

Substation owned
by Seattle Light
in Seattle, WA

PG&E substation
near San Jose, CA

PG&E substation
near Cupertino, CA

PG&E substation
near Oakland, CA

Four PG&E transformers
in Sonoma, CA

Alaska Oil Pipeline

PG&E substation
in Sausalito, CA

Alaska Oil Pipeline

PG&E substation
in Concord, CA

Table 1.4-141

INCIDENTS OF ENERGY-RELATED TERRORISM

DATE/REFERENCE

NYT, 11-6-68,
40:1

NYT, 3-19-69,
28:4

NYT, 4-16-69,
54:1

NYT, 1-27-70,
1:5 and 56:4

NYT, 1-1-75,
36:1

same as above

LAT, 3-22-75,
1, 25:4

LAT, 4-19-75,
NYT, 1-2-76,

45:2

NYT, 1-2-77,

17:1

LAT, 1-28-77,
I, 3:6

LAT, 4-16-77,
28:3

LAT, 4-19-77,
I, 2:5

NYT, 7-29-77,
7:1

NYT, 8-30-77,
10:6

NYT, 2-18-78,
18:6

LAT, 3-16-78,
I, 23:3

WHO

unknown

unknown

"campus revolu-

tionary"

United Socialist
Revolutionary
Front

assumed Puerto
Rican Nationalists

same as above

New World Liber-
ation Front (NWLF)

NWLF

George Jackson
Brigade

NWLF

NWLF

NWLF

NWLF

local miner

assumed NWLF

unknown

NWLF
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REASON

unknown

unknown

electricity ran
to local defense
plants

get political
prisoners freed

assumed in pro-
test of visit

by Kissinger and
Rockefeller
same as above

rate protest

rates

not available

rates to low-
income consumers
same as above
same as above

same as above

"disgruntled by
line's construc-
tion"

rates

unknown

rates

DAMAGE

tower footing
damaged

fuel carried by
creek to nearby
community, three
injuries

not available

"millions of
dollars" to
four units

app. $100,000

not available

slight

app. $15,000

not available

not available

“substantial

not available

not available

pipe ok, insula-
tion damaged

not available

1" hole in line;
8,000 barrels
lost: unassessed
environmental
damage

not available

INTERRUPTIONS

none

none

not available

production halted
but no interruption

east part of island
without power

not available

none

12,000 homes without
power

2,000 without power
not available

power out to 21,000
for 30 minutes
power out to 5,000

power out to 8,000

flow halted for re-
pairs

blackout in
Sausalito

none

power out to 50,000
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Natural Disasters and Vulnerability (1.5)

Severe weather conditions and other natural disasters, such as earthquakes, can
create paralyzing conditions conventional energy facilities, grids, and
transportation/distribution systems.

Severe winter weather, such as that experienced in 1976-77, creates such
conditions. During that winter, barge traffic was blocked by iced-over canal
conditions, power lines froze and toppled, truck movements carrying fuel, food and
vital commodities slowed to a virtual standstill. These conditions affected the
entire northeastern U.S. and temporarily crippled vital energy transportation
systems. Other natural disasters such as floods, droughts, tornadoes, and hurricanes
have caused havoc to energy and utitity systems.

Other more far-reaching disasters, such as major earthquakes, are highly
disruptive events which can cause long-lasting damage to energy systems. A recent
National Security Council (NSC) committee study on earthquake vulnerability
estimates the probability of a massive California earthquake to be 50 percent or
higher within the next 30 years. Such an earthquake could have a magnitude in
excess of 7.0 on the Richter scale.

The NSC study estimates that a major earthquake would cause between $15 to
$70 billion in damage depending on which area of the state was affected and other
conditions such as time of day. For an earthquake of 7.5 magnitude striking the
Newport-Inglewood fault in the immediate Los Angeles area, damage would be in
the 570 billion range and fatalities would range from 4,000 to 23,000.4

According to the NSC study, "most systems for communications, transportation
and water and power generation and distribution are as a whole resistant to failure,
despite potentially severe local damage, because of their network-like character.
These systems would suffer serious local outages, particularly in the first several
days after the event, but would resume service over a few weeks to months., The
principal difficulty will be the need for these systems in the first few days after the
event when life-saving activities will be paramount."

Region IX of the Federal Emergency Managaement Agency (FEMA) has
prepared a draft Earthquake Response Plan for the San Francisco area, and is now
working with the State of California on plans for a potentially disastrous Southern
California earthquake. The NSC study points out that as such plans are developed,
the possibility of predicting such a major earthquake rnay increase. If this happens,
"decisions (to act on such a prediction) may include such possibilities as the
mobilization of National Guard and Department of Defense resources prior to the
event, the imposition of special procedures or drills as potentially hazardous
facilities such as nuclear reactors or dams..."44

The NSC study notes that:

All major transporation modal systems be affected: highways,
streets, and bridges, mass transit systems,
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railroads, airports, pipelines and ocean terminals. There will,
however, be major variances in losses among the modes. From
a purely structural standpoint the more rigid and/or elevated
systems such as railroads and pipelines which cross major
faults on an east-west axis will incur the most extreme
damage with initial losses approaching 100 percent. Other
major systems such as highways, airports and pile-supported
piers at water terminals with better survivability
characteristics will fare much better with damage generally in
the moderate range of 15-30 percent. During the 1971 San
Fernando earthquake, numerous freeway overpasses collapsed.
Improvements in design for new overpasses and a program of
retrofitting for older overpasses have moderated this problem,
but significant damage must be anticipated to unmodified
structures. These transportation facility loss estimates are
stated in terms of immediate post-quake effects. They do not
reflect the impact of priority emergency recovery efforts or
the inherently significant degree of redundancy and flexibility
in the transportation system. Consequently, there will remain
an unquantified but significant movement capability. Finally,
these loss estimates do not take into account the questions of
availability of essential supporting resources, particularly
petroleum fuels, electricity and communications. In the initial
response phase, these could prove to be the most limiting
factors in the capability of the transportation system.%?

Certainly, the potential for widespread disaster is considerably less in the case
of a major earthquake than with a nuclear attack or major sabotage event affecting
national energy systems. However, as this new NSC study confirms, disruption is
heightened because of the increasing centralization and complexity of key energy
and transportation systems. In the case of California, an additional level of
precaution may be called for because of the location of five coastal nuclear power
plants. (Only one is licensed, but four plants are either under construction or ready
for licensing.) Even if these plants are not directly affected by an earthquake,
disruption in the grip may prevent them from delivering crucial power to affected
areas for lengthy periods.
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Energy and War: Historical Lessons (1.6)

The concept of targeting energy facilities during times of war is not new.
Enemy energy sources have been attacked in recent conflicts including World War II,
Korea, Vietnam, the 1973 Middle East conflict and the 1980 Persian Gulf war. The
World War Il examples of Germany and Japan offer a clear-cut demonstration of the
strategic disadvantages of centralized vs. decentralized energy systems.

The German Example: Centralization (1.6-1)

Electric power was, together with coal, the most vital part of the German
energy system, and for a number of reasons it was even more vulnerable to attack.

In 1933 the installed capacity of electric motors represented
73.2 percent of all industrial motive power in Germany. By
1944 probably 80 percent of the motive power was derived
from electrical sources. Although most of the electricity
consumed by German industry was used to produce mechanical
power, i.e,, to run electric motors, a significant proportion
was used in industrial electric ovens and in industrial
electrolytic processes, the principle end products of which
were aluminum, magnesium, chlorine, and caustic soda and
potash. Finally, electricity was indispensable for the synthetic
production of oil, rubber and nitrogen.

Coal was the primary source of electric power generation in Germany. In 194],
80.2 percent of the electricity produced by the public power plants was obtained
from coal, and the remaining 19.8 percent from water power, with about twelve
percent coming from run-of-river or low-head hydroelectric plants and eight percent
from high-head hydro plants. For the private, industrial electric power plants,
water was even less important. Coal again ran about Soupercent of the plants, gas
about ten to fifteer, percent and water about five percent. 7

Of the 80.2 percent of public plant electricity generated from
coal, 44.4 percent was from brown coal and 35.8 percent from
bituminous coal. Because brown coal has a low heating value,
and hence would make transportatinn costs uneconomic, brown
coal stations tend to be located either directly on or close to
the coal fields from which they are supplied. Such stations are
usually public, rather than private, except when an industry is
alsc located in or near the field and has its own captive power
plant. Bituminous coal stations on the other hand, are
generally situated close to their potential consumer, i.e.,
either near or in large cities or close to the industrial plants
which they service,
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In 1939 there were 8,257 electric generating stations in
Greater Germany, including both public and private plants.
Although most of the stations were small, the greater part of
the capacity was derived from a relatively small number of
large stations. For example, 79.6 percent of all the stations
had capacities of 1,000 kv-a or less, but the 1l13 stations
(representing only 1.4 percent of the total) having over 50,000
kv-a capacity produced 56.3 percent of all the current
generated, and accounted for 51.0 percent of the electric
power capacity. The 416 stations having over 10,000 kv-a
capacity, though representing only 5.0 percent of all the public
and private stations, accounted for four-fifths (8.9 percent) of
the power generated, and constituted 75.8 percent of the
capacity.

Although this concentration of electric power production was much smaller
than the notable plant concentrations in other industrial fields, it was nevertheless a
significant concentration for an industry as widely dispersed as electric power and
made the industry vulnerable to wartime attack. Following the start of the war,
there was a substantial increase in the number of giant private generating plants
which were constructed in connection with the expanding synthetic oil and synthetic
rubber industries which were large consumers of electric power.

Of the 8,257 generating stations in Germany, only about
one-fourth (23.8 percent) were public stations. However,
these 1,964 stations accounted for slightly more than half (55.8
percent) of the total power production, as well as slightly
more than half (57.9 percent) of the generator capacity.
Private generating plants, though numerous, were for the most
part, small, while the public plants, though fewer in number,
tended to be larger. The public power stations having the
largest capacitities produced the overwhelming bulk of the
public power. For example, the 192 public stations having
more than 10,000 kv-a capacity produced 9l.1 percent of the
power generated by all public plants and accounted for 88.7
percent of the public capacity. Although the private plants
followed the same pattern, they did so to a lesser extent, since
only 70.3 percent of the private power was produced by
stations falling in the same capacity size group.

Geographical concentration also existed, and while electric generating stations
were located throughout Germany, there were five main concentrations of
generating capacity, each of which was dominated by one or more of the large
public plants. Each area also had a number of large private power plants. The
public generating plants were interconnected by means of the various transmissions
and distribution networks forming the nationa! grid system. Beginning with the war,
most of the large private industrial power stations having a surplus of power were
tied into the public utility network. Early in the 1930s the utilities had begun to
construct interconnections of generating stations, and subsequently from the
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main substations, in order to supply areas in an ever widening circle. The existence
of the national grid caused the Allies to question the vulnerability of the electric
power system: "The mobility of electric power, except under limited conditions...
would permit the Germans to spread the loss at any point throughout the region
attacked, and probably throughout German."0

In contrast to this assumption, however, was the concern of German officials
that the Allies would recognize the strategic vulnerability of Germany's centralized
power system. Dr. Roser, Chief Electrical Engineer for RWE, Germany's largest
utility, expressed this concern when he stated, "The war would have finished two
years sooner if you (the Allies) had concentrated on the bombing of our power plants
earlier... . Your attacks on our power plants came too late. This job should have
been done in 1942. Without our public utility power plants we could not have run our
factories and produced war materials. You would have won the war then and would
not have had to destroy our towns. Therefore, we would now be in a much better
condition to support ourselves. I know the next time you will do better."51

Underscoring the surprise of German officials that the Allies did not target and
destroy power plants was Reichminister Albert Speer's (Minister for Armament and
War Production) comments, "I think that attacks on power stations, if concentrated,
will undoubtedly have the swiftest effect; certainly more quickly than attacks
against steel works, for the high quality steel industry, especially electro-steel, as
well as the whole production of finished goods and public life, are dependent upon
the supply of electric power... . The destruction of all industry can be achieved with
less effort via power plants."52 Agreeing with Speer, Reichmarschall Hermann
Goering, Commander of German Air Forces, elaborated, "W= were very much afraid
of an attach on German power plants. We had ourselves contemplated such an
attack in which we were to destroy power plants in Russia."’3 Figure 1.6-1 shows
the effects on production from de.,truction of German electrical plants in Allied
raids.

The German Example: Synthetic Fuels (1.6-2)

Not only did coal provide the major fuel resource for the production of
electricity, but it was also the basis upon which the synthetic fuel industry
developed. Germany developed a number of technologies to utilize synthetic fuels
from fossil and biomass sources for automotive and other uses. Before war broke
out, the Germans had pioneered a number of techniques to use liquefied gas
(propane, butane) from the synthetic fuels plants. By 1941, over 150,000 vehicles
were running on producer gas in the Reich and occupied territories. The fuel supply
for this gas was a combination of coke, anthracite, charcoal, coal, peat and other
sources.

Following a directive from Goering, plans were made to provide for an output
of eleven million tons annually by 1944, mainly from a major expansion of the
synthetic oils plants, and chiefly from the hydrogenation process. Eventually
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eighteen hydrogenation plants and nine Fischer-Tropsch plants went into
production.* Syntheti~ oil production expanded rapidly during the war, and an
enormous amount of money and resources were devoted to this expansion. Annual
production amounted to |.6 million tons (1.5 billion kg) in 1938, 2.3 (2.1 billion kg) in
September 1939, 3.3 (3 billion kg) in 1940, 4.1 (3.7 billion kg) in 1941, 4.9 (4.4 billion
kg) in 1942, 5.7 (2.6 billion kg) in 1943, and had reached 6.0 million tons (2.7 billion
kg) annually by the end of 1943. By early 1944, synthetic oil production accounted
for more than half of the German oil supply.

The three major oil products of the synthetic process were aviation gasoline,
motor gasoline and diesel oil. The hydrogenation process produced mainly aviation
gasoline, with large amounts of motor gasoline and diesel fuel. About 90 percent of
all Germany's aviation gasoline was produced by the hydrogenation process.
Hydrogenation and Fischer-Tropsch produced 32 percent of the motor gasoline, 36
percent of the diesel oil, and a total of 39 percent of ali petroleum products.

At the midpoint of the war, the German goal of equipping a quarter of a million
vehicles to use alternative fuels was apparently reached. By March 1944, more than
80 percent of large vehicles had been equipped to use alternative gaseous, liquid and
solid fuels. German filling stations were established to dispense wood chips and
alternative fuels; special spare parts inventories were developed as well, Special
"Imbert” gas units were utilized on automobiles and trucks. To maximize usage, the
Reich granted a subsidy for vehicle conversion, ranging from RM (Reischsmark) 400
to RM 1,000 per vehicle.??

The synthetic fuel industry was concentrated near the major coal mines in the
Ruhr Valley, and thus were susceptible to enemy attack. Because the Allies' prime
targets were initiaily strategic military facilities, they failed to take advantage of
Germany's energy vulnerability until very late in the war. When the Allies did
destroy Germany's main synthetic fue! and electricity producing plants, the German
war economy was essentially incapacitated. Figure 1.6-2 illustrates the dramatic
effect of Allied bombing on synfuel production in Germany in 1944,

The history of the Allied bombing attacks upon Germany in World War II
demonstrates that with the growing interdependence of energy intensive economies,
the more concentrated and centralized the energy sources, the more vulnerable the
economy to a wartime attack. The instigation of attacks upon the energy
production and transportation systems brought rapid and excessively damaging
results, particularly with the attacks upon the means to transport coal and produce
synthetic fuels.

* The Fischer-Tropsch process for producing oil from coal was developed in the
1920s in Germany. Modifications of this design are still widely used (such as the
coal/synfue! plants in South Africa), in which hydrocarbons are synthesized from
coal-derived hydrogen and carbon monoxide.
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Figure 1.6-256
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The Japanese Example: Decentralization (1.6-3)

Japan, on the other hand, had a very decentralized energy network during World
War II, making her power-generating stations a very low-priority target. According
to the U.S. Strategic Bombing Survey (Pacific), "the electric power system of Japan
was never a primary strategic target"’/ because most of the power requirements
of Japan were "so numerous, smail and inaccessible that their destruction would
have been impractical, if not impossible."58

As Table 1.6-l illustrates, the total air raid damage to the Japanese utility grid
consisted of bombing hits on 35 power plants. Of this, only nine hydro plants were
hit, and the total damage to Japan's hydro-electric capacity was .27 percent of the
total air raid damage. Over 99 percent of the damage was sustained by attacks on
conventional, large steam plants. Figure 1.6-3 illustrates the contribution of small
hydro and steam to Japan's total electrical generation capacity during the war.
Figure 1.6-4 contrasts dramatically the extent of the electrical capacity loss from
Allied air raids on Japanese steam plants (large and centralized) vs. that from small
hydro plants (small and dispersed).




Table 1.6-160

TOTAL AIR AID DAMAGE TO GENERATING FACILITIES
OF THE JAPANESE UTILITY SYSTEM

Generating

stations

Name of Company Hydro or Steam damaged
Nippon Hassoden Hydro 4
Steam 20
Total 24
Kanto Haiden Steam 1
Chugoku Haiden Steam 1
Shikoku Haiden Steam 1
Kyushu Haiden Hydro 3
Steam 1
Tetal hd
Hokkaido Haiden Hydro 2
Steam 2
Total 4
Total Hydro 9
Steam 26
Total 35

Loss of
capacity Percent
because of total Amount
of air loss of of damage
damage (kw) capacity in yen
22,700 1.76 208,200
1,249,250 96.92 78,497,600
1,271,950 98.68 78,705,880
9,500 T4 690,067
4,500 .35 1,780,000
0 0 26,758
0 0 9,100
3,000 0.23 142,900
3,000 .23 152,000
0 0 5,900
0 0 14,000
0 0 19,000
22,700 1.76 223,280
1,266,250 98..u 81,151,325

1,288,950 110.10 81,174,605

Percent of

total damage
0.26

96.46
96.72

.85

2.19

n3

.27
99,71

100.10




Figure 1.6-361
MAJOR SOURCES OF JAPANESE ELECTRICITY GENERATION

Figure 1.6-462
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In 1944, the total generating capacity on the home islands was 10,120,000
kilowatts (10,120 MW). Generation in the peak war year, 1943, was 38.4 billion
kilowatt-hours from all sources including utility, railway and industrial facilities.
Water power from small hydro plants provided 78 percent of the total electricity in
the system, with the remainder of use supplied by steam plants (mostly antiquated
coal plants). During the war the largest hydroelectric plant in Japan was 165 MW
plant on the Shinanogawa River. This plant supplied only 2.7 percent of annual
electrical consumption.

Japan was never able to increase the overall level of electrical system
expansion during the war. However, the U.S. electrical war economy grew at an
annual rate of 33 percent (compared to the Japanese electrical system growth of
only three percent per year). The Strategic Bombing Survey points out that "Japan ‘
could, with relative ease, have increased her production of kilowatt hours over the ,
1943 level—so far as the capability of her predominantly water-driven generation
system was concerned."63 However, supplies of nzcessary materials were ,
diverted to war effort, rather than increasing the size of the electrical system. ‘

In its formal conclusions, the Allied Bombing Survey stated:

Most of the power requirements of Japan, however, come from
hydro generating plants, which are so numerous, small and
inaccessible that their destruction would be impractical, if not
impossible. If .their supply could be eliminated or drastically
curtailed by some other means, electric power supply could be
reduced to a point where the shortage would assume economic
importance. It has been shown that neither the transmission
nor the distribution system is, of itself, vulnerable,"64

Vulnerability of Facilities Since World War II (1.6-4)

Since World War II, power plants and electrical facilities have become prime
targets.* During the Korean war, the United States made an early decision not to
bomb large hydroelectric dams along the Yalu River, but reversed the decision two
years later in ]952, As Bennett Ramberg points out, "the decision was
reversed...when negotiations deadlocked and destruction of the plants seemed
necessary to hasten the war's conclusion and to make more difficuit the repair work
the Communists were doing in small industrial establishments and railway
tunnels."63

| During the Vietnam war, the United States destroyed some electrical facilities,
) but this was never a major strategic commitment. As with Japan during World

! * In the early days of the Cold War, during the Berlin crisis (1948-49), the "Joint
{' Outline War Plan," recently declassified by the U.S., called for a potential bomber
4 strike against the Soviet Union with 150 neclear weapons. Code named "Trojan," the
‘ plan's top priority was elimination of Soviet refineries, especially those producing
aviation fuel, with the objective of eliminating fueling of the Soviet Armed
4 . Forces.




War II, most power plants in Vietnam were too small and scattered to be primary
targets. Decentralization of the electrical system preserved substantial capacity.

In the Middle East, during the 1973 war, Israeli warplanes bombed power
stations at Damascus and Homs, Syria, "to subdue Syrian military activity and to
deter other countries from entering the conflict."67

Power plants and oil refineries have been targeted, most recently during the
1980 war between Iran and Iraq. The Abadan oil refinery complex at Kharg Island
was bombed. This lesson in vulnerability affects the entire industrial world, as
critical oil supplies must pass through the narrow Straits of Hormuz currently
threatened by military actions.

Figure 1.6-568
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In fact, the Persian Gulf war may prove to be a threatening indicator to the
future, as most primary energy targets, ranging from refineries to key oil fields to
the Iraqi nuclear research center, Tuwaitha, were selected for bombing forays. The
September 30, 1980 attack on the French-built Osirak and Isis research reactors of
the Tuwaitha facility raised the spectre of radioactive fallout from conventional
bombing. Although officials of the Nuclear Regulatory Commission contend "that
there (is) very little risk that bombing a research reactor would ever cause a
significant fallout problem" a worst-case scenario allows for radioactive pollution to
spread at least a mile or two from the reactor.

"Bombs, presumably delivered by Iranian pilots, hit the research site about ten
miles from the center of Baghdad. They damaged an auxiliary building and forced
the French technicians working on the project to leave. The attack did not damage
the reactors, but it did shut the program down indefinitely."7°

The only missing element in this Middle East duel was the presence of
nuclear-tipped warheads.
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Nuclear Weapons and Their Effects (1.7)

With the advent of the bombing of Hiroshima, the scope of modern warfare
changed radically. After World War II, the subsequent development of the hydrogen
bomb and the spread of nuclear weapons technology to other superpowers has
expanded the modern battlefield to the entire industrial world. Improved missile
technology makes it possible to deliver nuclear warheads launched from submarines
to targets in a few minutes' time. Table 1.7-1 illustrates the current inventory of
strategic nuclear weapons in the arsenals of the Soviet Union and the United States.
These arsenals are divided into categories which include Intercontinental Ballistic
Missiles (ICBMs), Submarine-Launched Ballistic Missiles (SLBMs), Long-range
Bombers, and nuclear, missle-equipped submarines.

Table 1.7-171

U.S. AND SOVIET STRATEGIC NUCLEAR FOR.CES (1980 TOTALS) 3

System U.S. U.S.S.R. .
ICBMs 1054 1398
SLBMs 600 950
Long-range bombers 348 156

Nuclear-powered, ballistic
missile-equipped submarines 37 63

Total long-range bombers
and missiles 20352 2504

Total warheads on bombers
and missiles, official
U.S. estimates 9200%* 6000*

* | January, 1980

For the past several years, the Soviet Union has increased its production of
nuclear weapons and is reaching parity with the United States in terms of
intercontinental power. In terms of actual megatonnage, the Soviet Union is
somewhat ahead of the 1J.S. As one recent analysis summarized the arms race: .

For several years Russia has outreached the United States in
most measures of nuclear strength--megatons of explosure
power (I megaton = |1 million tons of TNT), numbers of missiles
and the total weight that can be lifed to the target. Only in
numbers of warheads has the United States remained ahead.




But even this last American advantage is rapidly disappearing
as the Russians deploy large numbers of independently
targetable reentry vehicles on their big new missiles. The -aw
warhead totals do not tell the whole tale anyway. A much
higher percentage of America's warheads are carried by
manner bombers and submarine launched missiles. The
bombers have a much smaller chance of getting through than
missiles do, and the submarine missiles are not only much less
accurate than the land-based ones—not accurate enough o
destroy the other side's missile silos—but also less readily
usable (only about half the American missile submarine fleet is
at sea and ready for action at any given time),

A nuclear attack on one of our highly concentrated industrial, military or
population centers would create massive damage, both in the short-run and
long-run. The first two effects of a nuclear detonation would occur within seconds
(and minutes) following the explosion. These effects are blast and thermal radiation.

Blast is overpressure which crushes buildings and other structures; it follows a
scale law, proportional to the cube root of the yield of the nuclear weapon. The
blast pressure wave is a function of the size of the bomb, height of the burst,
atmospheric conditions, and distance from the center of the burst. Figure 1.7-1
illustrates the effect of a one-megaton nuclear explosion over the city of Detroit at
a detonation altitude of 6,000 feet.

A detonation of this magnitude (one megaton explosion at 6-8,000 feet) would
create extensive blast damage between ground zero to six miles. The effects are
summarized in Table 1,7-2.

Thermal radiation or the heat from the nuclear explosion accounts for
approximately one-third of the energy released by the explosion. The heat wave
from the explosion precedes the blast wave by a few seconds; a one-magaton
explosion would cause flash-blindness up to 53 miles on a clear night. Such an
explosion can cause first-degree burns at distances up to seven miles, second-degree
burns (serious blisters and permanent scars) up to six miles away, and third-degree
burns (which destroy skin tissue) up to five miles away. According to the
Congressional Office of Technology Assessment: "Third-degree burns over 24
percent of the body, or second-degree burns over 30 percent of the body, will result
in serious shock, and will probably prove fatal unless prompt, specialized medical
care if available. The entire United States has facilities to treat 1,000 or 2,000
severe burn cases; a single nuclear weapon could produce more than 10,000."7

Thermal radiation, in addition to seriously wounding people in the critical
pathway of the explosion, will cause firestorms such as those experienced during
World War II in Hamburg, Dresden and Hiroshima with a resulting grave loss of life.
Along with thermal radiation, nuclear explosions create electromagnetic pulse
(EMP), an electromagnetic wave which results from secondary reactions occurring
when gamma radiation is absorbed in the air of ground. EMP creates a substantially

3l




| Figure 1.7-173
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: Table 1.7-27%

BLAST EFFECTS OF A 1 MT EXPLOSION 8,000 FT. ABOVE THE EARTH'S SURFACE

Distance from ground zero Peak Peak Wind
(stat. milest (hilometers) over pressure veloeity (mph) Typical hiast effects
3 1.3 20 pu (30] Remnforced concrete structyres are
leveled.

1.0 4.8 10 pst 290 Most factories and commerrial
bustdings are collapsed, Smalt
wood-{ramed and brick reqidences
destroved and distributed as
debris,

: 4 7.0 s pu 140 Lightiv constructed commercial
buildings and tvpiral residences
are destroved: heavier construc-

tion 1s severly damaged,

1.4 9.y 3pa L3 Ralts of tvpical steel-frame
huildings are blown awav; severe
damage to residences, Winds
sufficient to kitl people in the
apen.

1.6 18.6 1 psi 35 Mamage to structures: people en-
dangered hy ftying glass and
debris.

: higher electric field strength than an ordinary radio wave and disappears in a
fraction of a second. Although EMP is not necessarily dangerous to human life, it is
capable of destroying (or rendering inoperative) sensitive electronic equipment and
components of electrical energy systems. EMP can disrupt electrical grids by

: disrupting enough component parts and circuitry to cause the immediate failure of
entire electrical grid systems.

The third, and most long-lasting effect of a nuclear detonation, is radioactive
fallout. Fallout, or the radioactive particles caused by irradiation of material swept
up into the nuclear cloud, immediately falls near the explosion within a radius of ten
miles and is carried into the atmosphere within the mushroom cloud. Figure 1.7-2
illustrates the fallout "footprint" from the hypothetical Detroit (one-megaton)

: explosion. This illustration shows the effects accumulated over a one-week period.
! High radiation levels, capable of causing death and serious injury, extend up to 200
. miles from the blast center. Since radioactive materials have varying "decay" rates,
some of the more toxic materials will be somewhat neutralized within a period of
days and weeks. However, many of the radioactive materials will remain toxic for

" lengthy periods, increasing the incidence of cancer for generations.

{

-’ Substantial work has been performed by predecessor agencies of the Federal

. Emergency Management Agency (FEMA) (for example, the Office of Civil Defense -
i OCD, and the Defense Civil Preparedness Agency - DCPA) on the consequences of

! nuclear attacks on energy facilities.* Recently, the Office of Technology

* Some major reports include: (1) M. Stephens, "Minimizing Damage to Refineries
from Nuclear Attack, Natural and Other Disasters,” OCD Report, Office of Oil and
¢ Gas, U.S. Dept. of the Interior, Feb. 1970; (2) "Critical Industry Repair Analysis:
: Petroieum Industry,” OCD Report, Advance Research, Inc., Wellesley Hills, Mass.,
‘ 1964; (3) "Protecting Industrial Resources Against Nuclear Attack: Interim Report
}, of an Economic Analysis,” OCD Report, Institute for Defense Analysis, Arlington,
£ o Va., 1965.
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Figure 1.7-276

"FOOTPRINT" OF HYPOTHETICAL NUCLEAR ATTACK ON DETROIT
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' Assessment, working with DCPA, presented an analysis of a "limited" bombing
attack by the Soviet Union on selected U.S. industrial targets. OTA limited the
attacking force to ten Soviet ICBMs (SS-18 missiles carrying multiple independently
targetable reentry vehicles (MIRVs) with eight one-megaton warheads on each
missile). Petroieum refineries were selected for this reason:

Given the limitation of ten ICBMs, the most vulnerable
element of the U.S. economy was judged to be the energy
supply system. The number of components in the U.S. energy
system forces the selection of a system subset that is critical,
vulnerable to a small attack, and would require a long time to i
repair or replace. OTA and the contractor jointlv determined

that petroleum refining facilities most nearly met these i
criteria. The United States has about 300 major refineries.

Moreover, refineries are relatively vulnerable to damage from

nuclear blasts. The key production components are the

distillation units, cracking units, cooling towers... . St rage

tanks can be lifted from their foundations by similar effects,

suffering severe damage and loss of contents_and raising the

probabilities of secondary fires and explosions. 7

In this attack scenario, the eighty one-megaton weapons carried on the ten
S5-18 missiles are used to destroy 77 U.S. refineries having the largest capacity
(with the extra three warheads used to destroy the largest refineries within the
original attack "footprints"). If all of the weapons are air burst, and given the
proximity of refineries to large cities, over five million people are killed
immediately. If the weapons are ground burst, just over three million are killed.

In addition to destruction of the refineries, many ports would be heavily
damaged, thus crippling U.S. ability to import oil to make up for the loss of
domestic capacity. Further, other industries located near refineries would be
damaged or destroyed such as the petrochemical industry which is located near
refineries and uses oi}l for feedstock.

The OTA study concludes that even though a third of the nation's refining
capacity would survive this attack, "this does not means that everyone would get a
third of the petroleum they did before the war." Severe rationing would be imposed,
limiting most fuel to military, agricultural, railroad, police, and local government
v service use. "The demise of the petroleum industry would shatter the American

economy," the study emphasizes.

‘ Table 1.7-3 summarizes four potential war scenarios between the U.S. and
) Russia ranging from an attack on a single city (Detroit) to a full-scale war using
much of the available nuclear arsenals.
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Table 1.7-379

SUMMARY OF POPULATION AND TARGET DAMAGE

RESULTING FROM DIFFERENT CLASSES OF NUCLEAR ATTACKS

Description

Main cause of

civilian damage

Immediate deaths

Middle-term effects

Long-term effects

Attack on single city Blast, fire, & loss of 200,000 Many deaths from in- Realtively minor,
Detroit and Leningrad; infrastructure; fall- 2,000,000 juries; center of city
1 weapon or 10 small out is elsewhere difficult to rebuild.
weapons.
Attack on oil refiner- Blast, fire, secondary 1,000,000 - Many deaths from in- Cancer deaths in mil-
ies, limited to 10 fires, fallout. Ex- 5,000,000 juries; great economic lions only if attack
missles. tensive economic prob- hardship for some years: involves surface
lems from loss of re- particular problems bursts.
fined petroleum. for Soviet agriculture
and for U.S. socio-
economic organization.
Counterf~rce attack; Some blast damage if 1,000,000 - Economic impact of Cancer deaths and
incluces attark only bomber and missle sub- 20,000,000 deaths possible large genetic effects in mil-
on ICBM siles as a marine bases attacked. psychological impact. lions; further millions
variant. of effects outside at-
tacked countries.
Attack on range of Blast and fallout; 20,000,000 - Enormous economic de- Cancer deaths and
military and economic subsequent economic 160,000,000 struction and disrup- genetic damage in the
targets using large disruption; possible tior.. If immediate millions; relatively
fraction of existing lack of resources to deaths are in low insignificant in at-
arsenal. support surviving range, more tens of tacked areas, but quite
population or econo- millions may die sub- significant elsewhere
mic recovery. Possible sequently because in the world. Possi-
breakdown of social economy is unable to bility of ecological
order, Possible incapa- support them. Major damage,
citating psychological question about whether
trauma, economic viabiilty can
be restored--key var-
iables may be those of
political and economic
' organization, Unpre-
dictable psychological
' effects.
5
t
t
¥
)
)
!
‘\‘.
e
-
Y
2
!
iy
)
36

R




Defense Preparedness and Vulnerability (1.8)

Most national defense measures subscribe to the idea that the best defense is a
good offense. Many countries, including the U.S. and the Soviet Union have also
addressed national defense concerns with more passive measures. Civil defense
(CD) is one way to prepare for nuclear attack by providing populations with shelter
and basic human needs in order to reduce the loss of human life. Civil defense could
also contribute to the deterrent posture of a state by convincing its enemy that
unacceptable damage would not result from a first strike. On the other hand, CD
might also encourage provocation by decreasing vulnerability, the premise on which
the Mutually Assured Destruction (MAD) Doctrine is based.

In recent years, the civil defense capabilities of the U.S. and the U.S.S.R. have
received considerable attention. Studies show that during the late 1970s, the
U.S.S.R. spent about twenty times as much as the U.S, for an ambitious civil defense
program of shelter upgrading, evacuation planning and public education. It is
estimated that in the event of a large-scale nuclear exchange, with a one-week
period for population evacuation, the surviving population of the U.S.S.R. would
total 90 percent compared to a 40 percent survival rate for U.S. citizens, based on
current levels of civil defense preparedness.

Modern proponents of CD believe that improved CD served the same goal as
that set for U.S. strategic offensive forces, which is to "preclude enemy
dominiation" and to maximize the "political, economic and military power of the
U.S. relative to the enemy in a postwar period."81 Opponents feel that the value
of CD is negligible for both purposes. The difference between these viewpoints is
based in differences in assumptions.

The first set of views starts with a conviction that nuclear warheads are
weapons of total destruction, the use of which, once initiated, could not possibly be
limited or controlled and would make survival of nuclear conflict impossible and the
concepts of fighting and winning irrelevant.32 Those ascribing to this view follow
the doctrine of Mutually Assured Destruction, assuming that nuclear warfare able to
completely destroy the adversary's society would never take place.

The second view acknowiedges a nuclear revolution in warfare b:t sees the
basic laws of warfare as unchanged. Civil defense, therefore, rather than being
hopeless and irrelevant, may help the nation to survive and recover. This viewpoint
perceives the U.S. need for a national policy that reinforces deterrence. One such
defense strategy would be the implementation of an extensive CD program.

The divergence in assumptions regarding deterrence and civil defense kindles
the debate over several germane issues:

l. CD and Strategic Equation. Whether CD contributes to strategic equation
depends or: the perceptions of the actors with respect to the "winability" of war. If
CD is perceived to provide long-run protection of populations after an attack, CD,
and especially asymmetrical CD protection between adversaries, may encourage one
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state to launch a first strike. This view presumes that economic, social and political
recovery after a nuclear exchange is likely, and that unacceptable damage would not
result from attack. If nuclear war is always perceived as futile for both sides, CD is
a wasted effort toward strategic equation.

2. CD_and the Credibility of Deterrence. CD may increase deterrent
credibility if one state is convinced that the population of another is relatively
invulnerable to harm. Hence, asymmetrical CD gives an advantage to the state
better prepared to protect populations by providing an added deterrent to enemy
attack under the threat of counterattack. On the other hand, opponents argue that
CD does not play a significant role toward deterrent credibility due to the minimal
contribution CD makes toward actually protecting nations from the dramatic
effects of nuclear way.

3. CD_and Crisis Coercion. CD advocates posit that states are in better
bargaining positions during a crisis if populations are able to relocate. Hence,
without relocation capabilities, one state may be "held hostage" by enemy weapons.
Opponents believe CD capabilities would not enter into the negotiating process since v
unacceptable damage to both sides would occur should war break out.

4, CD and Crisis Stability. If one state begins an extensive evacuation of its L,
population from risk areas, another may perceive such action as preparation for an
attack and respond with its own preemptive strike. Conversely, evacuation may
allow time for negotiation and become a "side issue" under crisis conditions.

5. American Risk-Taking. Some CD opponents point out that a false sense
of security provided by high levels of CD could lead to American adverturism, and
resulting disaster. Opponents counter that CD is inefficacious and therefore cannot
provide a real, let alone false, sense of security. The role civil defense could, or
should, play is clearly beset with controversy as well as a plethora of uncertainties.

"In assessing the debate over CD vis-a-vis the strategic balance, it is essential
to keep in mind tht judgements cannot be made with certainty or even at a high
level of confidence, as to the factors or preceptions tht could enter into the calculus
of decision-nakers during a future crisis, and might tend either to deter or

. encourage escalation."82

Civil Defense: The Soviet Example (1.8-1)

. According to the Central Intelligence Agency's (CIA) 1978 report, the goals of
f Soviet civil defense ure to: "protect the leadership, essential workers, and others in
) priority order; to protect productivity; and tc sustain people and prepare for
economic recovery following an attack." The prime motivations for developing the
U.S.S.R. civil defense program stem from "the traditional Soviet emphasis on
) homeland defense, {the desire) to convince potential adversaries they cannot defeat
the Soviet Union, (the desire; to increase Soviet strength should war occur, (the
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desire) to help maintain the logistics base for continuing a war effort following the
nuclear attack, (the desire) to save people and resources, and (the desire) to promote
postattack recover y."8“

According to a Civil Defense Preparedness Agency study, the Soviet CD
capability is characterized by the following factors:

1.

2.

Soviet CD is a nationwide program under military control. The CD
organization consists of over 100,000 full-time personnel at all levels of
the Soviet government and economy.

The Soviets have made a sustained effort to provide blast shelters for
their leadership and essential personnel. Blast protection is available for
virtually all of the leadership at all levels, and for at least ten to twenty
percent of the urban population including essential workers.

Evacuation during a crisis would be the predominant means for reducing
urban casualties. It would take a week or more to evacuate urban areas
and to develop fallout shelters in rural areas which would then provide a
high leve! of protection for the evacuees.

Performance of Soviet CD would depend primarily on the time available
for evacuation and other preparations:

a. With several hours to make final preparations, a large percentage of
leaders and communications facilities would probably survive.

b. A large percent (75 to 90 percent) of the essential work force in
blast shelters would survive an attach designed to maximize damage
to economic facilities.

C. Given a week or more to complete urban evacuation, nuclear effects
and fallout could be reduced to the low tens of millions, about half
of which would be fatalities. (This suggests fatalities of five, ten,
or perhaps fifteen million, or around five percent of the Soviet
population.)

Soviet measures to protect the economy could not prevent massive
industrial damage. Some improvements ire expected in ability to protect
the economy, but a substantial decrease in vulnerability is unlikely.

The Soviets believe their present civil defenses would improve their
ability to conduct military operations and would enhance the U.S.S.R.'s
chances for survival following a nuclear exchange. The U.S. intelligence
community does not believe that the Soviets' present civil defenses would
embolden them_ deliberately to expose the U.S.S.R. to a higher risk of
nuclear attack.d
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Civil Defense: The U.S. Example (1.8-2) S

During the pre-detente period of the 1950s, U.S. civil defense policy was
characterized by evacuation plans based on tactical warning and bomber flight
times. These plans were abandoned, however, as the fear of nuclear warfare
diminished. "The United States had an overwhelming strategic superioritg over the
Soviet Union so that any attack could be met with devastating retaliation,"36

After the Cuban Missile Crisis of 1962, President Kennedy vigorously promoted
an expanded CD program under the rationale of "insurance" in an uncertain world in
case of an enemy miscalculation. (It had been discovered during the Cuban Crisis
that Miami and other cities in Florida could not have been evacuated in any
practical manner since no appropriate plans had been made.)

The heightened concern with civil defense enabled Kennedy to push the civil
defense budget to its all-time high in 1962 when Congress appropriated $207.6
million for the new office of Civil Defense plans for group fallout shelters. By the
late 1960s, however, annual appropriations for all Civil defense operations had
dropped to less than half of the 1962 appropriations.

During the 1960s, Soviet military strength grew. The race between the U.S. and
U.S.S.R. to develop nuclear arms intensified, resulting in the first Strategic Arms
Limitations Talks (SALT) in 1969. A full-scale nuclear war seemed unimaginable
during an era of mutually assured destruction and detente, and concern for civil
defense dwindled.

With the submission of a report to Congress in 1976, however, Defense
Secretary Donald Rumsfield warned that the growing asymmentry of Soviet and
American civil defense preparedness was weakening the credibility of U.S.
deterrence.87 Thus, from 1976 to 1978, the Carter Administration conducted
several studies on the U.S. civil defense preparedness programs.

The first was an intelligence community assessment of Soviet CD. The second
was a Department of Defense study on the feasibility, costs, anJ preformance of
alternative U.S. civil defense programs. The third was an interagency study
stemming from the other two studies. The third study also considered the strategic
elements of civil defense. These studies were the most exhaustive examinations of
civil defense that had ever been done and led to Presidential Decision (PD) 41.

PD 41 of September 1978 directed a new CD policy along the following lines:

l. CD should enhance survivability and improve the basis for recovery from
\ the reduce vulnerability to a Soviet attack. .
! 2. The program should enhance deterrence and reduce Soviet ability to ;
. coerce the U.S.
# 3, The new CD policy should not change our policy relying on strategic
. forces as the chief factor in maintaining deterrence.
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4. The Crisis Relocation Planning program was to be able to function during
times of international crisis and also during peacetime emergency.

As a policy statement, PD 41 did not include any program details nor budget
requirements. It simply listed civil defense options and suggested associated
requirements. One option was crisis relocation planning (CRP).

The federal implementing agency for CD programs, the Federal Emergency
Management Agency (FEMA), has determined that between blast shelter systems
and crisis relocation planning, the latter is "the only moderate-cost approach which
has high potential for survival"89

While a blast shelter system would provide residents with more immediate
protection, FEMA estimates that developing such a system would cost over $60
billion in an age of "fiscal restraint."?0 While evacuation requires more lead time
and better organization, the Agency states that relocation can be effective “given
the requisite planning and development of supporting systems and capabilities and
given about a week for moving and protecting the bulk of our population at
risk."

Despite the emphasis on CRP, it should be noted that in-place protection of the
population is maintained as a fall-back plan in case "time or circumstances don't
permit crisis relocation."?3 Perhaps one third of the Unites States' population has
available shelters in nearby large buildings. Others have a basement available that
would be a suitable shelter. The present plan for in-place protection rests on using
buildings and materials already in place rather than on constructing new blast
shelters. 9% Essentially, the plan provides for fallout protection since very few
biast-resistant structures exist.

Crisis Relocation Planning: Current Status (1.8-3)

The current emphasis of the U.S. civil defense program continues to remain on
Crisis Relocation Planning. It "is an effort to develop plans and related systems and
capabilities to relocate people from large U.S. cities and other possible risk areas,

*The best-financed civil defense system in the Western World is Switzerland's
system, which by 1980 had provided protected fallout shelter spaces for over six
million people, 90 percent of the Swiss population. According to the Swiss Office of
Civil Defense, mass evacuation approaches were excluded from federal planning at
an early point. Reasons given include: "Transportation of the people into the
receiving areas and an adequate supply could not be guaranteed under war
operations. Furthermore, such evacuation activities could hinder important general
defense actions. The uncertainty regarding time and duration of such evacuations
would render the operation especially difficult. Consequently, large scale transfers
of people in a modern war in this country are ineffective and even dangerous and
must be avoided. This is feasible on condition that each inhabitant is provided with
a shelter place at or near his domicile."92
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. during a crisis that could escalate to a nuclear attack on this country."?% Current
planning is being done by about 140 professional planners. Most of them are hired
under contract between the states and the federal government. The latter provides
all of the funding. Initial plans are to be completed in the late 1980s or shortly
therafter. Plans must be developed for 400 risk areas and over 1,500 host areas that
would receive evacuees if the plans were implemented. 6

The basic plans assume that two-thirds of the population live in high risk areas
in case of a nuclear war due to closeness to key military and economic targets.
Most of the population in risk areas is to be moved to host areas far enough away to
be safe from nuclear blast.?7 In order to keep the economy going, the most
essential activities are to be kept in operation in the risk areas throughout the
relocation period. Services such as fire and police protection for evacuated cities,
maintenance of food production and distribution, and keeping refineries and certain
other critical industries operational will be essential.

The plans will provide for the "key workers" to move with their families to
relatively nearby host areas and to commute into the risk areas on a shift basis. For
example, the "key workers" in an oil refinery would not be the entire work force, but
only enough to keep the facility in operation.

In the host areas, all economic activities would be kept in full operation, insofar
as possible.98 The plans call for most of the evacuated population to be
conducted in privately owned vehicles alihough some of the evacuated population
will move by other means. A public opinion sample done by the Defense Civil
Preparedness Agency (DCPA) in Octohter and November of 1978 revealed that 88
percent of the people questioned had a vehicle of their own to use. Two-thirds of
those lacking a car were certain neignbors, friends, and relatives would give them a
ride.?? People without their own transportation will be bused to host areas. In
densely populated areas, rail or air may also be used for transpor'tation.l
However, most families will be expected to move themselves to the host areas.

Initial reception of the evacuees is to be much like that for other disaster
victims such as those fleeing floods or hurricanes. The federal government is
conducting "Host Area Shelter Surveys" to identify buildings such as schools and
churches which are suitable to use as temporary shelters for evacuees. 101 Ag yet,
no plans exist for involuntary billeting of evacuees in private homes. However,
many people have indicated a willingness to accept evacuees in their homes.

Host area residents and evacuees are to improve existing structures for
protection from fallout. Relocation plans are to be provided for mobilization of all
available earvth-moving equipment. However, self-preservation is the great
motivating factor in making the shelter building plan work. The average American
family is expected to do a lot of its own digging.

Individual initiative and the private sector of the economy are to feed the
population. People will be asked to bring several day's worth of non-perishable food
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on their own. Several day's more supply of food is expected to be in the stores in |
the host areas. Food distributors are expected to change delivery patterns to stock 1
host areas.!03 4

It should be noted that some areas of the country present special planning
problems. In the Northeast, nearly four-fifths of the the people live in possible risk
areas, and the percentage is even higher in California. The federal government has
conducted special feasibility studies of crisis relocation for the Northeast and
California. These studies suggest that crisis relocation would be feasible, but that
traffic control, movement, and problems such as food distribution and shelter
construction would require a great deal of detailed work by planning
professionals.

Present CRP plans rest on three assumptions. One is that a large part of the
population will cooperate with evacuation orders and instructions. Another is that
key personnel will act in a relatively stable and supportive manner. The last
assumption is that sufficient warning time will be available to implement CRP.

Several conditions need to be met in order for the federal plans to be
successful. The first is that state and local governments must cooperate before the
emergency in preparing the implementation of their planned respective roles. The
second is that state and local governments have adequate plans for the emergency.
The third is that private business will be responsible for keeping the economy {
running during the emergency. Any one of these factors could affect CRP's :
effectiveness.

Crisis Relocation Planning is predicated on the assumption that the affected
population will cooperate with evacuation orders and instructions. Based on
wartime experience with CD in Britain and Germany and peacetime experience with
hurricanes in the United States, 80 percent of the population in risk areas is
expected to cooperate with relocation orders. Ten, twenty, or possibly thirty
percent are expected to not cooperate. Some people may evacuate on their own
initiative. Looting and other forms of antisocial behavior are not expected to be
major problems due to the assumption that "in a threat situation, human beings
realize almost instinctively that cooperative behavior is much more to their benefit
than conflict or struggle."105 In support of this contention, DCPA cites the case
of Hurricane Carla in 1961. Over one-haif million people were evacuated from the
A Gulf Coast with no fatalities or major accidents. Although the New York City

blackout was accompanied by considerable looting, DCPA argues that many people
helped each other and that the perceived danger was not great enough to make all
} act in a cooperative manner as would threat of nuclear attack.106

\ For effective enactment of the plans, key personnel will need to accept risks
and harsh conditions. These personnel include policemen, firemen, certain workers
in essential industries, and deliveries of food and essential provisions. Their
cooperation is critical to the success of the evacuation plans.

Sufficient warning time will be necessary to allow evacuation plans to be
implemented. Most of the population in high risk areas could be evacuated in three
days. New York City, Los Angeles, and San Francisco could take four days to
complete evacuation plans.
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In order for the federal plans to work, state and local governments must*

cooperate to carry out the role Washington expects of them, DCPA admits that if a
local government is reluctant or rejects the plan, the CD program's implementation
must wait until local authorities change their minds.

State plans are expected to provide for supplying food and other essentials to
the population and for supporting local government operations (for example, state
police are to assist local traffic control efforts). Local governments of host areas
are to provide traffic control and parking, temporary lodging and food, and fallout
shelters. Plans by local governments within risk areas are to provide for the initial
relocation move, commuting of evacuated essential workers to their jobs in risk
areas, and blast protection for those still in those areas. Maps and evacuation
instructions are to be prepared for risk area residents and ready for publication in
local newspapers in case evacuation becomes necessary.

The food redistribution plan depends almost entirely on present means of
commercial distribution. The costs for austere emergency rations and other supplies
for evacuees (for prestocking) at today's prices would be approximately a half billion
dollars. Thus, it is considered more cost effective to rely on adjusting the existing
food distribution sys'cem.l

In 1978, the Department of Defense allocated $230 million a year for FY's
1980-84 to fund a CD program adequate to insure a two-thirds survival rate with one
week notice of an attack.!lll The current projected CD budget is $100-110
million a year. Funds are not available to rehearse evacuation plans "or for
improving current marginal capabilities in such areas as Direction and Control,
Warning, Communications, Radiological Defense, Emergency Public Information,
and ‘I'raining."112 "Paper plans only" insure no more than a 50 percent, survival
rate. DCPA has indicated that a 50 percent survival rate does not affect the
strategic balance and does not enhance U.S. ability to resist coercion.

War Einergency Plan: The California Example (1.8-4)

The basis of California's CD planning is the War Emergency Plan, which was
published in 1970 and is currently being revised to cover crisis relocation. It is
based on the assumption that adequate planning and warning can limit civilian
casualties.! 1% The plan elaborates a State War Emergency Organization and
assigns tasks to each element. Provisions are made for a Direction and Control
Group, Staff Sections, Emergency Resources Management, and Emergency
Services.!153  Also provided for are sub-state level regional organizations for
wartime. State Mutual Aid Regions consist of several counties. Within each Region
are (County) Operational Area Organizations and within each of these are City and
County (i.e. unincorporated areas) Organizations. These organizations are all given
specific responsibilities.116 Additionally, manpower from each department of the
State government has been assigned an emergency service or system. For example,
the California ~ .ghway Patrol is assigned to the Law Enforcement Service. The
Military Department is assigned to both the Welfare and Law Enforcement
Ser vices.
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The provisions of California's War Emergency Plan are being expanded under a
Nuclear Civil Protection Planning contract with the Federal Emergency
Management Agency (FEMA). In addition to the 1970 version plan with provisions
for Fire and Rescue, Law Enforcement, Medical and Health, and Reception and
Care/Emergency Welfare, the 1980 plan increases these emergency services to
include Movement Operations and Shelter Development/Engineering plans.!!

Parts of the plan delineate specific time 4>eriods such as Preparedness Period
(Increased Readiness and Crisis Relocation)!!9 and Attack and Early Post-Attack
Periods.l20  Another part of the plan includes System and Support Annexes.
These annexes include Direction and Control, Movement Operations, Reception and
Care, Law and Order, Fire and Rescue, Medical and Health, Shelter Development,
Economic Considerations and Controls, and Resources Management. The Resources
Management Annex has completed appendices entitled Construction/Engineering,
Health, Housing, Industrial Production, Manpower, Supply/Procurement,
Telecommunications, and Utilities.

As of May 1980, parts of the California plan remain incomplete. These are the
Food, Fuel, and Transportation Appendices. Their impact on other parts of the plan
is apparent when it is remembered that the purpose of the Resources Management
Annex is to "(o)versee...distribution and/or redistribution of food and other essential
supplies." and to (a)rrange for transportation to meet essential needs."l122 The
importance of the missing appendices is underscored when it is recalled that the
shortage of materials for fallout shelters in host areas is assumed to be solvable by
diversion of materials from other areas.!123 The missing appendix for food
resources management is especially critical since the federal government expects
this responsibility to be assumed by the state governments.

The Riverside County Operational Area General Plan for Nuclear Civil
Protection basically follows the guidelines of the California State NCP. Specific
plans have been elaborated for various kinds of operations (i.e. Increased Readiness,
Crisis Relocation, and Attack Operations). Systems or functional plans are
organized as annexes (i.e. Direction and Control, Law and Order, Medical and
Health, Reception and Care, and Resources and Support).lzl‘

Essential to the workings of the plan are several supporting documents. The
Riverside County Operational Data Manual "provides essential information regarding
the resources available within the county, as well as those that would have to be
provided by outside sources, all of which would be required to effectively conduct
emergency operations."125 There are several special purpose plans that are
published separately from the General Plan as support documents (i.e. Crisis
Relocation, Crisis Relocation Movement Control, Emergency Public Information,
and Fallout Shelter Development),126

The smallest unit of analysis for CD planning in Riverside County is the local
planning zone. Some zones, for example, Zone 1] - City of Riverside, have plans for
evacuation.127 Others, for example, Zone 66 - City of Indio, have plans to serve
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as host areas.l28 The degree of risk of nuclear attack to the local area has been
the deciding factor in determining whether or not a city is to be evacuated or to
serve as a host area.

An examination of state, county, and city plans reveals certain problems in
their preparation. These inciude:

1. There is a lack of planning in the key areas of food, fuel, and
transportation.

2, Preliminary studies indicate certain communications weaknesses,

3.  Crisis Relocation Planning must confront problems inherent in dealing
with unknown quantities.

4. Planning is based on the assumption that enough time will be available
during a crisis to alleviate deficiencies in preparation.

The ommission in state planning for food, fuel, and transportation seriously
affect Riverside County's CD preparations. County emergency planners expect
local government emergency planners to stockpile food in shelters for immediate
needs; the state is expected to redirect food supplies commensurate with local
needs.!129 The county's Movement Control Plan calls for vehicles to be refueled
by gas truck. Although the refueling point is identified in the plan, it is not clear
who is responsible for providing the gas trucks. According to the state officials,
California's War Emergency Plan is in its third year of development and it is hoped
that the key problem areas noted above will be addressed by the end of Fiscal Year
1981.

It is estimated that Riverside County will need shelters for 1,197,000 people
who will be relocated from Los Angeles and San Diego Counties. Riverside County
lacks sufficient resources for shelter construction and must get them from
evacuated areas.!30 These requirements for resources cannot be met until state
plans are completed.

Communications problems could adversely affect execution of the plans for
orderly evacuation, law enforcement, and traffic control. Many of the county police
departments’ radio sets lack frequencies compatible with other departments.
Current glans call for using police units from evacuated areas in other parts of the
county.l 2 Until the problem of compatible radio frequencies is solved, police
operations in support of evacuation will be hindered.

The author of the county's Crisis Relocation Movement Plan admits that
planning for evacuation is an uncertain process. A planner cannot be certain of the
number of people who will respond to orders to evacuate in a crisis, the number of
vehicles they will use, the number of people who will evacuate "spontaneousl;" (i.e.
without government orders), and the exact destination evacuees will choose.13




Nl

Some critical tasks may not be accomplished until it is too late. Many actions
necessary to carry out CD plans are not scheduled to be accomplished until
increased readiness is announced. This includes preparations for the stockpiling of
shelters13% and preparation of signs needed to control crisis traffic
movement.135 None of the mentioned local plans have any specific time for
review and update before announcement of increaseed readiness. U.S. "high-risk"
areas, e.g., those likely to be bombed in nuclear war, are shown in Figure 1.8-1.
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Conclusions (1.9)

The emergency issue of vulnerability of energy systems is recognized by the
U.S. Office of Technology Assessment of the former Defense Civil Preparedness
Agency (now the Federal Emergency Management Agency). The "industrial attack"
option in a U.S, -Soviet Union nuclear exchange is assumed to be that petroleum
facilities will be targeted.*

At this point in U.S. history, understanding the problem of energy vulnerability
is at a general state. Most studies and official reports consider the primary effects
of nuclear targeting on some facilities, but little work has addressed sub-system
components and other scenarios for widespread damage for the U.S. economy
through massive distruptions in conventional supplies of electricity and fuels. In this
first section. we have outlined historic lessons in energy targeting, provided an
overview of centralized systems, focused on vulnerability of these systems to
sabotage and disruption, and discussed civil defense planning for contingencies.

In the following section, a more detailed survey and discussion of centralized
U.S. energy systems is given, including future courses for electricity and synthetic
fuels development.

*To comply with the mandate cf the recently enacted Energy Security Act, it has
been estimated that approximately forty synthetic fuel plants, each with a capacity
of 50,000 barrels per day, will be required. Although these plants may not be
considered prime strategic targets in an all out nuclear exchange, they are very
attractive secondary targets. Also due to their highly centralized nature, they may
well be prime targets for terrorist attacks.

In World War [i, the Allies destroyed over 90 percent of the German synthetic fuel
industry. To destroy 90 percent of the newly proposed U.S. synthetic fuel industry
(representing an initial investment of over $80 billion) would require an extremely
minimal fraction of the Soviet targeting capability, much less than one percent of
the Soviet nuclear arsenal.
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ENERGY: EXISTING SYSTEMS AND TRENDS (2.0)

Introduction and Overview (2.1)

The energy system in the United States today is highly centralized. Production
of electricity for consumer use depends on an increasingly centralized system of
large generating plants, which in turn depend on other centralized systems of fuel
production, transportation, refining, and storage. Fuel deliveries to the consumer
rely on similarly centralized systems of production, transportation, and storage.

The terms "centralized" and "decentralized" are not readily quantifiable terms,
nor are the related concepts of "large-scale" and "small-scale." Generally,
centralized power is the dependence of an energy system on a relatively small
number of large components. This definition can be applied accurately to each of
the various subsystems such as transportation which make up the U.S. energy
system. As electrical generatinF plant sizes and their service areas increase, a
centralized dependency emerges.

A second important characteristic of our energy system is its energy-
intensity. In every stage of its operation, today's energy system requires substantial
energy to maintain itself. For example, four percent of each barrel of oil produced
is consumed in the refinery operation.

Converting energy from one form into another involves not only irreversible
entropic losses but often is accompained by rejection of large amounts of waste heat
to either atmospheric or water coolant systems. For example, converting oil into
electricity by first burning it in a boiler to heat water to make steam to rotate a
turbine usually results in a loss of about two-thirds of the intital energy introduced
into the system. Most conventional electric utility power plants require about
10,000 Btus of fuel energy to produce one kilowatt-hour of electricity, whereas if
the process where 100 percent efficient, it would require only 3,413 Btus.

These limitations on thermodynamic efficiency are especially significant
because approximately 30 percent of all basic energy inputs in the U.S. are used for
the generation of electricity. The equivalent of abhout 1.6 million barrels of oil per
day are used for electricity generation. 1.l million are irretrievably lost due to
thermodynamic inefficiencies, energy conversion processes and waste heat
rejection. This Joss is an amount equal to about seventeen percent of all oil imports
to this country.

U.S. reliance on centralized energy systems has evolved over the last one
hundred years. Aside from human and animal labor, wood was the primary source of
energy in America until after the Civil War. From 1850 to 1865, when coal began to
replace overcut forest, wood produced between 80 and 90 percent of the nation's
energy requirements.
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The introduction of coal into the American economy in the 19th Century was
not the first time this energy source had been used on the continen:. The Hopi
Indian tribe mined coal in what is now Arizona in 1000 A.D. By the time the
Spaniards reached the area, more than 100,000 tons (90.7 million kg) had been
mined. The European pioneers had an abundance of wood availabie to them and coal
was unnecessary until they had decimated the forests in the mid-19th Century.
Between 1850 and 1861, as the new iron and steel industries grew and coal replaced
wood for boiler fuel, the consumption of coal tripled. By 1885, coal surpassed wood
in overall fuel use in the U.S. Coal supplied 65 percent of U.S. energy needs in 1895,
and remained the dominant fuel well into the 20th Century.5

Liquid fuels such as kerosene and petroleum were an important addition to the j
U.S. energy supply. Both were developed as cheap substitutes for whale oil, a
common Jamp fuel grown increasingly scarce. Coal oil, or kerosene, was a liquid
fuel made from coal by processes invented in England. By the 1850s there were 50
to 60 kerosene plants making lamp fuel on the east coast.

Edwin Drake drilled America's first oil well in 1859, in Pennsylvania; wells
produced more than 500,000 gallons (109 million liters) of this "kerosine" (the
spelling was changed to differentiate it from coal oil) the next year. The production
of oil quadrupled within a decade.

By the beginning of the 20th Century, energy consumption in America had
increased substantially, following the changing character of the U.S. economy.
Small towns and villages grew into cities. Industries from food processing to railway
car manufacturing became mechanized. The most dramatic change in the American
economy came with the invention of the automboile, which altered the entire =
pattern of land use as well as fue)] consumption in America. The first workable
gasoline engine, fueled by what was then considered a "useless" by-product of
kerosine refining, was developed in Germany in 1877 by Nikolaus Otto. His engine

became the mode! for production of all internal combustion engines, and was first R
used a decade later in the Benz automobile. In 1903, Henry Ford introduced the -~
gasoline-powered automobile, and set up the first assembly lines of the Ford Motor
Company. In the same year the Wright brothers, using a gasoline engine, fulfilled an ";H
, age-old dream of flying. o
There were 8,000 automobiles in the U.S. in 1900; by 1908 this number had -]H
increased to 194,000. Within three years, Americans purchased 600,000 of the new i
e mac?gines. By 1930, there were more than 23 million vehicles registered in the -
f u.S.
’ 1
By the early part of the 20th Century, electricity had become an essential part -
' of American life. It made possible the mass production of appliances, which in turn |
)" required electric power to operate. To meet this growing demand larger power
h stations with higher efficiencies were built. The resulting lower costs to the
4 consumer further stimulated the use and growth of electric power. Smce the

beginning of World War I total electric power demand has doubled every decade.’
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In the 20th Century, energy-consuming technology has become integral to the
operation of households, factories, and farms. Electrical use by the American public
since World War II has more than sextupled, and electricity now accounts for about
one-fourth of the nation's energy use. From 1940 to 1971, annual consumption more
than tripled--and while the U.S. exported 36 million barrels of oil in 1940, it had to
import more than 64 times that amount (2.3 billion barrels) 39 years later. In this
same period, natural gas consumption rose from 2.6 trillion cubic feet (73 billion
cubic meters) per year to more than 19 trillion cubic feet (.603 trillion cubic meters)
and liquid natural gas (LNG) consumption soared from 2.2 billion gallons (8.3 billion
liters) to 24.8 billion gallons (93.9 billion liters).3

The federal government has been very involved in energy and mineral resource
issues. As early as the Mining Act of 1866, which declared public lands to be "free
and open" for mining, national legislation has encouraged the exploitation (mining
and drilling) of minerals and energy resources, including oil, coal, and uranium. The
Mineral Leasing Act of 1920 established the contemporary policies of issuing
prospecting permits and leases for exploitation of energy and minerals on public
lands.

In 1913 the first federal income tax law permitted "extractive industries" such
as the oil industry, an exemption of five percent of their gross income taxes to
compensate for the depletion of the resources. Until quite recently, this "depletion
allowance" policy remained unquestioned.

The federal government has regulated the price of electricity and natural gas
since the establishment of the Federal Power Commission in 1920. In the 1930s the
government established the Tennessee Valley Authority (TVA) and the Bonneville
Power Administration (BPA), agencies charged with buiiding electrical generation
facilities in addition to providing electricity. The Rural clectrification
Administration (REA), was responsible for providing electrical service to the rural
regions of the United States.

The federal government has regulated the energy industries to some extent
through the Justice Department and the Securities and Exchange Commission. Due
to violations of Anti-trust laws, the major oil companies (especially Standard Oil
Company of New Jersey) were divided into competing companies.

The history of America in this century could be told largely in terms of the
increasing use of energy, mineral, and other material resources. The largest jump in
consumption was made with the Second World War. The United States was a major
supplier of oil and oil-based products to Allied forces, Efforts to meet the war's
energy needs initiated the construction of many new oil wells, production facilities,
industrial plants, and new synthetic rubber plants. During the war, a scientific team
led by Dr. Enrico Fermi built the world's first nuclear reactor. which led to the
production of the atomic bomb and to the demonstration of nuclear fission power.




The economic boom following the war coupled with the country's new
technological base, expanded U.S. energy use tremendously. Energy-consuming
"mechanical" heating and cooling technologies became standard equipment for
homes and buildings. The post-war development of the interstate highway
system--history's largest public works project--and the popularity of the private
automobile helped determine a transportation future linked to petroleum. Every use
accelerated as the nation turned from rail transport to highway transport to move
freight. Between 1946 and 1968, the U.S. population increased 43 percent, yet
electric power consumption increased 276 percent, and motor fuel consumption
increased 100 percent. In the past 30 years, changes in transportation. industry,
agriculture, and housing have led to very high energy demands.
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Conventional Snergy Systems (2.2)

The development of centralized energy systems in the U.S. economy occurred
during a period when less-centralized energy sources such as hydro-power,
windmills, and wood-fired processes were not capable of providing the vast amount
of energy required by a rapidly industrializing society. The lack of precision in
prime movers and early power machinery favored use of large amounts of fossil fuel
for transportation and power processes. The energy could not be readily supplied by
locally-available hydropower and biotass fuels.

This section describes in some detail the components of modern liquid and solid
fuel systems, as well as electric utility systems. Conventicnal energy systems for
petroleum, natural gas, coal, nuclear, and electric plants are summarized and future
paths are indicated, illustrating the degree of dispersal and decentralization in these
systems (synfuels, future power plants, etc.).

From a strategic energy perspective, understanding the possibilities for
dispersal within the larger systems is a significant first step towards designing
alternative approaches and for downsizing units for use in communitv-based systems.

Petroieum (2.2-1)

Almost 74 percent of the energy supply in the United States in 1979 came from
oil and natural gas.lo U.S. d~pendence on petroleum and gas has grown on the
strength of three basic qualitiec of these fuels: (1) as resources they have been
readily available; (2) they are ve-v concentrated energy sources; and (3) they are
easily transported.

Petroleum is America's premier fuel. It fuels transportation, converts to
electricity, heats homes, powers industry and is also an important raw material in
petrochemicals. A host of essential products are made from petroleum. including
fertilizers, pesticides, medicines, industrial chemicals. and lubricants.

The technology for all fossil fuels begins with exploration, an expensive and
time-consuming process based on trial and error. Suspected reserves of oil. gas, or
coal can be confirmed only by actual drilling. More than one-fourth of the entire
land area of the United States is now under {ease for oil and gas explorc‘i‘tion.l !

The sites for energy consumption tend to remain constant because they are
based on factors such as population, weather. industrial activity, and location of
other resources. The sites for energy supply however, may change over a period as
short as several years. America's current major energy supply region. the Gulf
Coast areca, has apparently reached its peak as a supplier of oil and natural gas, and
is rapidly becoming a major ener§y consumer because of its concentration of
refineries and shipping facilities. ! Major new sources of domestic crude oil
appear to be in Alaska and on the Atlantic ard Pazific Outer Continental Shelves.
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Extraction of petroleum is complicated by great variations in the configuration
of deposits and the surrounding geology. Early oil wells were easily tappea by
drilling to a pool relatively near the surface. Today secondary and tertiary recovery
methods are being applied to oil fields which have been drilled a first time. These
methods include injection of water or gas under high pressure into additional wells
to force the oil toward the producing holes, or the use of detergents, solvents, or
underground combustion to loosen the oil from rock.

American oil wells pump about 8.5 million barrels of oil per day which supplies
approximately 43 percent of what the U.S. needs. U.S. domestic production has
fallen 9.6 percent from its peak in the early 1970s. In 1979, U.S. domestic
production of crude oil totaled 3.1 billion barrels; imports were up to 2.3 billion
barrels that same year, equalling a total consumption of 6.4 billion barrels.

Estimates of future availability of oil vary widely. Figures used by geologists
are reserve figures. The U.S. Geological Survey defines a reserve as "that portion of
the identified resource from which a usable mineral and energy commodity can be
economically and legally extracted at the time of determination."l4 The United
States is known to have 35.3 billion barrels of petroleum reserves, or about five
percent of the known total world reserve of oil. 15 In addition, geologists estimate
the quantity of undiscovered resources which may exist. An undiscovered resource
is defined as an "unspecified body of mineral-bearing material surmised to exist on
the basis of broad geologic knowledge and theory; in other words, a guess at
probable supplies based on geological data."l6 Estimates of U.S undiscovered
recoverable petroleum resources range from 55 billion barrels to 456 billion barrels.
At the current (and constant) rates of consumption of six billion barrels per year,
the U.S. domestic oil supply is predicted to last between one and seven decades.

As can be seen in Table 2.2-1, Texas remains the nation's largest producer of
crude petroleum with more than a billion barrels in 1979. Alaska produced about
! half as much that same year, with Louisiana running third in terms of production.
California, Wyoming, and New Mexico are major oil producers.” Table 2.2-1 also
evidences the decline in American production. Production steadily decreased
through 1977, but began to rise in 1978.

The United States now imports 6.4 mill‘on barrels of oil daily (36 percent) to
help meet national consumption of 17.8 million barrels per day.18 The U.S.
Department of Energy expects this trend to continue until Alaskan oil makes a more
substantial contribution to U.S. supply. The total-amount of Alaskan oil that we can

» expect to recover has been estimated by the U.S. Geological Survey to be eleven
, billion barrels.!9 If Alaska were our sole source of oil, and we used it at current
12 consumption rates--without allowing for increases--the U.S. would deplete the

Alaskan resource in less than two years. America's offshore resources are estimated
b at six billion barrels, about one year's supply of oil at the current rate of
. consumption.




.

Table 2.2-121

U.S. CRUDE OIL PRODUCTION

(THOUSANDS OF BARRELYS)

1973 1979
Alaska 77.323 511,538
California 336,075 352,465
Louisiana 831,529 494,462
New Mexico 100,986 79.379
Texas 1,294,671 1,013,255
Wyoming 141,914 124,553
Other _ 578,405 538,901
TOTAL 3,360,903 3,114,553
The international sources of aoil will assume even greater (mportance as

domestic sources are depleted in coming vears. At present, U.S. oil reserves
represent about 7.2 percent of the world's recoverable reserves. The Soviet Union's
oil reserves represent [4.3 percent of the world's petroleum reserves.22  More
than one-half of the recoverable oil in the world is concentrate:! in the region of the

Persian Gulf.

Contributions of foreign petroleum to the U.S. energy system come from many
sources. and enter the svstem through ports throughout the country where it is
distributed to the industrial Northeast bv pipeline. The U.S. imports a major portion
from the Middle East, including Iraq, Saudi Arabia. the Arab Emirates. Kuwait,
Qatar. Oman, Bahrain, Turkey and Yemen.

The U.S. also receives substantial imports from South America. principally from
Venezuela. We receive almost as much from Africa and the Caribbean, principally
Trinidad-Tobago and the Netherlands-Antilles. The United States also imports
petroleum from Europe including the Netherlands, Spain. Italy. Romania, West
Germany. the (LS.S.R., England. Belgium, Finland. France. Greece, Portugal and
Denmark, as well as Asta, (principally from Indonesia) and lesser amounts from
Canada, Central America and Australia.

In addition,  the United States imports refined petroleum product525
principally  residual fuel ol and  boiler fuel--from Caribbean and European
refineries. In 1979 we imported from all sources a total of 730 million barrels of
refined petroleum products,
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As a hedge against the vagaries of world oil politics, U.S. energy planners are
determining ways to increase domestic production. Aside from the production of oil
from known reserves, a number of existing methods (and some proposed methods)
have been advocated for producing oil from deposits not heretofore considered
economically recoverable.

1« hniques known as "secondary" and "tertiary” recovery methods recover
adest,onal ol from old, near-depleted wells. In the early days of oil drilling, gas and
water pressure alone forced oil to the surface. In the 1930s oil producers began to
use 4 secondary recovery process called water flooding, which pumped water into
one well to force oil out of adjacent wells. This technique enabled a recovery rate
in excess of the usual twenty percent. Today, about half of the nation's oil is
produced using secondary techniques, and the average yield has risen to 34 percent
of an oil field's resource total.

The oil industry first attempted teritary processing in 1952. Tertiary processes
are a variation on the water flooding techniques, substituting various chemicals for
water. The techniques have never proven economical and today only a few thousand
barrels per day are produced in pilot plants.

Several new techniques for teritary oil recovery have been developed, including
the injection of various gases, steam, carbon dioxide, and exotic chemicals.
Successful tertiary techniques could add between 30 ard 60 billion barrels to
potential US. reserves, assuming that .oday's recovery rates can be raised seven to
thirteen percent.26 A basic limitation of all schemes to increase oil recovery by
these techniques is the energy required to recover the oil. If the additional
investment in energy and materials necessary for tertiary recovery is higher than
the energy return from the oil or gas recovered, then there will be a net energy loss.

Almost all of the petroleum used in the United States requires transportation at
one time or another. Of the 4.43 billion barrels of crude oil consumed by the U.S. in
1974, all but &5 million barrels were moved through the national energy
transportation system.

Whether from sites of domestic production or points of importation, crude oil is
transported to refineries as the next step in the petroleum fue! cycle. Once refined,
it is transported to markets in much the same manner by pipeline, water carriers
{tankers), motor carriers (trucks), or railroad tank cars.

Most domestic crude oil moves by pipelines. According to the Bureau of Mines,
the U.S. has 60,800 miles (97,827.2 km) of crude trunk pipelines as of January 1,
1974, In addition, there were 36,5000 miles (58.728 km) of gathering pipelines
bringing crude oil from individual wells and fields to common points for storage,
refining, or trunk pipeline transport.27 Figure 2.2-1 illustrates the total
petroleum movement network for the continental U.S.

Water transport of crude oil has declined because of competition from motor
carriers by still accounts for about thirteen and one-half percent of total
transportation. Motor carriers moved about eleven percent of U.S. crude oil in
1974; railroads moved less than half of one percent.28
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Crude oil is rarely used in its uriginal form; it is almost always refined to some
extent. Like oil production, oil refining is centered in the Gulf Coast region. In
1979, about 38 percent of the U.S.'s 5.6 billion barrels of petroteum products were
refined there, mostly in Texas (i.463 billion barrels). The Great Lakes and Middle
Atlantic regions account for another nineteen percent. Most other states do at least
some refining.30

Table 2.2-2 shows the typical range of products refined from one barrel of oil.
Refineries do vary the composition of products seasonally to some extent: for
example greater concentrations of gasoline are refined in the summer for vacation
travel.

Table 2.2-232

WHAT A REFINERY DOES WITH AN AVERAGE BARREL
OF CRUDE PETROLEUM

Product Percentage of Oil
Gasoline 39
Distillate oils (diesel fuel & heating oil) 18
Residual fuel oil (for industry & power plants) 14
Lubricating oil, asphalt, petrochemicals 11
Propane, butane, and other gas products 8
Jet fuel 6
Consumed in refinery operation 4

The distribution of refined petroleum products from the Gulf States to the
Southeastern and North Central States is by pipeline, to New England by water. to
Florida by water, to California by pipeline, and within California by truck.
Interstate and regional movement of petroleum products is principally by truck.33

The basic movement of all netroleum is north and east from the Gulf region
toward industrial and population centers. Petroleum contributed 47 perzent oi the
total U.S. energy supply in 1979, including imports and domestic production.”
Imported petroleum is particularly important to the Northeast, because of its lack
of indigenous resources, and the Gulf region. where it is substituted for declining
domestic supplies.

Within the United States, California and New York are the two greatest
coosumers of refined petroleum, followed by Texas. Pennsylvania. and lllinois.
These same states, plus Ohio, also consume the most gasoline. The greatest
quantity of distilled fuel oil, used predominantly for home heating, is consumed by
New York, Pennsylvania. New Jersey, Massachusetts, and Texas. New York,
California, and Florida lead the nation in consumption of residual fuel oil which is
used to fire boilers. The same t-ends are apparent for jet fuel, asphalt, liquid
petroleum gas (LPG) and ethane. Rural states such as Missouri, fowa, and Indiana,
where LPG and ethane are umportant in supplying epergy to many farms. are also
major consumers of these fuels.3
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Figure 2.2-129

TOTAL PETROLEUM MOVEMENT MAP
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Natural Gas (2.2-2)

Clean-burning natural gas, once regarded as a nuisance by-product of oil wells,
is now an important residential, commercial, and industrial fue!, as well as a favored
fuel for electrical generation. Since 1900, consumption of natural gas has grown
steadily (see Figure 2.2-2) outdistancing coal and falling just short of petroleum.
Natural gas now supplies nearly 25 percent of overall energy demand in the
Uu.s.36 A major reason for its popularity may be its relative lack of polluting
emissions when burned.

The estimates of undiscovered domestic natural gas resources are as disparate
as the estimates of oil resources. Estimates range from a maximum of 2,000 trillion
cubic feet (52.5 trillion cubic meters) of gas to a minimum of 374 trillion cubic feet
(10 trillion cubic meters). The total natural gas reserves in the U.S. in 1978,
according to the Energy Information Administration (EIA) of the DOE, were 200
tritlion cubic feet (5.5 trillion cubic meters). According to the EIA, current annual
consumption is over 19 trillion cubic feet of gas per year. which leaves less than
eleven years of proven gas reserves.38 It is estimated that 26.2 percent of the
world's total remaining natural gas reserves are located in the Persian Gulf. Only
the Soviet Union has more estimated future gas reserves with 31.8 percent of the
world's total. Domestic natural gas equals only 9.3 percent of the world's total.

The 1976 Department of Energy estimates suggest that Alaskan gas might
supply somewhat more than one trillion cubic feet (30 hillion cubic meters) before
1985, and imports of gas (shipped to the UJ.S. in liquified, cryogenic container-ships)
might supply two trillion cubic feet by that year. This projected supply comprises
thirteen percent of current U.S. consumption of natural gas in one year.

Natural depressurization of an underground reservoir forces gas upward through
producing wells. Because of natural underpressurization or gradual loss of natural
pressure, a large fraction of the available gas at most wells must be used to pump
the remainder out of the ground.

Texas and Louisiana supply most of the natural gas to the rest of the United
States. Together the two states produced 70 percent of the total national marketed
production in 1978. Texas and Louisiana are also first and second, respectively, in
consumption of natural gas. Oklahoma, Kansas and New Mexico contributed
nineteen percent of total national gas supply in 1978. These five states continue to
produce about 90 percent and consume 40 percent 6f national supply.‘“

Domestic U.S. production of natural gas is greater than domestic production of
petroleum. Domestic production of both peaked and began to decline in the early
1970s. This decline has resulted in increasing curtailments of interstate natural gas
commerce, though there is still substantial interstate commerce in producing
states.

To compensate, the United States is beginning to import liquified natural gas
(LNG) and gasify domestic coal. Liquification of natural gas enables it to be stored
and shipped compactly and in very large quantities. Natural gas liquifies when it is
chilled to -1620C (-2599F), This reduces its volume more than 600 times,
meaning
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that one tank of LNG contains about 600 times the amount of energy contained in a
tank of regular natural gas. This tremendous concentration, plus the fact that LNG
vaporizes_ on contact with air, means that is must be shipped with extreme
caution.

Most LNG comes to the U.S. in supertankers from Algeria, the principal
exporter of LNG. Libya and Indonesia are also major exporters.“‘ Tankers
carrying LNG are of highly specialized design. Sphericaj tanks or "membrane" tanks
carry the LNG within the hull of the ship. Because of economies of scale, the size
of these tankers has grown over the years, until they are now up to 1,000 feet (304.8
metters) long with cargo tanks up to 100 feet (30.5 meters) tall. Such tankers cost
approximately $200 million apiece. The world fleet of these ships is estimated at 79
vessels. Their standard cargo capacity is 125-130,000 cubic meters; ships with a
capacity of 200,000 cubic meters are now on the drawing board. The standard cargo
capacity is enough to heat 2.5 million homes on a 229F (-5.60C.) day or to
provide electricity for a city of 85,000 people for one year.“‘5

The United States has one export terminal at Kenai, Alaska where LNG is
distributed to the lower 48 states. Two other Alaskan terminals are planned, at
Cook Inlet and Point Gravina. Various gas companies maintain import terminals at
Eiba Island, Georgia; Cove Point, Maryland; and Everett, Massachusetts. There are
proposals for more import terminals at Point Conception, California; Lake Charles,
Louisana; West Deptford, New Jersey; Staten Island, New York; Newport, Oregon;
Providence, Rhode Island; and FPort O'Conner and Ingleside, Texas.

Once imported, LNG is stored at either large "peak-shaving" stations or small
satellite stations. Peak-shaving plants store LNG that gas companies buy at low
summer rates and then resell at times of peak winter demand. There are now 63
such plants in the United States.”7 Peak- shaving plants in turn supply LNG to
smaller satellite facilities in more remote areas. There are about 60 of these
facilities in the U.S.48

Both types of facilities employ double-walled, insulated tanks to keep the LNG
at its required low temperature. The tanks rely on insulation to maintain the
temperature, rather than on power refrigeration. Most tanks are made of specially
alloyed metal; others are constructed with pre-stressed concrete. Some tanks hold
as much as 50,000 cubic meters of LNG. A few hold more than 100,000 cubic
meters. Tanks are large because of economies of scale, because they take up less
space in urban areas, and because there is less loss from boiling-off LNG reverting
to gas and dispersing.“‘

Tank trucks deliver LNG to the satellite stations and also supply liquified gas
for industrial applications. About 75 trucks have an average capacity of
10,200-12,500 gallons of LNG (38-47 cubic meters); they travel up to 1,500 miles
(2,414 km) for deliveries.?0

Domestic supplies of natural gas are transported primarily by pipeline. The
United States maintains a system of natural gas pipelines which carry large amounts
of gas within producing regions and to major consuming regions. These pipelines
extend to every continental state except Vermont. Long distance transportation of
na'cure;ll gas became possible with the introduction of welded gas pipelines in
1925.
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In 1979, the United States consumed 19.5 trillion cubic feet (.4 trillion cubic
meters) of natural gas.’2 Fifty billion cubic feet (1.3 billion cubic meters) of it
moved around the U.S. in pipelines owned by 34 interstate natural gas pipeline
companies. As of 1979, there were 341,247 (549,066 km) miles of natural gas
transmission pipelines, field and gsathering lines, and an additiona!l 688,480 (1,107,764
km) miles of distribution mains.?3 The U.S. natural gas pipeline network is shown
in Figure 2.2-2.

The typical natural gas pipeline is 30 inches (.76 meters) in diameter and about
1,000 miles (1,609.3 km) in length. Some are as wide as 48 inches (1.2 meters).
Pipelines are buried and are invisible above ground except for right-of-way markers
and occasional compressor stations.

The natural gas "grid" consists of the lines and interconnections between
cross-country pipelines. [t is formalized among companies by proprietary
agreements and fraught with institutional barriers. The nation's natural gas supplies
are managed by many small, independent gas companies who would have to forfeit
some control of their operations if a grid were to exist, and they are reluctant to do
this. The interconnections that exist now are meant to be used for only a short time
for instance, in emergencies or for sales or exchanges between companies.

Underground storage facilities which are the preferred method of storage, are
usually natural formations such as salt mines, aquifers, or fully depleted oil and gas
wells. The average capacity of underground storage pools is about nineteen billion
cubic feet. In 1978, there were 388 such storage facilities in the U.S. There are
also 53 underground storage aguifiers, with an average capacity of 30 billion cubic
feet (.8 billion cubic meters). Approximately half of the states in the U.S. use
underground pools, and about ten states use aquifiers. States in the East North
Central, West South Central. and Middle Atlantic regions make the most use of
underground natural gas storage.

Gas coinpanies try to store their peak-shaving supplies near the areas where
they will be consumed. Most storage areas are a few miles away from the towns
that use them. Companies use the smaller distribution main pipelines to transport
natural gas from storage areas into the homes and businesses of their customers.

Twenty percent of the energy the U.S consumed in 1979 was in the form of
natural gas. Per capita consumption of natural gas began to decline in 1972, but
increased slightly in 1978 by 1.7 percent. Small increases in the residential and
commercial sectors were offset by a larger decrease in the industrial sector.

States rely on natural gas to varying degrees. In some states gas is used
principally for heating homes and domestic water, and for cooking; in others it is
used for electrical generation or high-temperature industrial processes.

Industry is by far the biggest overall consumer of natural gas. In 1979, 8,636
trillion Btus were used. Almost half of the energy that industry uses is natural gas.
Residential and commercial uses of natural gas amounted to 7,770 trillion Btus in
1979, and utilities used 3,610 trillion Btus to generate electricity.5
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Coal (2.2-3)

Commercial coal mining in the U.S. began about 1750 near Richmond, Virginia.
The first expansion of coal mining began with the rise in iron and steel production
during the Civil War. By 1885, railroads were the greatest consumers of coal. When
the railroads converted to diesel electric locomotives, the electric power generating
companies stepped in as the major consumers of coal. Decline in the use of
anthracite coal for space heating and cooking was offset by an increased use of
bituminous coal by the iron and steel industries. However, overall coal use has
dwindled rapidly since 1910 from about 70 percent of U.S. energy use to about 18
percent in 1979, having been displaced for most uses by oil and gas.5

Pressures to reduce dependence on foreign oil and uncertainties about nuclear
power's ability to provide a fraction of U.S. electric demand are again bringing coal
to national attention.

Utilities and energy planners (principally the U.S. Department of Energy) are
look ng to the nation's tremendous domestic reserves of coal to be the primary
sourze of energy for the nation's electric power plants--for new plants, and
replacing oil in some oil plants. This increased use of coal will not be without a
number of attendant environmental problems.

Nevertheless, the U.S. government, through several important pieces of
legislation, is encouraging utilities and private industry to convert from the use of
oil and gas to coal. The Power Plant and Industrial Fuel Use Act requires utilities to
use fueis other than oil or gas in new utility boilers after 1990.99

The U.S. Geological Survey and the U.S. Bureau of Mines estimate that the U.S.
holds 1.5 trillion tons (1,360.8 trillion kg) of coal at depths to 3,000 feet (914.4
meters) and in seams at least fourteen inches thick. The Bureau of Mines consideres
136.7 billion tons (124,012 billion kg) economically recoverabele with current mining
technology. The remainder could only be mined using sophisticated deep-mining
techniques, since the deposits are either too deep for surface mining or the seams
too thin to be effectively surface-minded.

Coal is the most plentiful fossi! fuel in the United States. It represents about
88 percent of the proven reserves of all U.S. fuels. Extensive deposits of coal are
found in the eastern, central and western United States, including high-grade coal
resources in Alaska. The states with the greatest known resources of minable coal
are Montana, lllinois, West Virginia, Pennsylvania, and Kentucky. Thirty states in
all have been identified by the Department of the Interior as having minable coal
resources.

About 70 percent of the coal in the U.S. is located west of the Mississippi.
However, much of the western coal is low in energy value, high in sulfur content,
and must be strip-mined. Anthracite coal has an average moisture content of five
percent and a sulfur content of 0.7 percent or less. Subbituminous coal has an
average 25 percent moisture content and sulfur ranging from two percent to 0.7
percent (and less.)
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Of the various types of coal, anthracite is of the highest energy quality,
followed by bituminous, subbituminous, and lignite. Anthracite is found largely in
Pennsylvania (although there are substantia. Alaskan deposits) and has an energy
value of 14,000 Btus per pound. Subbitum.nous coal contains an energy value of
9,500 Btus per pound and lignite yields 6,100 Bus per pound.

Owner:zhip of coal reserves is split among three interests: energy companies;
the railroad industry; and coal consuming industries which include electric, steel,
other metals, and chemical industries. The locations of most coal beds is
known. Factors such as rank, ash content, continuity, thickness, and depth remain
to be discovered.

The major questions surrounding coal reserves are where and how coal will be
extracted and used. A 1973 study by the Library of Congress indicated that 30
billion tons (27,215.5 billion kg) of low-sulfur (one percent or less) strippable
reserves exist in the West, compared to only 1.8 billion tons (1,632.9 billion kg) in
the East. However, there are an additional 82 billion tons (74,389.1 billion kg) of
low-sulfur reserves in the East, half of which are recoverable with current deep
mine techniques.61 Coal in the West is primarily recoverable by stripmining
techniques. Energy planners are looking with interest at western coal, and several
conversion technologies have been proposed for exploiting these deposits.
Development plans for using western coal involve stripmining and transporting coal
by unit-trains (specially designed long freights, carrying only coal) to consuming
areas, or mixing pulverized coal with water and transporting the resulting "slurry"
via pipeline to consuming areas.

Strip mining is the least expensive and most efficient means of mining coal. It
is done by stripping overlying material away from a minable coal seam with large
electric shovels, and blasting the coal into chunks with explosives. Most strip mines
are less than two hundred feet deep. Strip mines produce as much as 15,000 tons
(13,607,771.1 kg) of coal a day and employ as many as 700 men in a single mine. 2

Underground mining is the traditional method of mining coal. Historically mine
shafts were dug to intersect coal seams, and miners would drill or blast into the coal
seam and then load carts full of broken coal and push them to the surface. Now
much of this operation has been mechanized. Continuous mining machines cut
rather than blast the coal, break it and move it continuously into waiting cars. Most
underground coal! mines are less than 3,000 feet deep. produce from two to three
tons to 10,000 tons, and employ one to two thousand men per mine.

More than half of the coal mined in the U.S. in the mid-1970s came from
surface mines. However, coal that can be mined using surface methods comprises
only 30 percent of U.S. coal reserves and ten percent of the estimated coal
resources. About a quarter of U.S. coal comes from underground mines; the
remainder is mined with augers which bore into coal seams exposed on hillsides.é‘*

Improvements in deep mining technologies such as the development of the
continuous mining machine, have helped reduce the labor-intensity of deep mining.
Other advanced deep mine technologies, called "longwall" and "shortwall" systems.
have eliminated the older "roof and pillar" methods, enabling recovery of up to 90
percent of the coal in a seam with current techniques.
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Coal is still a plentiful domestic resource; in 1979, the U.S. exported 59,874
million kg of coal and imported only 1,814 million kg.66 Australia and South
Africa provided 72 percent of total U.S. coal imports in 1978. Other suppliers are
Canada, Poland, West Germany, and .\.e Netherlands. 7

Most use of coal involves significant transportation, which affects its delivered
price more than other fuels. This, in turn affects the need for different varieties of
coal, the working of the spot and long-term delivery markets, private ownership of
some production and transportation capacity, and perhaps seasonal fluctuations of
supply in demand.

Coal is transported mainly by railroads, water carriers, and trucks. Coal slurry
pipelines (carrying coal suspended in water) are becoming an importan. alternative.
Several slurry pipelines are planned and one is now operating. About half of U.S.
coal production moves by rail, a quarter by water, and about ten percent by truck.
The rest is consumed at the mine-mouth.6? Figure 2.2-3 shows total coal
movement in the U.S.

It is significant that all of these transportation modes, with the exception of
the pipelines, depend on diesel fuel. According to the Congressional Research
Service, "...our dependence on overseas sources for half of the oil we use may
threaten our supply lines for coal as well."70

The single largest movement of coal in the U.S. is transport of metallurgical
coal by rail from the Appalachian region to Virginia for export, followed by
transport of steam coal from that region to North Carolina. Large amcunts also
move from Appalachia to Ohio and Michigan. and tc New York and New England
from Pennsylvania, and interstate in Pennsylvania, Illinois, Indiana, Kentucky, Ohio,
and West Virginia. Long shipments come from Wyoming and Montana to the
Midwest.

Trucks move coal in smaller amounts and over shorter distances. Trucks are
used similarly for interstate transportation in such states as Pennsylvania and Ohio.
The principal route for barge traffic is the Ohio river, and the Atlantic coast is the
shipping point for exports.

Coal is not actually refined, but more than half of the coal used in the U.S. is
cleaned before it is burned or processed in order to remove ash and inorganic sulfur.
Sulfur oxides are a serious pollutant, and clean coal is best for gasification.

Coal technology is changing as its place in the U.S. energy picture changes. In
the last centruy, when oil replaced coal as an industrial fuel, coal was relegated to
use by power plants, which burned it directly. Now recently devised technologies
such as fluidized-bed burning have improved the efficiency of coal use, and
techniques such as coal gasification make coal available as gaseous as well as solid
fuel.

The avaiiability of water may be the major limiting factor in future coal
exploitation. A study by the National Academy of Sciences (NAS) found that, even
by using watersaving technologies such as dry cooling towers in a coal-fired power
plant and other conversion facilities, the water supplies for these uses "are not
normally available at coal mine sites in the western United States. In most
coal-rich areas the local supply of ground or surface water is insufficient to meet
the consumptive use requirements in conventional energy conversion processes."7l
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Figure 2.2-372

COAL MOVEMENT MAP
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Water is needed not only to provide cooling for conversion and power processes,
but also to rehabilitiate stripmined areas. The NAS study points out: "At any
distributed site in the desert West, the reestablished vegetation should not be
expected to be greater than the original cover, because the native plants have
developed through the processes of natural ecological succession. Experience has
shown that the process requires from twenty to fifty years or more even when a
seed source is close by and the distrubed areas are not extensive. Consequently, the
probability for successfully rehabilitating such areas is extremely low."73" The
report suggests that many western areas might have to be classified "national
sacrifice areas," since they could be rejuvenated only partially once strip mined.” 4

Nuclear Power (2.2-4)

Tremendous power from atomic energy was theorized as early as 1905 when
Albert Einstein mathematically demonstrated that the nuclear energy content of a
substance depends on its mass (E = mc2). It was not until 1942, when a group of
scientists led by Dr. Enrico Fermi built the first atomic reactor at the University of
Chicago that the nuclear reaction was harnessed.

Commercial nuclear reactors operating in the U.S. today produce electricity by
using the energy of the fission reaction to heat water to generate steam for turning
turbines. Fission is an energy conversion process in which neutrons subatomic
particles bombard and split the heavy atomic nuclei of elements such as uranium.
The neutrons which split uranium atoms must be released at a controlled rate to
sustain a