
CHAPTER VIII

ALTERNATIVES TO THE PROPOSED ACTION

No New Development

The no new development or no action alternative would be to not

allow any additional development of federal coal in the Eastern Powder

River Coal Basin. Mining at the Belle Ayr south, Wyodak and Dave Johnston

mines would be allowed to continue to completion on presently approved

leases and mining plans. Selection of this alternative probably would

not totally prevent development of new mines in the study area; private

coal would undoubtedly be developed. The balance of the energy which

was to be supplied by coal from the Eastern Powder River Coal Basin

would have to be supplied from other coal areas or from alternate energy

sources. Impacts associated with alternate energy sources are analyzed

under the alternate energy source alternative.

Impacts

Coal-based industrial development (gasification and power plants)

would not be feasible under this alternative. Impacts associated with gasifi-

cation and power plant construction and operation would not occur (see Chapter V,

this part). Development of the railroad may remain feasible under this alterna-

tive based upon the economics of utilizing the line for overhead or bridge

traffic generated elsewhere. Vegetation and soil disturbance would not be as

much as under the proposal. Ambient air quality would not be lowered as a resu~t

of stack emissions.

Impacts on the physical resources, wildlife, vegetation, and

soils, would not occur on a major portion of the area under this alternative.

Social-economic impacts would be lessened throughout the area. Community
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facilities (schools, sewage and water systems, enforcement, social services)

would not be impacted to the magnitude analyzed in Chapter V of this part.

Development of private coal could create a number of small strip

mines with resulting environmental impact scattered throughout the entire

area. Reclamation requirements on private coal may not be as stringent as

federal requirements; and after mining, impacts on air quality (dust), water

quality (increased erosion and sedimentation), and wildlife could be worse

than the impacts associated with the proposal. Impacts 011 transportation

networks may be worse than the proposal since truck transportation would

probably be utilized to transport the coal to the main line railroad at

Douglas or Wyodak. This would require construction of new roads or upgrading

of existing roads. Impact of this type of transportation is analyzed under

the alternate modes of transportation section.

Impacts associated with the three existing mines would continue.

The impact of continuation of the Wyodak mine is analyzed in Chapter III,

Part VI of this statement. Impact at the other two existing mines would be

similar.

If energy demands are to be supplied by coal, suspending develop-

ment of federal coal in the study area will shift impacts to other coal

regions. Utilizing coal from another area such as Illinois, Kentucky, or

Pennsylvania would create some impacts in those areas similar to those which

occur in the study area if coal development is allowed. New mines would

need to be opened or production expanded at old mines. Since most of the

coal is mined underground, recovery would be less ~han the 90 to 95 percent
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projected for the study area. Additional transportation would be required

and since these areas are more heavily populated, construction of new or

expanded transportation facilities could have an impact of greater magni-

tude than within the study area. Much of the eastern coal is of higher

sulfur content; air pollution could become worse. Even though underground

mining methods were utilized, there would still be the potential surface

disturbance from subsidence. Any surface disturbance in these areas has

the potential of destroying, or impairing the use of, more productive or

potentially producti~e farmland.

Implementation

Implementation of this alternative would require Congressional

action.
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Restrict Development

Delay pending new technology

Although reclamation methods are being improved, techniques of

handling soil, methods of planting, preparing the area and selection of plant

species need to be developed and tested for this area. Native seed sources are

necessary to supply seed in sufficient quantities to be used in revegetation.

Research into and testing of new emission control devices are

proceeding at a rapid pace. Efficiency of utilization could also be im-

proved within the near future. Methods of conversion of coal energy into

clean energy (gasification) are also being developed and perfected.

Impacts

If development of federal coal is delayed, it is probable private

coal in the study area will be developed. Impacts of coal development are

discussed under the "no new development" alternative.

Even with development of private coal, it is doubtful if the

companies can meet their contracts without federal coal. Therefore, the

utility plants in the Midwest and South that were to receive the lower sulfur

Eastern Powder River Basin coal wouLd have to obtain coal elsewhere. Con-

tinued utilization of high sulfur coal at these plants will increase the

impact on air quality at the point of utilization. A continued decline in

ambient air quality in these areas could seriously impact vegetation and health
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conditions, especially during inversion periods. Another possible result

of unavailability of low sulfur coal and the requirement to meet air quality

standards is that these plants would have to reduce generating capacity. This

could result in blackouts, brownouts, reduction in economic development, and

inability to supply consumer demands.

If development were delayed until new pollution controls, particular-

ly for sulfur dioxide, were developed or perfected, the impact on air quality

at the point of utilization would be decreased. At that time eastern utility

companies could utilize eastern coal which is economically cheaper for them.

This possibly would prolong development of Eastern Powder River Basin coal.

Improvement of pollution technology would also reduce the impact on air

quality from the development of power generating plants within the study area.

Whenever the coal is developed in the study area, impacts as

described in Chapter V, Part I of this statement will still occur. However,

the unavoidable adverse impacts would be reduced if reclamation and revegeta-

tion techniques suitable for the climatic condition of the study area are

developed and perfected.

If revegetation methods were perfected, increased vegetation

success and correspondingly lessened adverse impact on livestock forage and

wildlife habitat may be expected. With development of adequate supplies of

native plant seed sources and techniques for insuring survival, long-term

impacts on wildlife habitat may be reduced from 20 to 50 years to 10 to 15

years or possibly even less. The projected productivity loss of 50 percent

under current techniques possibly could be lowered to 15 to 25 percent loss.

A decrease in the time required to revegetate, and an increase in the amount

of cover returned, would reduce the amount of erosion and sedimentation
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which takes place after mining. This would reduce the adverse impact on water

quality which occurs after mining is completed.

An increase in utilization efficiency could possibly reduce the

amount of coal mined per year. Mining less coal per year would spread the

impacts over a longer time period, allowing for recovery prior to additional

disturbance.

In phase and staged with socio-economic development

In lieu of the proposed action program, an alternative program could

be undertaken that represents a marked departure in policy framework from the

existing management modes historically adhered to by the Bureau of Land

Management and Forest Service. This alternative would be to develop a

natural resources management, development, and utilization program for the

Powder River Basin region that would be coordinated with the rate of social

and economic development that could be sustained by the communities within

the region. With respect to the federal sector, this alternative could be

implemented by utilizing the existing Bureau and Forest Service planning

systems to develop and maintain land use plans while considering all of the

various resource uses for federal lands.

The local government sector would have the problem of assurance

or guarantees that coal development would in fact occur and that revenues

required for public facilities would be available timely. Bond or other

borrowing can not be based on development speculation.

Implementation of this proposal would be purposefully directed

toward coordinating community development capabilities with the rate of

coal production. New or expanded coal developments would be allowed and

accommodated only to the extent they were mutually compatible with community
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ability to meet social and economic needs and demands placed upon it by the

additional development and employment. The proposal is to methodically phase

in, over a period of years, the quantity of new coal development that will

be allowed in order to enable the community to plan for and develop needed

housing, educational and social services in advance of need rather than

after these facilities have already become inundated and overcrowded. The

total requirement for needed facilities might not be lessened appreciably,

but the increase in demand for them would occur over a longer period of time;

thereby, allowing communities to respond more effectively. Certain employment

demands (particularly construction) could be reduced at anyone time to

allow more even utilization of those services over a longer time period.

This alternative itself would not lessen the intensity or magnitude

of impacts on the physical resources sectors (agriculture, wildlife, water,

etc.), but it might allow for future technological improvements (in vegetative

restoration, pollution control, etc.) to be developed. Future implementation

of technological advances could serve to lessen impacts on physical resources.

With respect to the existing contractual interest in coal, the

practicability of this alternative is limited by the Federal Government's in-

ability to implement staging or development without special Congressional

authority. The Secretary of the Interior does have authority to suspend

operations and production of leases in the interest of conservation, but such

suspension must be limited to reasonable periods. Development of coal leases

in the study area cannot be selectively delayed for extended periods unless

authorities and funding are provided that allow the Federal Government to

buy back the leasehold interests. Development controls would not apply to

privately owned coal unless implemented by state government.
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Control number of producers

The alternative of controlling resource depletion through control-

ling numbers of producers would require special legislation. In the American

free-enterprise system, industry strives to meet demand. The demand for coal

resources is real and will be met (if possible) by production of one

supplier or by several hundred suppliers. If production is limited to one

company, a monopoly is created. Governmental limitation of production to

four, six or any other particular number of companies would create legal

entanglements which would be detrimental to meeting demand.

Impacts

The impacts associated with having one or a few producers supply

all the coal produced in the basin would be the same as discussed in Chapter V

although all impacts would be concentrated in areas controlled by the few

operators. Coal mining in producing areas would have to be accelerated which

would allow reclamation work to be completed in a shorter time. This would

produce a high concentration of workers and increase associated socio-economic

and safety effects. As a result of completion of mining in a shorter time

period, the economic effects would be more pronounced.

Control location of depletion by
designating area for production

Other areas in Wyoming or the nation could be developed for coal

rather than the Eastern Powder River Basin. Administrative designation of

areas for coal development would require enactment of special legislation.

The state might look favorably upon special legislation designed to enhance

coal mining in other areas of Wyoming so that reserves in these areas
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could be fully mined in an orderly manner before mining was permitted in the

Powder River Basin.

Impacts

The possibility of enactment of this type of mineral and land use

legislation is speculative. Such legislation would impact customary leasing

procedures. Rights granted under federal coal leases would be denied and

pending preference right leases might not be granted. Existing permits would

be cancelled and competitive lease sales for coal would be deferred. Power

plants presently operating would be allowed to continue operation, but a

moratorium would be declared on plans for expansion of capacity. Mining and

attendant activity would be held at approximately the present level. The

Eastern Powder River Basin would not be industrialized to the levels described

in this impact statement.

The impacts of this alternative in the Eastern Powder River Basin

would be similar to those described under "No New Development" in this chapter.

Private coal lands would still be amenable to mining where suitable private

holdings exist.

Excavation for coal in another Wyoming coal basin would effectively

transfer the impacts of mining and industrialization to that basin. Mining

impacts on land and associated resources could be greater or less, depending

on coalbed thickness at the alternate locality or localities. Thin coalbeds

mined by surface or underground methods would likely require larger machinery

to strip to maximum depth and greater numbers of employees, thus increasing

impact in the industrial and socio-economic frames. Impact on water might
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be less, given an adequate supply of water of sufficient quality such as a

major stream of partially unappropriated water.

Areas of particularly high or unique resource values that are

currently not under permit or lease that would be subject to serious

enviroIlmental degradation by mining could be permanently set aside thus

mitigating potential impact.

If companies with long-term contracts (30 to 40 years) were

compelled to rely on private coal to meet commitments, demand could drive

prices up. Under such circumstances islands of federal coal would be

created that could result in coal resource waste because of highwall slope

requirements at ownership boundaries.
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Complete Exportation

This alternative considers the exportation of the coal out of the

state for processing. The following assumptions were utilized for analysis

of this alternative: (1) the 330-M}J power plant at ~vyodak will still be

constructed Slnce the state has already approved construction; (2) coal pro-

duction levels and number of mines as analyzed for the proposed development

will remain the same; (3) additional acreage will not be required by the

railroad (according to a railroad spokesman); (4) the amount of powerlines

and roads will remain the same; (5) the slurry pipeline will still be built;

and (6) no additional power plants or gasification plants will be constructed.

Impacts

The impacts will be analyzed as of 1990 and compared with the pro-

jected impacts of the proposed development as detailed in Chapter V, Part I,

of this statement.

Acreage disturbed by mining and reclaimed would remain the same as

for the proposed action. However, under this alternative, the total disturbed

area would be an estimated 24,300 acres, a 16 percent (4,700 acres) reduction

from the proposed project. The area estimated to be permanently removed from

production would be 4,800 acres, a 49 percent (4,700 acres) reduction from

what would be removed under the proposed development. These reductions would

reduce the impact on air quality, recreation, wildlife and agriculture.

Under this alternative the 1990 emissions and amount of decrease

from the emissions under the proposed development are shown in Table 1.

(
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Table 1

1990 Exportation Alternative Emissions*

Type Amount Decrease

Particulates
Sulfur Dioxide
Nitrogen Oxides

5,775
47,840
46,594

65%
70%
59%

*rncludes train emissions.

The reduction in ambient air quality under this alternative would be

substantially less than under the proposed development. However, the amount

of train emissions will increase over what will occur under the proposal.

The number of trains required to transport the coal would increase.

Under this alternative an estimated 21,818 trains per year would be required,

resulting in an average of 60 trains per day. This is a yearly increase of

29 percent and a daily increase of 30 percent over the number occurring under

the proposed development.

Without development of additional power plants and gasification

plants, water requirements would not be as great. Under this alternative

the estimated 1990 yearly water requirement would be 62,850 acre-feet or

31 percent less than the projected water demand for the proposed develop-

ment. This reduces the probability of having to import water, as well as

reducing the impact on agriculture which would occur under the proposed

full development action.

Recreational impacts under this alternative would be less for

several reasons: population increase would be less, reducing the number

of people requiring recreation facilities; acreage disturbed and removed

would be less; and fewer intrusions impacting the aesthetics of the region

would be constructed.
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Adoption of this alternative would result in a lessening of total

adverse impacts on wildlife in most cases. The most recognizable change occurs

in the amount of total habitat saved through "nonconstruction," an estimated

4,700 acres. It has been estimated that with exportation, Campbell County

(most severely impacted under the proposed development) population projections

by 1990 would be reduced by 13,900 people. The reduction of population

estimates by nearly 14,000 people by 1990 would significantly reduce the amount

of impaired wildlife habitat which would result from such factors as increased

hunter and other recreational demands and miscellaneous habitat disturbances.

Even though the general cumulative impacts involving loss of habitat and

reduction in population as the result of coal development and associated

activities remain the same as described for the proposed projects, the

intensity of impacts on wildlife would be reduced under this alternative.

Impact on agriculture would be somewhat less under this alternative

as compared to the impact as analyzed for full-scale development. Construction

and development of facilities and mining would result in land use changes on

approximately 24,300 acres. Of this amount, 4,800 acres or 19.8 percent

would be permanently removed from production by construction of the railroad,

Wyodak power plant, slurry plant, and population increase. Table 2 provides

a comparison of the impact of this alternative with proposed full-scale

development.

Approximately .56 percent of agricultural land would be disturbed

and lost to production--not a significant change from the projections con-

sidering use of coal within the basin. The projected loss of annual live-

stock forage (16 percent - 822 AUMs less) and crop production would also

change very little due to the assumption that land affected by coal mining

and reclamation would remain virtually the same.
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Secondary impacts to agriculture would remain essentially unchanged

whether coal is shipped from the basin or converted to other energy forms.

Impacts to irrigated cropland would still be anticipated due to the

projected expansion of Douglas. Irrigated cropland affected by industrial

water conversion would be significantly reduced (66 percent - 20,863 acres) as

projected in Table 3.

Table 3

Projected Cumulative Loss of Irrigated Cropland
Due to Water Right Conversion

Projected Annual
Industrial and Municipal

(Acre-feet)

Irrigated*
Cropland Lost

(Acres)
1990** 34,620 31,473

1990*** 11,667 10,606

*Assuming 1.1 acre-feet of water is used per acre of cropland.
**Full-scale development as proposed for the study area.

***Exportation alternative.

Implementation of this alternative would cause a substantial decrease

in both basic and secondary employment. Effects of the decrease in employment

would be centered in Campbell County because the eliminated facilities were

assumed to be located in Campbell County. From the decrease in employment,

a drop in population increase would also occur. The 1970 population of

Campbell County of 12,957 was estimated to reach 50,400 by 1990 under the

proposed action assuming conversion facilities were constructed. By elimin-

ating those facilities from consideration, the estimated population increase

for 1990 is now 36,600 which is 27.4 percent less than predicted under the

proposed plan of development.
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Since the estimates of social services and facilities that would

be required by the expanding population (Chapter V, Part I) are based on

the size of the population increase, it can be assumed that the demand for

all the social services and facilities in Campbell County will be about

27 percent less than calculated for the proposed action. Thus, the deficits

noted in Chapter V, Part I, of this statement for housing, educational

facilities, health and social services, law enforcement and water and sewer

facilities would be 27 percent less. The 1990 requirements for social

services and facilities under this alternative would be only slightly

higher than the previous projections for 1980 needs, since the former 1980

population projections are only 4,400 less than the new 1990 projection.
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Alternate Extraction Methods

Underground mining

Underground coal mining can be categorized into two basic methods,

room and pillar mining, and longwall mining.

Room and pillar mining

This method involves driving comparatively wide openings (rooms)

from haulways (entries or headings). Pillars between rooms and other open-

ings support the roof. Recovery under normal mining conditions usually

averages between 55 and 60 percent of the coal in place where the entire

height of the bed can be mined.

Because of frequent presence of gas and explosive dust, thorough

ventilation of the mine is required. Ventilation is provided through openings

driven in sets. Fresh air enters by one or more openings, the intake, and

leaves the mine by other openings, the return.

Main entries are driven from the shaft, or from the surface; from

these, cross entries are driven and rooms are then developed off the cross

entries.

Size of entries will be determined by two factors: (1) entries must

be large enough to insure adequate ventilation and (2) entries must be narrow

enough to support the roof and prevent floor heaving. Entries are usually 10

to 20 feet wide. Pillars are usually spaced on 60- to 100-foot centers and

must be large enough to support the roof, haulage ways and airways and, if

necessary, specific areas on the surface. Distance between sets of cross

entries depends on length of rooms with the room lengths depending on charac-

teristics of roof, floor and coal and the system of haulage and ventilation.

Rooms are commonly 300 to 500 feet long, and where only turned in one direction
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provide an entry spacing of 350 to 400 feet. Where rooms are turned

in both directions off cross entries, the entry spacing is between 700 and

800 feet. Direction and location of all entries and rooms depends largely on

size and shape of the property, surface conditions, dip of beds, amount of

water, etc.

Robbing of pillars consists of removing the coal left for roof sup-

port after all development work is completed. Robbing begins at the end of the

mined area and retreats back toward the main entries. Room and entry pillars

are extracted in one operation. The method and time when pillar robbing

should be done is determined by roof and floor characteristics, texture of

coal, thickness and dip of coal, presence of gas and other local conditions.

Whel'e possible, all pillars are removed except those left to support specific

areas on the surface.

Underground mining involves use of several types of hauling and

mining equipment. Hauling equipment may consist of belt conveyors, rail,

battery operated haulers or a combination of these systems. Mining may

consist of conventional systems, where the coal is drilled and blasted, or

continuous systems, where the coal is removed by continuous mining machines.

In both cases, the coal is loaded into battery or electrically operated

shuttle cars which in turn transfer the coal into mine cars or onto belt

conveyors for transport from the mine. (

Longwall mining

The development of longwall mining is basically the same as that

involved in room and pillar mining with the exception of development of

rooms. The rooms or panels are developed by first driving two sets of entries

(two or three entries in each set) perpendicular to the cross entries. The
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two sets of entries are usually 200 to 500 feet apart. Once the two sets are

driven the desired distance, they are connected by two or three entries which

form the operating face. A coal shear or plow is set up along the length of

the face. The plow operates by chain drive and is pulled back and forth

across the face shearing coal as it moves. The coal drops onto a belt convey-

or and is transported to mine cars or conveyor belts located in the main

entries. Self-advancing hydraulic jacks are set up along the face and behind

the conveyor belt to support the immediate roof area. As mining progresses,

the face equipment and the self-advancing jacks are moved forward allowing

the roof to cave in behind the jacks.

Impacts of underground mining

The use of underground mining methods will increase capital expendi-

tures because underground production and development is more costly than

surface mining. In addition, there is a social cost expressed in health and

safety of mine employees. For example, fatal accident rates for 1972 of 0.42

fatalities per million tons of underground mined coal are greater than the 0.07

fatalities per million tons mined by surface methods. There is also a higher

incidence of nonfatal accidents due to roof and coal falls, fires, explosions,

and problems related to dust inhalation (black-lung).

With underground mining there is less initial disturbance of the

land surface, but unsupported roofs between pillars ultimately collapse due

to lack of structural strength. In areas where overburden is thin, this

collapse results in a lowered land surface degraded by numerous depressions

and openings. Longwall mining achieves greater coal recovery and allows

controlled subsidence to the point of natural stabilization which lessens

the surface effects and permits use of the land surface.
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Subsidence of a large area commonly destroys man-made structures.

It can disrupt the ground water hydrology and surface and subsurface water

recharge. It may intercept or short-circuit surface and subsurface water

movement across or through the area that has subsided. Subsidence may increasE

vertical permeability and aquifer recharge. Subsidence also may provide

increased communication between aquifers. It could also, in some localities,

cause landslides or minor earthquakes.

Ground and surface waters entering active underground mines are

normally pumped to the surface for disposal. It is uncertain whether acid-

mine water would be a problem in the basin. Acid-mine water could drain from

active and abandoned mines for long periods and cause water pollution. Acid

water, if produced, is expected to be localized in a given mine or mines and

not be a problem because of the relatively low concentration of pyritic sulfur

in coalbeds of the Eastern Powder River Basin.

Many operations associated with underground mining, such as mine-

access roads, coal handling, and processing, cause dust problems. Road dust

can be minimized by hard surfacing, oiling, or chemical treatment of the road

surface. Dust from coal handling and processing is abated by spray treatment

at transfer points and by enclosing coal handling and processing structures.

Dusting problems in live coal-storage piles can be reduced by water sprays or

oiling.

Underground mining also has environmental impacts associated with

drilling, blasting, alteration of ground water hydrology, product processing,

and liquid effluent discharges.
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Other possible environmental impacts are those associated with the

creation of waste disposal areas, unsealed abandoned mine openings (inquisi-

tive public) and abandoned mine buildings and structures.

There is a loss of coal left in pillars for support of the mine

roof and in the floor and roof because of the practical limit as to the height

of underground openings in coal operations. There is also a loss of coal in a

bed which lies too close to another bed to be mined simultaneously. With the

thick coalbeds found in the eastern Powder River Basin, the amount recovered

by underground methods could be as little as six percent of the available

resource.

In-situ mining

In-situ mining of coal is, at present, an experimental process

which involves the fracturing of coal underground and igniting it in order

to produce clean burning gas which is collected from boreholes drilled into the

coa1bed.

In-situ mining first requires drilling of numerous boreholes

throughout the planned mining area. From these boreholes, measurements can

be taken to determine orientation of coal cleats (fractures), directional

permeability, directional tensile strength, point-load induced failure, and

directional sonic velocity, all of which govern the directional flow proper-

ties of the coal. Next, a subsurface communication of gasses and fluids

must be established by hydraulic fracturing of the coa1bed, using the "sand-

frac" process or similar process, which increases the permeability of the

coalbed. This process basically involves the injection, under pressure, of

gelled water containing sand into the coal formation thereby causing fractur-

ing. Once the coalbed has been fractured, it is ignited in specific areas
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through the boreholes. Air is injected into some of the boreholes to

stimulate the burning process and the gas produced by burning is drawn off

through other boreholes. Care must be taken to prevent leakage from cracks

and crevices in boreholes and other areas. Any leaks will reduce gas output

appreciably. Present knowledge indicates that the energy recovery levels of

in-situ production are low and the amount of surface subsidence in areas of

thin overburden is highly unpredictable.

For in-situ production to be a viable alternative, methods for

increased recovery of volatile gases must be developed. Such increases may

then allow in-situ production to compare favorably with the high recovery of

surface mining.

Impacts

Impacts associated with in-situ mining would include the probable

destruction of coalbed aquifers and pollution of ground water aquifers.

With thin overburden, air pollution could be expected from escaping gases,

and subsidence and destruction of surface values would probably occur. The

many problems of containing contaminants related to underground operations are

not predictable without intensive site analysis. There would be disturbance

of the surface due to the construction of facilities built to process the

gas produced, and chemicals, fuels, and materials used in producing gas by

this method would be lost for other uses. The fuel would be low in sulfur

because the sulfur produced would be in the form of hydrogen sulfide which

could be removed by hot carbonate scrubbers.

Auger mining

Auger mining is a low percentage extraction method used in areas

where strip mining has left an exposed coal face or where a natural coal out-

crop exists. The amount of coal recovered by augering is a function of the
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size of the augering equipment and the depth of auger holes. Present equip-

ment is capable of drilling holes 150 to 200 feet in depth. If augering was

the primary coal extraction method, coal production would be limited to a thin

belt along the coal outcrop.

The initial step would require preparation of a working bench

and roads along the outcrop. This would be accomplished by using a bulldozer

and/or shovel to prepare a flat, wide area along the entire length of the

outcrop to be mined. The area must be wide enough to accomodate augering

equipment. All material from this preparation process would be cast to the

side until it could be replaced after augering is completed.

Once the bench has been prepared, augering begins. Present equipment

limits the diameter of the holes to a maximum of 84 inches. As augering

proceeds along the outcrop, coal is loaded into trucks which carry it to the

discharge point (plant, trains, etc.). Once the coal is removed, the spoil

removed in preparing the bench can be returned, graded and reseeded to

restore the area to its original condition.

Augering can also be conducted in conjunction with stripping

operations. In this case, when stripping has progressed as far as economi-

cally practicable, the remaining highwall is auger mined, using the same

procedure as described above. However, the bench preparation would not be

necessary since the bench would be created during the strip mining operation.

Impacts

Auger mining would produce most of the impacts associated with

surface mining described in Chapter V. The most important difference would

be that employment of the auger mining method would result in a loss of at
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least 60 percent of the coal because of the wandering characteristics of

auger bits and limitations in the diameter and depths of the holes.
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Alternative Reclamation Objectives

Most areas associated with mining, construction, and temporary rights-

of-way are eventually abandoned to another land use. A variety of potential

land uses can be considered after surface disturbance and topographic alterations

have occurred. Post-mining land uses which are considered as optional alterna-

tives within the study area are grazing, wildlife habitat, recreation, cropland,

urban and commercial development, and multiple land use combinations. Methods

of reclamation should be chosen with a specific land use objective in mind

following mining (Table 1).

It was assumed in Chapter II that the ultimate land use objective of

rehabilitation would be for livestock grazing. An analysis of the impacts is

contained in Chapters VI and VIII. Grazing is included in this section to

provide comparison with other alternative land uses.

Grazing

Grazing is best suited on areas having flat to gently rolling topo-

graphy with suitable water reservoirs. The land surface should be improved by

topsoiling, fertilizing, mulching, and mechanical treatment. Both native and

introduced species of vegetation can be used successfully.

Surface soil materials must be capable of supporting vegetation

to provide adequate ground cover for erosion control and some harvestable

forage. The topography should vary from flat to gently rolling with no

slopes steeper than 4:1, and a considerable advantage would be obtained

from gentler slopes which would allow machinery to be used to redistribute

topsoil and to reseed. Highwall areas should be reduced to an angle of

repose that does not represent a hazard to grazing livestock. The

selected revegetation species should be compatible with the soils, climate,
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season of grazing use, and with adjacent native vegetation. Livestock

fences and watering facilities would be installed.

Impacts

Reh2bilitation of lands solely for grazing purposes would impact and

limit other land uses. Wildlife habitat and recreation use would not be optimized.

Fences would interfere with some species of wildlife and recreation use. A less

diversified vegetation, possibly a monoculture suitable for livestock forage,

would be established. This would limit wildlife diversity and would be less

attractive for recreational purposes. Water impoundments for livestock would be

limited in size and would have very little value for recreation or aquatic

habitat. Competition would exist between some wildlife species and livestock.

WildJ.ife populations would be reduced. Increased erosion would occur due to

removal of protective vegetative cover by grazing. An increase in air and water

pollution due to increased wind and water erosion would occur. Other vegetation

would be trampled and the soil surface would be compacted.

Wildlife habitat

Areas to be used primarily as wildlife habitat should be reshaped to

a rolling topography with slopes no steeper than 3:1. Highwalls should be reduced

to the same slope to eliminate hazardous conditions. Many wildlife species

prefer areas with rough or significant relief containing lakes and reservoirs.

Wildlife will also use areas having other types of topography with gentler relief.

The soil should be stablized by topsoiling, fertilizing, mulching, and with

special structures on slopes of 3:1 or steeper to prevent erosion. Replacement

of the topsoil will be necessary for reestablishment of vegetation.

A large variety of native shrubs and grasses would be ~lanted with

some establishment of trees in suitable areas. Limited areas of introduced
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species would add variety to the habitat. The greater the variation in habitat

and food sources, the greater variety of wildlife can be expected to repopulate

the area. Sagebrush seeding would be highly desirable along with other plant

varieties.

Water impoundments would be designed specifically for wildlife habitat.

Stagnation of waters would not be tolerable. Highwall areas, if used to faci-

litate formation of lakes, would have to be fenced to protect wildlife.

Impacts

Rehabilitation of lands for wildlife habitat would shorten the time

necessary for wildlife to repopulate the area. Increased steepness and roughness

of topography would not permit use of the lands for some forms of recreation,

urban and commercial development, and cropland use. Potential for livestock

grazing would be reduced since the type of vegetation would not constitute

preferred forage species. Rougher and steeper topographies would result in

increased instability of surface soils. Erosion and soil movement would be

increased. Heavy wildlife use could result in excessive removal of plant cover

and increased soil erosion. Recreation uses, including vehicles, large numbers

of people, or other high intensity uses would be limited in order to permit more

sensitive wildlife species to occupy the area. Air and water quality would be

reduced by increased soil erosion.

Recreation

Recreation is possible on all types of landforms, depending upon the

type of activity contemplated. Access roads, trails, and plant species would

be planned to be compatible with slope and soil conditions. Hazardous condi-

tions would have to be eliminated.
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As with other land uses, topsoil should be replaced on all disturbed

areas and revegetated with specified grasses, shrubs, and trees conducive to

maintaining stable conditions and attractive surroundings.

Water impoundments would be desirable for recreation use. These would

be built to specifications that meet approval of the State Board of Health and

to prevent stagnant pools from forming. Shoreline slopes should not be greater

than 3:1, or they should be bermed as an additional safety measure.

Impacts

Recreation use of rehabilitated lands would result in an increase in

littering and trash. Off-road vehicle use would be increased which would result

in destruction of plant cover and increased erosion and compaction of soils.

Aesthetics would be impacted by erosion, trails, and litter. The diversity of

wildlife species and population numbers would be reduced. Wildlife species

sensitive to human disturbance would be eliminated. Livestock use would be

curtailed or totally absent from heavily used recreation areas. Some pollution

of impounded waters would occur. Air pollution from vehicle emissions and dust

would occur. Noise levels would be increased. Water impounded for recreation

use would be unavailable to industry, agriculture, and other uses. This

alternative could provide sorely needed opportunities in the event population

growth becomes significant in the area.

Cropland

It is not generally considered a practical objective to return surface

mined areas to cropland production except for small areas used for extraction of

gravel or rights-of-way or other types of limited surface disturbance. Surface

topography should be flat or a very gently rolling landform. Slopes should not

be any steeper than 5:1. Topsoil should be stockpiled and replaced to a depth of
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at least two feet over suitable overburden of sand, gravel, or porous rock. Fer-

tilizing, mulching and mechanical seeding are necessary and irrigation highly

desirable.

Impacts

Crop failures due to climatic variation and lowered soil fertility

could be expected and average yields uneconomical unless irrigation is available.

Erosion would be expected on dryland areas where summer fallowing is practiced

and air and water quality reduced. Recreation use would be eliminated or severely

restricted during parts of the year. Most cropland is seeded to a monoculture

such as wheat or alfalfa, thus limiting diversity of wildlife habitat. Livestock

grazing would be limited to specific seasons of the year. Economic and local

demand for farm products would bear directly on this alternative.

Urban and commercial development

Urban and commercial development would be best suited to flat to gently

rolling topography with lakes or reservoirs. Topsoiling would be desirable but

not essential for this type of development. Fertilizer, mulch, and mechanical

treatment would be needed to establish desired landscaping. Introduced grasses,

shrubs, and trees would be used, including the use of water for irrigation.

Impacts

Choosing urban and commercial development following mining would

exclude other land uses almost entirely. This land use option would represent a

permanent change since potential for wildlife habitat, livestock grazing, and

cropland production would be eliminated. Impacts from increased erosion would

occur during construction operations and ambient air quality would be reduced.

Increased pollution of local water ways would occur. Noise levels would be
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increased. The need for community expansion in terms of alleviating congestion

or increasing quality of living could dictate a high-value option for this use.

Multiple use

Multiple use or a combination of the above alternatives would provide

optimization of the various uses in harmony with land capability.

Impacts of land use alternatives

The selection of post occupancy land use would be a decision of the

land management agency on federal holdings and would be based on planning

objectives encompassing least adverse impacts on the environment. With respect

to private land, ultimate use objectives will have to be developed cooperatively

with the land owner. In either case, impacts vary with the objectives chosen.
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Alternate Mode of Distributions

Rather than mine and ship by railroad the predicted 150 million tons

of coal per year by 1990, coal (or its energy) could be distributed by five

other modes:

1. Transmission lines from mine mouth electric generating plants.

2. Pipelines for gasification plants.

3. Slurry lines from mine mouth plants.

4. Trucks.

5. Conveyor belts.

Anyone of these modes with or without the railroad could possibly be

adopted. All five modes would have a population impact in terms of construction

personnel for transmission lines, gas lines, slurry lines, roads and conveyor

belt installations. Population would peak at the height of construction

activities. Community demands, recreation and other land uses would be tempo-

rarily affected by this influx of construction people. After the construction

period, the number of people would be reduced to that necessary for operation

and maintenance of the distribution systems. Each system will require rights-

of-way of varying width and number. Impacts of coal mining described in

Chapter V, of this part, will still occur.

Transmission lines

The predicted 1990 output of 150 million tons of coal would produce

about 246 billion kilowatt hours and require about 25 transmission lines of 73:i-

kv capacity to distribute this energy yield.* Powerlines would be a visual

distraction on the environment and require about 23 acres per mile of

*This is based on transmission lines 600 miles long, if the lines were 300 miles
long, only 15 transmission lines of 735 kv would be required.
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right-of-way for each line. Installation of transmission lines have the least

damaging affect to the surface environment of the various distribution systems.

The only significant excavation would be for foundations of transmission line

towers. However, access roads to and within the right-of-way would be required

for construction and maintenance. Regular inspection of the lines could be by

helicopter, but recreationist and other land users would probably make use of

the access roads. Transmission lines would have no significant effect on big

game migration.

Assuming that 19 transmission lines (13 to the east and 6 to the south)

would be required, approximately 16,400 acres would be needed for rights-of-way.

Only 2,400 acres would be disturbed by construction of the railroad and 1,100 of

this would be permanently occupied.

Pipelines for Gasification Plants

If the total annual production of 150 million tons of coal were pro-

cessed for gas, a large network of pipelines would be needed to distribute the

gas from about 13 plants of 250 million cu. ft./day capacity using the Lurgi

process. Present pipelines could possibly absorb some of this production but

many new lines and pumping stations would have to be constructed to handle the

large quantity of gas. Buried pipelines have a major initial impact on the

surface because of the trenching necessary during installation; however, the

disturbed surface can be revegetated and restored to essentially the same use as

prior to installation. Pipelines require about 12 acres per mile of right-of-way.

After construction and restoration, the visual impact is practically nil. Minor

surface disturbances will occur occasionally to repair leaks and breaks in the

lines. After construction, the impact to big game migration will be insignificant.
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Assuming that 200 to 400 miles of additional pipelines within the

study area are required to transport the gas, 2,400 to 4,800 acres would be

temporarily disturbed. The railroad construction would temporarily disturb

2,400 acres and 1,100 acres would be permanently occupied.

Coal slurry pipeline

A detailed description of development of a coal slurry pipeline can be

found in Chapter III of this part.

A coal slurry pipeline would be capable of transporting a portion of

the planned coal production to a point of consumption. The proposed coal slurry

pipeline for the basin would be a 38 inch pipe requiring an average right-of-way

width of 100 feet. Depending on terrain to be crossed it will require a pumping

station every 60 to 90 miles. The 38 inch pipeline has the capacity of trans-

porting 25 million tons of coal per year. This is only 17 percent of the total

150 million tons annual production planned for 1990. Six of these lines would

be required to handle the total coal production.

Impacts of slurry pipelines

Construction of the pipeline would require vegetative and soil dis-

turbance on an average of 12 acres per mile of line. Each pumping station would

require 30 acres. For a line of 200 miles this would mean a total of 90 acres

of land removed from production for the pumping stations. Long pipelines would

be required to reach markets. In addition to pumping stations, facilities

required for preparation of the coal slurry would remove another 60 acres of land

from production. Transporting 25 million tons of coal would require the con-

sumptive use of 15,000 acre-feet of water per year from the basin. Construction

of the pipeline would involve at a peak period 950 to 1,100 men. This would have
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short-term impacts on the communities along the pipeline route. Operation of

the facilities would require considerably less people.

Once buried, little evidence of the pipeline would remain except for

the pumping stations. The pipeline would operate continuously. Except in the

vicinity of the preparation plant and pumping stations little noise would be

noticeable. Disposition of the water could create problems at the pipeline

terminal unless the water is utilized in the power plant. Operation of the

preparation plant would require 58 megawatts of electrical energy.

The probability of a pipeline break or leakage always exists. As the

line would cross underneath many rivers and streams, there is a high potential

for damaging spillage with resulting water and land pollution. Any spillage or

leakage into water courses will result in damage to aquatic life, aesthetics and

recreation values.

About 180 miles of pipeline would be needed within the study area,

temporarily disturbing 2,160 acres of land, while the railroad construction would

disturb 2,400 acres and permanently occupy 1,100 acres. Consumptive use of 90,000

acre-feet of water per year would also be required.

Truck transportation

The feasibility of transporting coal by truck is assumed to be limited

to short hauls such as between mine and power plants, railroad or slurry pipeline.

Truck size would be limited and a great number of trucks required. The maximum

gross weight for trucks on Wyoming highways is 79,900 pounds or 39.95 tons.

Truck size would have to be within the range of 30 to 35 tons. Over 79,900

pounds, a special permit is required and a special use tax assessed.
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Assuming that all proposed coal production would require transportation

by truck from mines to other facilities, about 5 million 30-ton or 4.25 million

35-ton truckloads would be required to haul the predicted yearly output of 150

million tons of coal by 1990. If 100-ton trucks were used, 1.5 million loads

would be required. Roads capable of handling this volume do not exist in the

area. Heavy truck traffic would disrupt normal traffic, create hazards to humans

and wildlife, and consume vast amounts of scarce petroleum products.

If larger trucks were used to haul coal, construction of special

facilities and highways would be required. Volume of traffic would dictate need

for multiple lane highways. Such highways would be a physical barrier to wild-

life similar to a railroad. Construction would require earthmoving and

structures similar to that of a railroad. Highway grade tolerances are greater

than those for railroads and would require less extensive cutting and filling to

achieve acceptable grades. Depending on highway specifications, the land sur-

face occupied could be equal to or greater than the railroad. Side roads would

have to be extended to mine sites.

Frequency of truck usage would result in constant high noise level;

in open country noise carries for considerable distances since there are no

barriers to absorb sound. Truck exhaust emissions would affect air quality. A

large work force would be needed to operate a truck transportation system

including drivers and service personnel. Storage yards, repair facilities and

terminal facilities would also be required. These would occupy large areas,

and spread environmental impacts over a wider region.

Conveyor-belt systems

Belt conveyors can be used as an alternative transportation method to

railroads. Expertise is sufficiently advanced to assure technically sound
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construction and performance of single or multiple flight belt conveyors for

coal transport. A single belt conveyor capable of transporting the large amounts

of coal required (150 million tons per year by 1990) over the distances specified

has never been constructed. Single conveyors capable of transporting as much as

20,000 tons per hour of coal are under design study. A conveyor of this size

would have to be operated on a 24-hour basis for 313 days to haul the estimated

yearly production by 1990.

Multiple conveyors capable of transporting required tonnages can be

constructed, but never have been for the distance involved. Thus, belt conveyor

transport systems designed to substitute for rail transport are a new and

experimental system not to be considered lightly nor undertaken without extensive

design and pilot work.

Belt conveyor systems would more likely be used to substitute for rail

spurs to single mining operations rather than substitute for the rail link

between Gillette and Douglas, Wyoming.

Belt conveyors offer great design flexibility and economy in those

instances where distance and quantity requirements are well known and are ex-

pected to remain relatively fixed. In the Eastern Powder River Basin, coal

production is expected to increase steadily and become large in the next ten

years, thus requiring constant expansion and improvement of any envisioned belt

system. On the other hand, the rail system offers less design flexibility but

is more suitable than belt systems to surge loading and peaking transport

requirements.

A belt conveyor would be subject to belt lift by wind and would

create quantities of coal dust downwind. To decrease dusting, the entire

length of the system would be necessarily hooded or guarded against wind.
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This would add to the visibility of the structure and increase the impact on

wildlife and aesthetics of the area. Electric motors are normally used to

power the belts. They would be located at frequent intervals along the lines

requiring service roads, electric transmission lines and other service

facilities.

Extensive land areas would be required at loading points and at end

points where coal is to be transferred to other transport systems such as

rail. At these transfer points, large surge capacity would be necessary

because the belt system would be transporting well over 100 million tons of

coal per year at a relatively constant rate for subsequent movement.

Impacts

Construction of a conveyor system would cause impacts similar to

railroad construction.
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Alternative to Private Development

The federally owned coal reserves and resources of the area would be

developed, mined, and marketed by a federal organization. Private surface owners

and existing lessees of federal coal would necessarily be compensated in those

areas to be developed. This federal mining would require enabling legislation

by Congress before implementation. The possibility that Congress would enact

the necessary legislation is speculative. Any federally owned or controlled

mining organization would likely strive for efficiencies in production compa-

rable to existing companies under a free-enterprise system. Machinery, labor

requirements, and scales of production would be similar to most of the existing

and proposed mining operations.

Impacts

Impacts could be about the same as those resulting from the pro-

posed actions unless central authority was broadly exercised from a single

managerial point.

Under a strong central organization, such as a federal coal agency with

responsibility for the coal resource, there would be greater opportunity for

centralized research capability, more conservation of the lands and their

resources on a regional basis, and better zoning and legal control of land

within Campbell and Converse Counties.

The total impact through time from the mining of coal in the Powder

River Basin indicated in Chapter V of this part might thus be partially lessened

by central control of the coal basin. An example of one such agency, although

directed to a different function, is the Tennessee Valley Authority.
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Alternate Utilization Methods

Two alternate methods to utilize coal near the mines have been proposed:

steam powered electric generating plants and gasification plants. Two electric

generating plants are currently operating within the study area; one is scheduled

for expansion. Two additional power plants, both water-cooled with a minimum

size of 500-megawatts are assumed by 1990. One gasification plant has been

proposed; another is assumed by 1985. Descriptions of electric generating and

gasification processes are found in Chapter II.

Three onsite generating plants with a rated output of 10,000 megawatts

each would be required to utilize the assumed coal production of 150 million tons

in 1990. Proportionately, six plants of a 5,000 megawatt output would consume

the same amount of coal. Additional transmission lines would be needed. Thirteen

gasification plants would be required, with supporting facilities, to utilize

150 million tons of coal mined in 1990. Pipelines or other facilities would be

needed to import water and pipelines would be used to export the synthetic gas.

The impacts of coal mining would still occur, however impacts not

occuring if these alternatives are utilized would be those associated with rail-

road construction.

Environmental impacts

Onsite power generation

The local environmental impacts that would result from onsite power

generation would be: 1) degradation of air quality by stack emissions; 2) land-

use problems related to ash disposal; 3) noise from the generating station;

4) the large quantity of water needed (approximately eleven acre-feet per year

for each megawatt of power produced; 5) impacts on aesthetics and recreation use

by the generating station, miles of transmission lines and support facilities;
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6) dust related to coal handling, processing, and ash disposal; 7) loss of land

used by the generating station and support facilities (1,000 to 10,000 acres

for each power generating station and approximately 23 acres per mile for a

345-kv transmission line); 8) increased employment and related economic benefits

in the region; and 9) increased impact on the social-economic conditions.

Generating plants alone would require 30,000 acres, while the rail-

road would permanently occupy 1,100 acres. Trains would emit fewer pollutants

than the generating plants and require very little water.

Gasification

Like natural gas, the products of coal gasification (synthetic natural

gas) are clean-burning fuels. As a result, pollution control features are an

inttgral part of the manufacturing process.

Environmental problems common to all ventures using coal for gasification

are water consumption and contamination, air pollution from sulfur components

and particulate matter, and possible noise and site pollution.

Plant operation, including handling and transporting the coal to the

process site and converting the coal to gas, will involve large quantities of

coal. Major emissions that must be controlled are sulfur and nitrogen oxides,

bottom ash, slag, and fly ash. Since coal conversion plants are located near

strip mines, ash and slag from the process can be returned to the open cuts, and

the ground restored in accordance with environmental considerations. Technology

for controlling sulfur and nitrogen oxides from such plants is under development.

To illustrate the order of magnitude of the major emissions that would

have to be handled from a commercial coal-to-pipeline gas plant, the Federal

Power Commission's National Gas Survey gave the following estimates, based on a
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plant producing 250 million standard cubic feet per day of pipeline gas from

coal with 3.7 percent sulfur:

Table 2

Benzene

Short Tons Per Day

336 - 504

112 - 168

11 - 78

56 - 336

trace to 448

1,680

Sulfur (mainly as hydrogen sulfide)

Ammonia

Phenols

Oil and tars

Ash (based on coal with 10% ash)

Plant operation requires large quantities of water for cooling and for

scrubbing gases, perhaps as high as 30 million gallons per day for a completely

water-cooled plant producing 250 million cubic feet of synthetic gas per day.

The discharge of contaminants such as phenols, benzene, oil and tars must be

controlled by use of purification systems integrated into the facility or by

recirculation of waste to extinction. Process waste solids such as spent

dolomite, in the case of the C02 acceptor process, may present problems of

surface water contamination.

This one plant site would require approximately 1,000 acres of land

which would be removed from any other type of production for the life of the

project.

Waste solids such as char, granulated extract, and powdered sulfur

must also be disposed of. Much of the solid waste could be used as fill in

trenches left by surface mining operations prior to recontouring of the land to

match its original surroundings.
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Construction employment, with a peak of 2,500 to 3,000 employees, could

significantly impact the local communities. Permanent employment would be at a

lower level, 600-800 people, but could still cause serious impacts on the local

social and economic conditions.

Secondary impacts could result from the production of by-products

associated with the gasification process. By-products could include; 30-40,000

tons of sulfur per year, and 100,000 tons per year of ammonia and phenols. These

by-products, would require storage areas and facilities or disposal systems.

About 13,000 acres would be occupied by gasification plants while the

railroad would occupy 1,100 acres. Less pollutants would be released in the

area by rail transportation, and little water is required for operation of diesel

trains.

All impacts from coal mining would remain the same as described in

Chapter V, of this part except part of the void left from removing about 70 feet

of coal could be partially filled by the ash. Assuming that all of the coal would

be utilized at mine mouth for generating or gasification plants, the need for a

new railroad and expansion construction of new plants elsewhere would be

eliminated.
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Alternative Sources of Energy

This section describes and analyzes alternative sources and forms of

energy. Traditional sources such as oil and gas and the more exotic new energy

sources such as magnetohydrodynamics, solar, tidal, etc., are examined to the

extent present technological development permits. To replace Eastern Powder

River coal at projected development levels would require annual energy

equivalent of 1.5 quadrillion Btu (1 quadrillion = 1,000,000,000,000,000) by

1980, 2.0 quadrillion Btu by 1985 and 2.6 quadrillion Btu by 1990. It is

unlikely that anyone source could be expected to furnish this quantity of

energy. The final section examines briefly the outlook for a combination of

energy sources other than Eastern Powder River coal.

Using the Btu as a basis for converting other energy materials to the

equivalent of coal production from the basin for the three time periods, Table 3

indicates a scale of quantities from five energy sources that would compare with

basin development.
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Production from the Outer Continental Shelf (OCS)

This alternative would require increased exploration, development, and

production of crude oil from offshore areas. Supplies of petroleum equal to all,

or an appreciable part of the projected coal production from the Eastern Powder

River Coal Basin of Wyoming (estimated at 1,543 million short tons from 1974 to

1990), would have to be developed and produced in addition to petroleum that

would otherwise be produced from OCS resources under the present leasing

schedule during the same time frame. About 4,567 million barrels of oil or an

average of 268.6 million barrels of oil per year would be needed to provide the

equivalent energy (Table 3). This alternative is not immediately feasible

because it would require the conversion of two power plants that are built to

use solid fossil fuel to two capable of utilizing petroleum. Additionally, it

is questionable that the increased oil could be immediately produced, refined,

and transported to the power plant sites without seriously disrupting the

operations of other users. This alternative would also require the increased

production of crude oil from offshore areas to provide fuel for the numerous

power plants planning on supplies of coal from Eastern Powder River Coal Basin

of Wyoming.

In his April 18, 1973 Energy Message, the President announced that he

had directed the Secretary of the Interior to take steps to triple the acreage

leased on the OCS for drilling for oil and gas by 1979. In response to the

President's Energy Message, Rogers C.B. Morton, Secretary of the Department of

the Interior, issued a proposed schedule of provisional OCS leasing on July 11,

1973, calling for three sales per year of as many as one million acres each.

The President also announced that leasing would begin in new frontier

areas, including areas beyond the 200-meter isobath, and beyond the Channel

Islands in the Pacific if the environmental impact statements indicate it can be
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Table 3

Energy Yields of Various Fuels

Energy Sources Conversion Rates
- 1 Ton Coal

Cumulative Projections Based on
Coal Production

Eastern Powder
River Basin Coal
Production

Petroleum

1980 1985 1990
N.A. 296 MM Tons 858 MM Tons 1543 MM Tons

3.74 Bbl 1,107 MMbbl 3,209 MMBbl 5,720 MMBbl

16.700 Mcf 5 MMcf 14 MMcf 26 MMcf

2.96 Bbl 876 MMbbl 2,540 MMBbl 4,567 MMBbl

4.92 Tons 1,456 MM Tons 4,221 MM Tons 7,592 MM Tons

0.08 lbs 23.7 MMlbs 68.6 MMlbs 123.4 MMlbs.

LNG*

Nat. Gas

Oil ShaleMc

Uranium***

Fuel Energy Yield (Btu per Unit)

Coal 17.2 million Btu per short ton (8,600 per pound)

LNGic 4.6 million Btu per barrel

Natural Gas 1,032 Btu per standard cubic foot (SCF)

Petroleum 5.8 million Btu per barrel

Oil Shale** 3.5 million Btu per ton

Uraniumicic* 214 million Btu per lb of U308 (Coal Age Apr. 74)

icLNG =
idcBased

ic*i<Yield

Liquified Natural Gas
on a production standard of 25 gallons of shale oil per ton
is dependent on thermal efficiency and load factors of reactor systems.
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done safely. He directed the Council on Environmental Quality, in cooperation

with the National Academy of Sciences and other government agencies, to complete

studies within one year on the environmental suitability of drilling on the

Atlantic OCS and the Gulf of Alaska. By 1985, this accelerated OCS leasing

schedule could increase annual production by approximately 1.5 billion barrels

of oil which is approximately 16 percent of our total projected national energy

requirements, assuming that production from current leases is maintained.

The offshore areas of the United States are estimated to contain

resources of 186 billion barrels of crude oil and over 844 Tcf (trillion cubic

feet) of natural gas recoverable with existing technology. These amounts

represent approximately 40 percent of the nation's total undiscovered oil and

gas resources and offer especially promising opportunities for discovery because

many onshore areas thought to be geologically favorable for oil and gas have

already been explored and developed.

The Federal Government has leased OCS lands since 1954. Currently,

leases on the OCS are producing more than 400 million barrels of oil and about

3 Tcf of natural gas annually.

In 1969, after problems with oil leaking in the Santa Barbara Channel,

regulations of the Department of the Interior governing leasing and operations

by lessees on the OCS were extensively revised and strengthened. Since then, a

continuing effort has been made to improve safety and pollution control standards

for a wide range of operations including drilling procedures, well abandonments,

well completion procedures, waste disposal, and the installation and operations

of platforms and pipelines. Inspection procedures have been standardized and a

statistical basis for inspection strategy has been developed. The OCS field

inspection staff has been tripled since 1969. Six full-time helicopters are in

use and a radio communication system has been installed. The revisions and
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strengthening of OCS operating standards and the increase in surveillance

personnel have resulted in a marked improvement in OCS operations with regard to

oil spills. There were no major oil spills in 1972. Minor oil spills in 1972

were reduced by 45 percent from 1971.

Changes that could stimulate additional development of resources

include price increases, subsidies, tax benefits, and changes in leasing pro-

cedures. The cost and effectiveness of such changes are largely unpredictable.

The timeliness and the volumes of increased supplies of oil and gas that would

result from increased incentives are also unpredictable. It is estimated that

the time lag between leasing and production in the frontier areas will be as

long as 12 years.

Geophysical exploration phase

The prime objective of structural analysis of the continental shelf

is to locate geologic structures, such as local upwarping of the sediments,

which are favorable for the accumulation of petroleum. A knowledge of the

subsurface geology is also necessary to detect near surface conditions, such as

recent faulting or high pressure zones, which are potential hazards to explor-

ation and production operations.

In seismic exploration a ship travels along a predetermined path towing

signal generating and recording equipment. The energy source generates a series

of small amplitude seismic pulses that travel at thousands of feet per second

through the water and sediments below where they are reflected and refracted by

the underlying strata. An array of sensitive hydrophones towed by the vessel

detects incoming seismic waves which are recorded on magnetic tape, processed,

and displayed as vertical cross sections. By assembling cross sections run in
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various directions, a three-dimensional picture can be constructed indicating

location, size, and form of geologic structures favorable for oil and gas

accumulation.

In the early years of offshore exploration, explosive charges detonated

in the water layer provided the energy source for seismic waves. Safer equip-

ment and methods such as vibrator systems, sparkers, air guns, and gas guns

have evolved within the last five years and now account for well over 95 percent

of marine seismic activity.

Exploratory drilling phase

Most offshore exploratory drilling is done by mobile drilling rigs

that can be moved from one location to another with relative ease. These mobile

rigs include those that are bottom-supported while drilling (jack-ups) and those

floating rigs that are held in position over the site by anchors (semi-submersibles).

Shallow (less than 300 feet) water exploratory drilling is commonly carried

out using a "jack-up;; type drilling rig, while deeper vaters require the

use of semi-submersible rigs.

The drilling process itself is virtually the same as onshore drilling

described in the previous onshore section but with a few modifications. The

drill pipe is run through a casing called a riser that extends from the floor of

the mobile rig to the ocean floor. Drilling mud that has traveled down inside

the drill pipe returns to the rig inside the riser. Well casing is set as

drilling proceeds. This prevents unconsolidated or loosely-consolidated zones

from caving in and plugging the hole. Unconsolidated zones are a common

occurrence offshore Louisiana.

Whereas onshore drilling mud is collected in pits or in mud tanks at

the drill site, offshore drilling mud is also collected, stored, and reused.
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Drill cuttings, however, are cleaned of oil and released to settle on the

ocean floor.

Should a well be what is termed a "dry hole," it is plugged with cement

as dry holes onshore are plugged. The casing is cut off at least lS feet below

the mud line, all obstructions are removed, and the bottom is dragged to be sure

no obstructions remain. If the well shows commercial quantities of hydrocarbons,

then decisions must be made about development of the reservoir, setting the plat-

form, drilling the production wells, and getting the production on stream.

Production and workover phase

Offshore production operations are usually conducted on fixed, bottom-

founded, water surface-piercing platforms. The platform is generally fabricated

in two pieces at a shore-based facility according to design specifications of

the petroleum producers. The two component pieces, the supporting structure and

the upper, horizontal platform, are then towed or barged to the installation

site. The structure is emplaced by controlled flooding and sinking of the lower

end of the tubular legs. The horizontal platform is then lifted into place on

top of the tower and welded to it. The drilling derrick, rig power plants,

generators, living quarters, storage sheds and other components, constructed

in modular form, are added to the platform, and production well drilling

commences. The sequences of drilling operations for production wells is

essentially the same as for exploratory wells.

Wells usually are produced through tubing placed inside the final or

production string of casing. During tubing installation, blowout preventers

remain in use to insure control of the well. A system of in-tubing safety

valves, plus other casing and tubing valves at the surface or seafloor, is

installed to control well flow. Actuation is usually at the producing platform.
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A wellhead, consisting of several redundant control valves, is installed at the

platform cellar deck level and subsurface safety valves are installed at depths

varying from a few hundred to several thousand feet in the tubing string. Of

major concern in the operation and control of every production platform are the

downhole control devices. Production tubing is fitted with one or more safety

valves that are installed and located at least 100 feet below the mud line or

seafloor. In the past, velocity choke valves designed to shut off production

when the flow rate exceeds predetermined limits have been used. Such valves

should close if surface equipment failure results in an excessive flow through

the tubing. These chokes are particularly susceptible to failure from internal

erosion in areas where sand is produced along with the oil and gas.

Certain types of fail-safe valves do not depend on the velocity of well

fluids for actuation but are held open by hydraulic or other fluid pressure

applied from the surface. Release of this pressure by a control signal, or by

an accident, causes them to close immediately. Their use will increase costs

significantly, but the need for more reliable valves has been shown by recent

incidents in the Gulf of Mexico and elsewhere.

Produced formation water

The waters associated with oil and gas pools which are frequently

produced along with the oil and gas are called formation waters. The lower

edge or boundary of most oil and gas pools is marked by an oil-water or

gas-water contact. In some pools, water is produced with the oil in early

stages of production whereas, in others, little water comes up with the oil.

Most formation waters produced are brines characterized by an abundance

of chlorides, mostly sodium chloride, and have concentrations of dissolved solids

several times greater than that of sea water. The total amount of mineral matter
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commonly found dissolved in oil-field waters ranges from a few parts per million

(ppm), nearly fresh water, to approximately 300,000 ppm, a heavy brine.

Formation water produced offshore can be treated to remove entrained

oil and discharged off the platforms into the sea, it can be piped to shore for

treatment, or it can be reinjected into subsurface formations for the purpose

of maintaining good reservoir pressure.

Solid waste disposal

All solid waste accumulating from daily drilling and production

operations is collected in large containers constructed of heavy grating. To

reduce the bulk before transfer to shore, wastes are sometimes compacted in burn

baskets suspended from the platform and burned. Ashes are allowed to fall into

the water. Non-combustible solids are then loaded into service boats for

transfer to shore where they are emptied into sanitary landfills.

Workover operations

Since petroleum production involves the handling of flammable fluids

under pressure, the safety systems control is of utmost importance to preclude

hazardous conditions. Nowhere is this hazard greater than during workover or

remedial operations on a well in order to improve its production rate or to

replace faulty downhole equipment. Since workover operations are potentially

hazardous, they must be planned carefully, both to keep wells from getting out

of control and to prevent or minimize the release of oil to the environment. To

reduce pollution, specially treated salt water that can be weighted with various

materials is used for hydrostatic control when re-entering the wells in wire-

line or swabbing operations.

To increase production, acid or other fluid and suspended particulate

matter may be pumped through the wellbore into producing formations. The spent
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acid returns up the well when production is resumed and is handled as are other

fluids from the well. Oil and water contaminated with the acid are disposed of

ashore.

Sand produced along with the well fluids can cause wells periodically

to plug, or "sand up," and must be removed. Other procedures to increase pro-

ductivity and oil recovery include the injection of high-pressure steam, water,

and/or gas. The water used for this purpose may be taken from the ocean or from

formation water. Contaminated water may be reinjected into formations, taking

suitable precautions to insure that fresh water aquifers will not be contam-

inated by oil or salt water. Gas produced from the well may be reinjected for

pressure maintenance where feasible or piped to shore for sale.

From the safety standpoint, completion and workover operations must

be carefully conducted; it is their critical nature that, in all likelihood,

makes these operations safer than they otherwise might be. Operators of swabbing

and wire-line units are well aware of the hazardous nature of their work and are

extremely cautious. Despite the potential hazard, safety records during wire-

line and swabbing unit work are excellent.

Construction and maintenance of pipelines

After estimates of producible oil and gas have been made, plans for

pipeline construction are formulated. Pipelines laid offshore are fabricated

by welding sections together on a barge while simultaneously moving the barge

forward and allowing the completed expanse of pipeline to sag downward and lay on

the bottom. In nearshore areas, if space permits, pipelines are welded together

on the beach and the completed string pulled out to sea by a workboat.

In depths under 200 feet, present OCS administrative procedures require

burial of the pipeline. Burial is effected by jetting sediment away from
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underneath the pipe and allowing it to sink into the resulting trench. Over a

period of time, settling and reworking of sediment by underwater currents buries

the pipeline.

Pipelines near and crossing the shore are buried deeply enough to avoid

exposure by storm-associated beach erosion. From shore the pipeline construc-

tion is extended toward a storage facility, gas processing facility, interstate

gas line, or a major existing pipeline system. Where a pipeline crosses firm

soil or sand, it is buried by entrenching and backfilling. In other areas the

pipeline is buried by jetting-out around the pipeline. In the saturated coastal

marshes, sections of the pipeline are usually floated through a narrow ditch,

called a shove-ditch, welded together, sunk, and buried by backfill.

To prevent corrosion, most pipelines are carefully coated with such

materials as epoxy compounds or thick asphaltic mastic. If mechanical damage

seems likely during installation, these, in turn, are covered with a layer of

dense concrete. The lines are protected from electrolysis by both impressed-

current systems and by sacrificial anodes (zinc is commonly used) .

Pipelines are also commonly equipped with a number of redundant

systems to control flow and detect small leaks. On larger platforms a control

center, from which all valves can be operated by remote control and which gives

constant communication with other points on the line, is manned 24 hours a day.

Line pressure and flow rate sensors linked to automatic shutdown devices cut off

all flow in the event of a leak. Block valves and check valves can isolate a

leaking section of a pipe quickly. In addition, the lines are inspected as

appropriate by submersibles (small submarines), divers or other methods.

Offshore pipelines can be repaired by divers, although with much

expense and difficulty. Methods of repair using submersibles with mechanical

arms and special tools are under study and nearing the point of practical demon-

stration. 1-717



Terminations of offshore oil and gas operations

When the reservoir has been depleted to a level where it cannot be

profitably produced, operations are terminated. The production platform is

removed and the wells are plugged with cement; the casing is severed at least

15 feet below the mud line and all obstructions removed. All that remains is the

pipeline system. Frequently, major trunklines can be used for future oil and

gas production from adjacent areas, but smaller spur lines are abandoned in

place.

Special considerations beyond 200 meters

There is, as yet, no production in water depths greater than 200 meters

(656 feet); however, there may be extensive reserves at greater depths. Leasing

beyond 200 meters was called for in the President's Energy Message of April 1973.

Deeper waters will require new techniques such as submerged production

systems secured to the bottom of the sea. Each such system would include a

cluster of wells drilled directionally from floating rigs. The entire underwater

operation involves advanced technology with electronics to monitor and "instruct"

each unit, hydraulics to open and close valves, and safety devices that will

automatically close off any part of the system that malfunctions. If a

malfunction should occur, it might be extremely difficult to correct.

Resource base

Estimates of a resource base involve quantifying the amount of mineral

resource in both known areas, for which data are plentiful, and unknown areas,

for which data are scarce. Table 4 shows estimates by the U.S. Geological

Survey as of March 2, 1973, on the resource base of the U.S. offshore oil and gas.
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Table 4

u.s. Oil and Gas Reserves and Resources
(Oil* in billions of barrels; gas in trillions of

cubic feet)

Proved Reserves Recoverable Resources**

Pacific 2.3 2.0

Oil Gas

201. 2 1,077 .2

62.0 280.0

15.7 171.0

75.5 406.2

48.0 220.0

Off shore**1~ Oil Gas

Total 5.84 38.8

Alaska

Gulf of Mexico 3.54 36.8

Atlantic

*Includes natural gas liquids.
**Does not include proved reserves.

***Includes shelf and slope to 2,500-meter depth.

Proved reserves are those calculated from known parameters at the

wellhead while recoverable reserves include all other known oil and gas resources,

less that amount which cannot be recovered. Recoverable reserve figures are

derived from a volumetric measure of sediment and from the best geologic

information available.

For comparison with the Geological Survey estimates given previously,

the National Petroleum Council's estimate of oil reserves and of natural gas

reserves is presented in Table 5.
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Table 5

National Petroleum Council's Estimates
of Oil in Place

(oil in billions of barrels)

Oil Discovered Oil Remaining to
Offshore Oil in Place as of 1/1/71 be Discovered

Total 176.5 16.3 160.2

Alaska 73.9 2.9 71.0

Pacific 49.6 1.9 47.7

Gulf of Mexico 38.6 1l.5 27.1

Atlantic 14.4 0.0 14.4

Note that oil remaining to be discovered is not the same as "Recoverable

Resources" in Table 4. The percentage of oil in place that can be recovered

varies from reservoir to reservoir depending on individual reservoir conditions,

and recovery factors cover a wide range of values. NPC estimates presented here

are intended as merely a general comparison with USGS estimates~ It can be seen

that the Geological Survey estimates are considerably higher than NPC estimates

for the Gulf of Mexico and the Atlantic Coast but considerably lower for Alaska

and the Pacific Coast.
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Table 6

National Petroleum Council's Estimates
of Gas in Place

(gas in trillion of cu.ft.)

Gas Discovered Gas Remaining
Offshore Gas in Place as of 1/1/71 to be Discovered

Total 537.5 51.0 486.5

Alaska 277 .4 5.1 272.3

Pacific 3.8 0.5 3.3

Gulf of Mexico 201.8 45.4 156.4

Atlantic 54.5 0.0 54.5

The differences between NPC gas estimates and USGS gas estimates are

even more dramatic than for oil. Such variations may indicate the magnitude of

"unknowns" involved in estimating supplies of oil and gas.

Economic considerations

In 1972 federal OCS production amounted to 412 million barrels of oil

and condensate and 3 trillion cubic feet of gas which is equivalent to 5520 x

1012 Btu. Supplies of oil and gas are being produced from state offshore areas,

particularly in Alaska where 64 million barrels of oil and 75 billion cubic feet

of gas were produced in 1972, 100 percent of which were produced from state-

owned areas. California, Louisiana, and Texas also have produced considerable

amounts of oil and gas from state offshore areas. Production of oil and

condensate and gas from offshore leases decreased in calendar year 1972. For

this period the total offshore (state and federal) production of oil and

condensate represented about 16 percent and gas represented about 15 percent of

the total U.S. production, respectively. About 12 percent of the U.S. production

of oil and condensate and more than 13 percent of the gas carne from the federal OCS.
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Leasing in frontier areas shows greatest promise for increasing our

oil and gas supplies, but it may be noted here that frontier areas may require

lead times of five years and longer between leasing and production.

Prior to any decision to lease OCS lands in the Gulf of Alaska and Mid-

Atlantic areas, broad planning studies of the environment, natural resources,

economics and other regional factors must be made available and carefully

analyzed. Until the results of the studies are fully evaluated, leasing programs

can not be implemented. In addition, the question of respective federal and

state OCS jurisdiction in many offshore areas is currently in litigation. Until

these issues are resolved, leasing action will be delayed if not cancelled.

The continental shelf of the U.S. measures 875,000 square miles or

about 560 million acres and is relatively undeveloped. Of this area, 290,000

square miles or about 186 million acres are in the Gulf of Mexico, offshore

Atlantic and offshore Pacific. As of Dec. 31, 1972, approximately 2.3 percent

of these 186 million acres, or 4.3 million acres, were under lease. Also, as of

this date there were 9,420 producible oil and gas zones; there were 1,963 fixed

platforms in place including single and multi-well structures; and there were

6,000 miles of oil and gas pipelines in operation.

In the Gulf of Mexico, production platforms have been installed in

water depths of up to 373 feet and drilling has been conducted in water depths

in excess of 500 feet at a distance of 125 miles from shore. In the Santa

Barbara Channel, production platforms have been installed in water depths of

193 feet and drilling has been accomplished in water depths of 1,497 feet.

During the calendar year 1972, there were 846 new wells started and 486 comple-

tions in the federal OCS. The inevitable move into deeper water will impose

greater capital needs and a consequent need for more rapid payouts than the usual

12 to 16 years now pertaining in the Gulf of Mexico.
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Mobile offshore rigs and their costs include jack-ups ($9 million),

drillships ($12 million), and semi-submersibles ($20 million). 'ihere are 50 or

60 semi-submersibles, jack-ups, and drillships now being built representing a

cost of about $500 million. It may be noted, however, that many of these rigs

are destined for foreign operations. It is estimated that the move from depths

less than 200 meters to 1,000-foot depths may double exploration costs and

triple development drilling costs. It is evident, then, why the deep water

fields must be very large to be economically exploitable. Jack-ups are generally

rated for water depths less than 250 feet; the cost for such equipment for 400

feet of water is estimated at $17-19 million. The principal constraints to

lease scheduling imposed by equipment in the near future, however, are not costs

but rig availability for the types of exploratory drilling that may be required.

As of April 1973 on the state and federal OCS there were 60 working and four

idle mobile offshore rigs in Louisiana and three working rigs and one idle in

Texas for a total of 63 working and five idle. Exploration in California is

presently at a standstill. With a reduction in U.S. OCS operations there has

been movement of mobile rigs to foreign operations. At the present time, trained

manpower for offshore rig operations is in short supply. The 50 rigs under

construction will require 2,500 personnel over a period of about 18 months.

This number of personnel is not presently available nor are there any schools

for training them. Many companies carry extra manpower for training purposes,

but the need for extensive training is evident in that 86% of accidents result

from unsafe acts rather than from equipment failure. Lack of manpower is not

expected to constrain OCS activity although the lack of trained manpower may

reduce efficiency.

As operations move to deeper waters and more hazardous physical

environments, equipment, and data needs will increase. For specific areas, more
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detailed physical and climatic information will be needed such as wave height,

wind force, and storm data. For the short-term, traditional equipment will be

utilized until innovative equipment is developed. Equipment availability and

development depends to a large extent on the establishment and maintenance of a

progressive lease schedule which will allow lead time for technologic develop-

ments needed for exploitation.

Environmental impact

The development and production activity of oes leasing will result in

a variety of impacts on the natural environment, on other resource uses, on air

and water quality, on land use patterns, on the social order, and on the economy.

Some harmful impacts are the unavoidable result of routine operations while

others are caused by occasional human error. Still other impacts are avoidable

and can be controlled or avoided by safe operating practices and by regulations.

Impact on biota of the open sea

Except for the impact resulting from pipeline laying across the beach

and through the coastal wetlands, most impacts resulting from oes leasing affect

the plants and animals of the open sea. Impacts in the open sea ecosystem will

result from accidental loss of debris, discharge of drill cuttings, sand, drilling

fluids, the burial of pipelines, and the accidental spillage of oil or toxic

materials.

Impacts on pelagic marine life

Pelagic marine life includes a broad spectrum of organisms from all

trophic levels and includes the phytoplankton, zooplankton, nekton (euphausids,

shrimp, fish, squid, and marine mammals), and pelagic seabirds.
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Impacts that may be anticipated to have an effect on plankton will

result from accidental spills of oil (and associated use of emulsifiers) and

other toxic materials, discharge of drilling fluids and formation waters, and

burial of pipelines.

After an oil spill has occurred, oil which has not evaporated, been

carried ashore, or cleaned up will be dispersed as minute droplets in the water;

it may damage marine organisms and enter the marine food chain.

Little information is known concerning the effect of large spills of

crude oil on the zooplankton. Huford (1971) cites one experiment which showed

accelerated death of zooplankton exposed to diesel oil (0.1% for 5 to 60 minutes)

as compared to non-exposed zooplankton. Zooplankton have been observed to ingest

spilled Bunker C oil particles, however, with no apparent effect.

Small spills of fractions of a barrel to 50 barrels probably occur

on the order of a thousand times per year in the Gulf of Mexico. It is

difficult to determine potential impact from chronic, low-level spillage. A

few scientists have offered cautious speculation. A pessimistic view is taken

by Blumer (1969) who has stated:

If we are rather ignorant about long-term and low-level
effects of crude oil pollution. I fear that these may well
be far more serious and long lasting than the more obvious
short-term effects."

Blumer then points out that hydrocarbons are taken up into thE food

chain and can become concentrated in marine species used by man for food. He

states:

"One consequence will be the incorporation into food of
materials which produce undesirable flavor. A far
more serious effect is the potential accumulation in
human food of long-term poisons derived from crude oil,
for instance of carcinogenic compounds."
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Blumer also cautions that low-level pollution may damage the marine

ecology by masking natural chemical sex attractants, thus interfering with

chemical food sensing and enemy repulsion.

A somewhat less pessimistic view is taken by St. Amant who states:

"Chronic pollution from offshore production sites represents
an unknown factor. Daily drips and loss of small amounts of
oil or other chemicals overboard do not appear to generate
ecological problems because of the relative immensity of the
water column. Whether such sublethal pollution will eventu-
ally accumulate and cause environmental degradation is yet to
be determined. Because of this unknown factor, significant
effort should be made to prevent low-level pollution."

The regular discharge of formation waters, "brines," could have a

severe but extremely localized impact on plankton. Although only traces of

entrained oil remain, formation waters contain a heavy concentration of

dissolved salts and are devoid of dissolved oxygen. It could be anticipated that
(

the release of this water would result in a plume trailing away from the point

of discharge in the direction of the current with a core of perhaps a few feet

in diameter and tens of feet in length that would be harmful or lethal to the

plankton. Physiological stress would probably result from an osmotic imbalance

(cells losing water to surrounding brine) and low dissolved oxygen leading to

suff cca tion.

The remaining impacts on plankton will also be extemely localized and

are all related to increased turbidity caused by the discharge of drilling fluids

and drill cuttings and the jetting of sediments during underwater pipeline

burial. The effect of this turbidity on a given parcel of water usually lasts

a few hours at the most. The physiological effect would be to curtail the

penetration of sunlight and, therefore, depress synthesis by phytoplankton.

Nekton include all marine animals which are active swi~mers and are

able to migrate freely over considerable distances. This mobility, combined with
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their ability to sense irritation and their natural escape and avoidance

behavior, enables them to flee localized adverse conditions. Therefore, the

only significant impact that members of the nekton could suffer would result

from a massive oil spill.

No information has been found on the effect of spilled oil on members

of the nekton other than fish. Findings from laboratory experiments cannot be

easily applied to oil spills in the ocean. Although the potential for damage

to nekton is clear, the scope of actual impact remains unknown.

In the past, the injury and death of thousands of seabirds has been

the most obvious impact of massive oil spills. The insulating properties of

oil-clogged plumage are greatly reduced, resulting in heat loss. Ingestion of

oil can cause a variety of pathological conditions. Feeding may drop, causing

fat reserves to be exhausted. Indirect impacts could include loss of habitat

and nesting areas due to installation of onshore facilities.

Impact on benthic marine life

Environmental impacts which may be expected to affect benthic life

adversely will result from the discharge of drill cuttings, accidental spillage

of oil (and associated use of emulsifiers) and other toxic materials, and the

burial of newly constructed pipelines.

Spilled oil which has not been evaporated, cleaned up, or stranded

on a beach, after being dispersed into the water as droplets, adheres to

particulate matter and sinks to the bottom where it comes into direct contact

with the benthos. Studies of the effects of oil on benthos have yielded only

tentative and qualified conclusions. In the Arrow spill study (Bedford Institute

1970) lobsters appeared to be clean and normal in behavior. Scallops taken near

heavily oiled beaches were cooked and eaten and had no oily taste, but chemical
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analysis of scallops, along with periwinkles, sea urchins, and other bottom

dwelling organisms, revealed the presence of oil in the digestive tract, other

organs, and muscle tissue.

Data of Sanders, Grassle, and Hampson (1972) show immediate and nearly

complete mortality of many forms of benthic animals following the spill of No.2

fuel oil near West Falmouth, Massachusetts. The bivalve molluscs (clams, etc.)

seemed especially vulnerable. After a few months, affected areas were recolonized

by resistant forms. After about 10 to 20 months, the more sensitive molluscs

resettled many areas.

Chemical analysis of edible shellfish species made following the

West Falmouth spill revealed that the fuel oil had been absorbed or ingested and

could subsequently be found in oyster bodies and scallop muscles in quantities

sufficient to require the closure of shellfish beds to harvesting.

During drilling operations, drill cuttings are separated from the

drilling fluid, cleaned of any entrained oil and discharged into the ocean. A

diver survey during one operation revealed that the drill cuttings could be

detected over a circle 100 feet in diameter. In a small area in the center, the

deposit appeared to be about four feet thick. The same survey of the cuttings

deposit showed that benthic animals either migrated up through the deposit as

it accumulated or colonized even as deposition continued because it appeared to

be inhabited by several animals characteristic of "normal" benthic fauna.

During entrenchment of new pipelines most, if not all, benthic fauna

are either destroyed by the jetting or raised into the surrounding water and

rendered completely vulnerable to predation. Although recolonization would begin

immediately, the native fauna could not be fully restored until seasonal

reproduction cycles had been completed by representative species from adjacent

areas, which would provide a supply of larvae to settle and enter the reworked

substrate.
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Turbidity resulting from resuspended sediment could have an adverse

impact on filter-feeding apparatus by blocking respiratory surfaces. Another

possible source of impact is the resuspension of toxic heavy metals and per-

sistent pesticides that may have been deposited in the area by a polluted

stream or runoff. The possibility exists that these toxic materials could

be ingested by lower marine life and could then be magnified through the food

chain until they accumulated in serious quantities in top carnivores, in-

cluding species harvested for human food.

Impact on beach and associated biota

Impacts on the beach and associated biota could result from contami-

nation by spilled oil and from disruption in the depth of pipeline burial

excavations.

A study on three sandy beaches oiled during the Santa Barbara spill

revealed no conclusive results concerning the impact on marine fauna (Trask).

During the Arrow spill study excavation of clams revealed oil

extending down most burrows. Some mortality of clams occurred and even the

live clams were unresponsive.

Other pollution studies for the littoral zone are concerned with

rocky shorelines and their characteristic assemblages of seaweeds, barnacles,

limpets, anemones, etc., and consideration of physiological stresses leading

to death in oiled plants and animals. To generalize, where organisms have

been covered by crude oil and Bunker C fuel oil, death is primarily blamed

on smothering due to the physical coating. When the pollutant has been a

lighter refined oil (No.2 fuel oil, diesel fuel), death and stress have been

associated primarily with toxic effects of the oil.
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It is also possible that shorebirds could receive an oiling. The

results would be the same as for pelagic seabirds.

Burrowing animals and rooted plants in the path of pipeline laying

operations will be killed or damaged. At least one growing season would be

required for the impact to be abated.

Impacts on embayments, channels, water courses and associated biota

Living organisms in estuarine and inland waters could be adversely

affected by spilled oil and by dredging activity during the burial of new

pipelines.

Oil pollution in the semi-closed waters of a bay system could be

more serious than in the sea or along the open coastline because the pollutant

would be, relatively speaking, entrapped with tidal flushing being its only

source of removal. Many species undergoing early development in estuarine

waters are vulnerable to even small quantities of toxic compounds containing

oil. The drawbacks of past studies have been noted by Blumer (1971), who

stated: "Unfortunately, chemical analysis (of potentially contaminated edible

species) has not been used to support ... studies in the past and conclusions

on the persistence of oil in the environment have been arrived at solely by

visual inspection. Marine foods may be polluted by petroleum and may

be hazardous to man but neither taste nor visual observation may disclose

the presence of the toxic hydrocarbons."

Impact on wetlands

The wetlands includes the mudflats, sand flats, coastal marshes, and

bay and barrier island fringing marshes. Dominant vegetation consists of
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spartina-type grasses and algae. Insects, worms, and protozoa are the

dominant fauna. Large populations of waterfowl and wading birds are found

also.

Three types of adverse impacts are possible in the wetlands environ-

ment: pollution by spilled oil, disturbance during pipeline construction,

loss of habitat due to lands being taken for installation of onshore pipe-

line terminals and gas treating facilities.

As yet, no information has been found concerning the effects of

oil in the Gulf states wetlands. It is unlikely that a marsh spill would

spread far because of the physical hindrance caused by rooted vegetation,

natural stream levees, canal spoil banks, and roads.

The impact of pipeline burial in the marshes will be the physical

destruction of vegetation and immobile fauna in the path of the pipeline lay-

ing operation. The impact on a narrow band of marsh in the path of the pipe-

line operation will probably be severe but of short duration. In addition,

new pipelines will probably result in the construction of onshore pipeline

terminals or gas treatment facilities. The resulting impact will be the

removal of a small amount of marsh habitat (on the order of five acres or

less per facility).

Impact on air quality

The quality of air over the leasing area could be degraded by ex-

haust emissions of stationary power units and service vessels and by acci-

dental release of oil and gas from wild wells.

According to one authority (Ley 1935, pp. 1073-1149) the average

composition of natural gas as delivered to pipelines in the United States is:
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Methane CH4 72.3%

Ethane C2H6 14.4%

Carbon dioxide CO2 0.5%

Nitrogen N2 12.8%

(Small amounts of sulfur and other materials could also be present
in some localities.)

If the wild well were not burning, the above gases would be released

into the air. If the gas well were on fire, combustion would be essentially

complete and the emissions would consist almost entirely of carbon dioxide

(C02) and water; the nitrogen would remain as N2 and any sulfurous gases would

be oxidized to S02' The resulting impact would not be great.

If a wild oil well were releasing crude oil onto the water, the

resulting impact would be substantially greater. If the oil does not burn,

some of it will evaporate. A reasonable estimate of the range of emissions,

assuming complete combustion, that an oil well fire could produce per 1,000

bbl. burned, might be as followsl:

340,000-347,000 lb.

620- 34,000 lb.2

NO 660- 10,000 lb.

(As a point of reference, during the Chevron 1970 fire and spill,
the maximum spillage rate was estimated to be 1,000 bbl. per day.)

lValues used in calculation are based on world averages for crude oil of
310 lb/bbl.; percent content by weight is: carbon-82.2 to 87.1, sulfur-
0.1 to 5.5, nitrogen-O.l to 1.5 (Levorsen, 1958).

2S02 emission would be less for Gulf of Mexico crudes which range from 0.1
to 0.5 percent sulfur.
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Combustion of oil would, in reality, be incomplete; however, and

emissions would contain somewhat less of the above compounds but would in-

clude, in addition, such materials as volatilized petroleum, particulate

carbon, carbon monoxide, nitrous oxide, and sulfur monoxide along with

other altered or partially oxidized matter.

Impact on water quality

The natural condition of sea water may be altered and degraded in

several ways during oil and gas operations.

Debris and bilge will be released into waters from the many seismic

vessels, crew boats, tugs, and service and supply boats used throughout the

operation.

During drilling operations drilling fluids are usually cleaned and

reused but drill cuttings are discharged into the sea. Most drill cuttings

consist of sand and shales and therefore cause no turbidity, but settle to

the bottom in minutes. The chemicals used in drilling muds have a relatively

low level of toxicity and if discharged, produce a plume of turbidity in the

water near the surface. The visible plume is on the order of a few feet wide

and a few yards long.

The production and discharge of formation waters (oil-field brines)

is a potential source of pollution. Three properties of formation waters

contribute to water quality degradation if released into the sea. First is

the small amount of entrained liquid hydrocarbon. Second is its high concen-

tration of dissolved mineral salts. Third is the absence of dissolved oxygen

in formation waters.

Water quality could be further degraded as the result of accidental

oil spills. Part of this spilled oil would be removed by clean-up operations
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and some would evaporate, but the largest proportion would probably be dis-

persed into the water.

Another source of water quality degradation is the resuspension of

sediment during pipeline construction and burial. The duration appears to

be on the order of several hours at a given location.

Impact on commercial fisheries

The general consensus of Gulf fishermen is that underwater stubs

present the greatest problem; the presence of offshore structures is a

moderate inconvenience; and the debris problem is minimal.

Removal of sea floor from
use by trawlers

All shrimp and industrial bottom fish are caught by dragging a

large trawl across the sea floor. Every site occupied by a drilling or

production platform and its attendant service boats and barges must be

avoided by trawlers. If the structure is a jack-up drilling rig or perma-

nent production platform, the area of sea floor removed would amount to

two to five acres. In deeper waters (over 300 feet) a semi-submersible

drilling rig with its anchoring system would occupy up to 325 acres (assum-

ing a 1,500 foot anchoring radius). The duration of exploratory drilling

ranges from under 45 days for a single well to around six months for multi-

pIe well explorations. Permanent production platforms may remain in place

for 10 to over 20 years. The probability that permanent platforms will be

erected on each tract, based on past exploration success rates, is about

35 percent. It is estimated that each full tract (5,760 or 5,000 acres)

developed will average three structures.
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Creation of obstructions on the seafloor
that cause damage to trawling nets

Obstructions that may interfere with trawling are underwater stubs,

large pieces of debris, and unburied pipelines.

Although Coast Guard regulations require that stubs be marked by

a buoy at the surface if located in 80 feet or less of water, these buoys

are frequently found to be missing. If a trawler pulls his net across a

stub, it will certainly be badly damaged or lost.

Large pieces of debris, such as equipment, piping, structural mem-

bers, tools and the like, if accidentally lost off a platform, service boat

or barge, may damage trawling nets of fisherman unlucky enough to snag them.

It has also been reported that unburied pipelines (beyond the 200-

foot depth contour) pose a serious problem to the shrimp trawling operations

in the Gulf of Mexico (Farrelly 1972). A significant amount of shrimp traw1-

ing does occur in water depths where pipelines remain unburied.

Contamination of fish by spilled oil

Fish which are either externally coated or internally contaminated

with oil are unmarketable. It has been shown that fish that live in the

vicinity of chronic spillage are likely to be internally contaminated. Oyster

beds have been contaminated in the past from oil spilled in the marshes,

bayous, and bays in the delta region of Louisiana, but no known contami-

nated catches have ever been taken in the open waters of the Gulf.

Conflict with ship traffic and navigation

Despite the existence of fairways in some areas, the possibility

of a collision with drilling rigs, permanent platforms, and their atten-

dant vessels remains. Impacts which would result include loss of human life,

1-735



a spill of oil, release of debris including parts of (or entire) drilling

rigs, and the ship, if it sinks. The contents of the ship's cargo could

pose a serious threat to the environment if it includes toxic materials such

as chemicals, crude oil, or refinery products.

Floating trash accidentally lost off platforms also constitutes

a hazard to boats.

Impact on recreation, sport fishing
and aesthetic values

Pipeline construction and burial disturbs a small area of beach

(about 30 feet wide). The first high tides following burial of the pipeline

will restore the beach terrain. The restoration of the beach ridge will take

longer, most likely requiring a storm tide or high winds to obliterate the

effects of the excavation.

An oil spill would directly affect water sports, such as swimming,

diving, spearfishing, underwater photography, fishing for finfish and shell-

fish, boating and water skiing. Other activities such as beachcombing, shell

collecting, painting, shoreline nature study, camping and sunbathing would

be unattractive where an oil spill has coated a beach.

Sport fishing would be curtailed in the vicinity and for the duration

of any spill incident. However, extensive testimony and evidence indicated

that, overall, oil and gas operations have a favorable impact on sport fishing

activities. Sports fish congregate near offshore platforms, which serve as

artificial reefs. In the open sea, offshore platforms provide both food and

cover in areas that are largely devoid of those essentials. Myriad forms

of micro-organisms in the water drift by these structures and attach them

selves, soon encrusting all exposed surfaces on the platform.
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Adverse aesthetic impacts result from floating debris or oil washed

into bays or onto beaches, temporary scars from pipeline burial, and visi-

bility of some nearer offshore structures from the shore.

Impact on land use and
land use trends

Pipeline laying and the construction of pipeline terminal facilities

temporarily disrupt a small amount of land. Since pipelines onshore are buried,

there would be no permanent loss of the land for grazing, farming, etc.

Exploration and production in new offshore areas could require a

marginal influx of labor and a redistribution of population due to the absence

of a large petroleum-based industry and a labor force with the necessary

skills.

Matrix analysis of adverse impacts

The matrix is a device for displaying interrelationships of some of

the impact-producing factors (on the horizontal axis of each matrix) with

coastal activities and resources which could sustain an impact (on the vertical

axis of each matrix) and for assigning values for those interrelationships.

Significant resource factors which could sustain negative impacts

as a result of development appear on the vertical axis of each matrix in two

groups: Natural Resource Systems (refuges/wildlife management areas, estuary/

nursery areas, marshland, and beaches) and Coastal Activities/Multiple Uses

such as national park units, commercial and sport fishing areas, recreation

(boating, swimming, water-oriented activities other than sport fishing), and

shipping.

The factors which could produce impacts on these resources and uses

include: debris, the platform itself, oil spills, pipeline construction,
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storage facilities, support services, labor forces, production. An overall

matrix, (Table 1) suggests the general nature of impacts resulting

from Des activities.

Accidents and oil spill events
associated with oes activities

In any complex industrial operation involving heavy equipment,

flammable materials, work at sea, and large numbers of employees, it is

inevitable that accidents will occur.

Natural gas leaks associated
with blo~outs

Information furnished by the Geological Survey for the period 1956-

1971 lists 30 gas leaks associated with well blowouts during Des oil and gas

operations in the Gulf of Mexico. Ten of these incidents involved fires and

four were associated with oil or condensate spills. The duration of the blow-

outs ranged from two hours to over seven months. Several incidents included

the loss of life and equipment but none of the leaking gas resulted in identi-

fiable environmental damage. There are no estimates available of the amount

of gas lost.

Major oil spills

Data supplied by the Geological Survey for the period 1964-1971

indicates a total of 39 significant oil spill incidents involving 50 bbl.

or more of oil and condensate connected with Federal oes oil and gas oper-

at ions in the Gulf of Mexico. The estimated total volume of oil spilled

during this period as a result of these incidents is slightly less than

280,000 bbl.
~
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Table 7

General Summary of Environmental Impacts Which
Might Result from OCS Oil and Gas Operations

Impact Sustaining*
Factors

Impact Producing Factors*

Debris
Plat-
form

Oil
Spill

Pipl
Const Prod.

Storage
Faci1.

Support Labor
Servo Force

l. Refuges

2. Estuaries

3. Marshland

4. Beaches

5. National
Park Units

6. Com. Fish.

7. Sport Fish.

8. Recreation

9. Shipping

10. Regional
Economy

(-) (-) II

(-) (-) (-)

(-) (-) (-)

(-) .,~.,~ (-) It

(-) )~* (-) II

(-) (-) .,~)~)'~ It II

(+) (+) .,~)~).~ 1111

(-) )h~ (-)

(-)

(+) (+)

(-) (-)

It

II

(+) (+) (+) (+)

*The principal type of relationship between impact producing and sustaining
factors is indicated by (+) positive impact or (-) negative impact. In
some relationships, both positive and negative relationships are possible;
in these areas, the type of relationship considered dominant is shown.

**Impact will be negative only if platforms are visible, i.e.) impact will
be on aesthetic values.

***Impact of oil pollution on nearshore and estuarine shellfish is negative;
impact on open-water finfish and shellfish is not well understood, but oil
spills adversely affect sport and commercial fishing activity.

IIImpacts would be excluded by administrative action, e.g., pipelines or
storage facilities would not be permitted in refuges) National Park Units,
or on those recreation beaches subject to official regulation.

IIIIImpactswould occur during construction stage only.
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In the past, large amounts of oil have been spilled when dragging

anchors severed pipelines. The chance for this type of accident has decreased

because many older pipelines have sunk into the sediments and new Bureau of

Land Management regulations require burial of pipelines.

Most platform fires are probably caused by combustible hydrocarbon

liquids or vapors coming into contact with electrical devices and overheated

mechanical devices; more rarely they could be ignited by lightning or static

electricity. Sometimes, platform fires first involve the accidental igni-

tion of fuel, solvent, or heat exchange fluids. If caught soon enough, these

small fires are usually controllable but, once a storage tank or well catches

on fire, major structural damage occurs and the pipes of adjacent producing

wells on the platform may be severed contributing to the fire.

If producing wells are damaged in a way that allows them to flow

freely and be ignited, they are usually allowed to burn while operations are

underway to control the wild well from a remote location. In this way, a

high percentage of the hydrocarbon liquid expelled by the well is burned

and little ocean pollution results. If a blowing well is releasing mostly

or entirely natural gas, the possibility of ocean pollution is minimal.

Accidents caused by human error during routine rework, maintenance

and repair have resulted in at least two large spills of oil, along with

destruction of platforms, the loss of a work vessel and several human lives.

(

Summary

During the period of 1964-1971 almost two billion bbl. of oil and

condensate were produced in the Gulf of Mexico offshore Texas and Louisiana.

The amount of recorded spills during this period represents 0.014 percent

of all oil and condensate produced in the area during the same period.
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Number of Total Total Percent of Production
Year Incidents Production/bbl. Spilled/bbl. Spilled

-----
1964 5 122,500,126 14,928 0.0122
1965 1 144,968,615 500 0.0003
1966 0 188,714,070 0 0
1967 2 221,861,614 160,704 0.0720
1968 2 266,936,001 6,085 0.0023
1969 8 302,919,143 10,924 0.0036
1970 7 335,658,540 84,323 0.0251
1971 20 387,445,398 1,473 0.0004

The number of incidents shows an increase starting in 1969. This is

the same year that Gulf of Mexico OCS operating orders became effective requir-

ing the recording of all spills, reporting of all spills greater than 15 bbl.,

daily inspection of manned facilities and regular inspections of unmanned

facilities. There has been a total of 10 oil spills of 1,000 bbl. or more

in over 18 years of OCS leasing. Six out of the ten major oil spills occurred

during the period 1964-1968 and four during the period following implementation

of the OCS operating orders of 1969-1971.

Minor spills

During the first nine months of 1972, 839 minor spills of less than

50 bbl. involving 836 barrels (42 gals/barrel) of oil were recorded by the

Geological Survey from OCS oil and gas operations in the Gulf of Mexico. The

majority of these spills (682) involved one barrel of oil or less totalling

170 bbl. Only five spills exceeded 15 barrels of oil (141 barrels). An

additional 499 oil slicks from unidentified sources were sighted in the first

nine months of 1972 and are not positively related to offshore drilling.

There is evidence of natural oil seepage in the Gulf of Mexico and possibly

these natural seeps could be the source of some oil slicks classified as being

from an "unidentified source."
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Collisions resulting from conflict between
ship navigation and offshore structures

During the period July 1, 1962, through June 30, 1971, the Coast

Guard recorded 24 incidents of collisions between vessels and fixed platforms.

Total damages were estimated to be about $0.4 million to vessels and $3.4

million to the structures. Only four injuries and no deaths were reported.

During the time period 1957-1971 the Geological Survey recorded only one sig-

nificant spill of oil, 2,560 bbl., associated with ship-platform collisions.

Accidental deaths and injuries on
oil industry structures and vessels

Information supplied by the U.S. Coast Guard reveals that a total

of 94 individuals were killed as a result of accidents involving construction,

supply, drilling vessels, workboats, mobile drill rigs, and artificial islands

in the Gulf of Mexico and adjacent navigable inland waters during the period

1964-1971. Of these 94 deaths, approximately 60 occurred in water approxi-

mately equal to the Federal OCS area. These figures do not include deaths

resulting from accidents in which no vessel or rig damage occurred (persons

falling or knocked overboard, crushed by drilling equipment, etc.). Partial

figures for fiscal year 1967 through 1971 indicate that approximately 25

persons were killed in oil operations in the Gulf of Mexico (both inland

and international waters) where no casualty to the vessel was involved.
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Onshore Production

This alternative would require increased exploration, development,

and production of crude oil (and natural gas) from onshore sources. To be a

realistic alternative, supplies of oil and gas equal to all or an appreciable

part of projected coal supplies from the Eastern Powder River Coal Basin of

Wyoming would have to be developed in addition to those presently used. Experi-

ence indicates that it would be extremely difficult, if not impossible, to

extend drilling efforts to provide additionally needed oil and gas supplies,

especially when considering the drilling effort required to offset continuing

declines in onshore production. Past discovery rates indicate that an indeter-

minate number of successful wells would be required to provide an energy supply

equivalent to that which could be supplied by the Eastern Powder River Coal

Basin of Wyoming. In 1970, less than 30,000 wells were drilled in onshore areas.

Onshore drilling in recent years has continually declined; a major

contributor to the decline has been a lack of economic incentive. Additional

incentives such as subsidies, price increases, and tax benefits could result

in increased drilling and development of onshore domestic supplies, but little

information is available to evaluate the cost effectiveness of such a program.

With increased incentives, additional exploration, development, and production

of supplies could be expected; however, increases in crude oil supplies from

new discoveries could not be expected to be forthcoming in large enough quanti-

ties to offset the energy production from the Eastern Powder River Coal Basin

of Wyoming.

Two hundred forty-six billion barrels of crude oil are estimated to

be recoverable from domestic onshore areas, including the Alaskan North Slope,

under current technological and economic conditions. Potential onshore
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resources would be adequate to meet projected requirements but past and current

drilling efforts have not resulted in discoveries that would have provided

adequate increased production. The most favorable geologic provinces already

have been developed, thus possibilities for successes are reduced. In the

late 1940's, only 30 wildcat wells were needed to locate a large new field;

the number of wells required had nearly doubled by 1960 and this trend continues.

The importance of finding large fields becomes apparent when it

is noted that in 1972, 63 percent of U.S. production was from only 264 giant

fields. There are over 35,000 oil fields in the United States.

Development of spare shutin capacity in the Naval Petroleum Reserve

at Elk Hills in Kern County, California, could be a partial alternative.

Production has been limited to about 2,000 barrels of oil per day. In 1970

shut-in capacity was estimated to be about 160,000 bbl/d. At that time, it

was estimated that an expenditure of approximately $100 million for drilling

and for plants and compressors, and $50 million for additional transportation

facilities could result in increased production to about 350,000 barrels of

crude oil per day (Oil and Gas Journal 1970). Congressional approval would

be required for any appreciable increase over the current producing rate.

Technological advances permit improved recovery of oil from existing

reservoirs, and, in effect, increase the recoverable reserves in a producing

formation by secondary recovery. Further improvements may be expected. How-

ever, the existing forecasts usually and often explicitly include provision

for some improvements in recovery. For example, the National Petroleum Council

projects reserve additions of 28.5 billion barrels, or 71 percent of its 1971-

1985 totals, from application of secondary and tertiary recovery processes

(National Petroleum Council 1971, p. 136). Much production capacity added in
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recent years has been obtained through such improvements, and further dramatic

increases are generally not anticipated without increasing cost and price

levels.

Ultimate recovery of oil is currently estimated at 31.1 percent of

original oil in place. The applicability of recovery techniques depends

strongly on the nature of the oil reservoir; the estimated recovery ranges

from 13.5 percent in Ohio to 65 percent in District 6 of Texas. With esti-

mated original oil-in-place of 425 billion barrels, and increase of only one

percent in the average recovery or oil in place would yield 4.25 billion bar-

rels, or 2 million barrels per day for 12 years. However, an assessment (U.S.

Department of the Interior 1972a, p. 67) of recovery trends stated that:

"The rate of improvement in recovery efficiency appears
to be diminishing rapidly, however. The fact that an
average of only one-third of the discovered oil in the
ground is being recovered currently, and that significant
oil deposits are becoming more difficult to find, emphasizes
the need for a continuing research effort in these areas."

Technological processes

The development and final utilization of oil and gas involves a wide

range of operations, wherein the oil and gas must be found in a natural under-

ground reservoir, lifted to the surface, transported to refineries, refined

into more than a thousand products, and, finally, marketed and distributed.

Exploration

The first phase in petroleum production involves locating the hydro-

carbon reservoir. Generally petroleum is found in porous sedimentary rocks

where favorable geologic conditions have occurred to form traps. The two

favorable geologic conditions necessary to form a trap are a layer of porous,
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permeable rock, usually sandstone or limestone, whose tiny pores may contain the

hydrocarbons, and adjacent impervious layers of rock such that a barrier is

formed to halt the movement of the hydrocarbons and, hence, enable their accumu-

lation. Oil and gas, after they were formed, migrated through the pores in the

rock until they reached an impermeable barrier. Here they accumulated and

reached a steady state under relatively high pressure. Not all traps contain

oil and/or gas, but those that do are called reservoirs. Three of the most

common traps are the anticlinal, fault, and stratig~aphic traps.

The anticlinal reservoir is formed when a layer of porous rock,

bounded above and below by impermeable layers of rock, is uplifted in such a

way that the hydrocarbons are held in the crest of the porous layer. Hydro-

carbons, being less dense than water, assume the higher position, and gas, if

present as a separate phase, may form a "cap" by assuming the highest position

in the trap.

In the fault trap reservoir, the porous layer abuts on an impermeable

rock mass, placed there by faulting. The impervious layer prevents further

lateral or upward migration of fluids.

In the stratigraphic trap, the porous layer abuts on an impermeable

rock mass that is not the result of faulting, but the product of other geologic

processes. In whatever manner the layers arrived at their configurations,

when a porous stratum is surrounded by impervious strata and its pore spaces

contain hydrocarbons and/or water, a reservoir is formed and the fluids are

held in place in the trap.

These traps are initially located by a seismic survey. In seismic

exploration an energy source generates a series of small amplitude seismic

pulses that travel at thousands of feet per second through the earth and are
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reflected and refracted by the various subsurface strata. An array of

sensitive geophones detects the returning seismic waves and records them on

magnetic tape. These recordings are subject to highly sophisticated electronic

data processing resulting in an end display of cross-sections and maps of the

various subsurface formations and, hopefully, they will reveal and locate

some of the above pictured traps. Formerly, seismic exploration revealed

only these trap structures; they did not reveal the presence or absence of

hydrocarbons, nor did they reveal traps not formed by the shape of rocks.

Very recently, however, new techniques have been developed which more readily

reveal traps and which provide some clues as to the presence or absence of

hydrocarbons. Receiving devices that have greater sensitivity can record

echoes from the substrata with such precision that the strengths of these echoes

can be measured. Stated simply, water-filled strata return a weaker echo and

an echo of opposite polarity than strata filled with hydrocarbons (Savit 1973;

Lindsay and Craft 1973, p. 23). While these new techniques in seismic survey-

ing may not be foolproof and may not indicate whether or not a hydrocarbon

reservoir contains enough oil or gas to be commercial, they are an important

improvement in exploration for hydrocarbons. The final step in the explora-

tion phase is the drilling of a "wildcat" well which is the actual proof of

whether or not the suspected structure actually exists, and, if so, whether

or not it is a trap that contains oil and/or gas in commercial quantities.

Drilling

Most present day drilling is performed with a rotary drilling rig.

The hole is dug by a drill bit which grinds the rock. The bit is located at

the end of a string of ~rill pipe. At the surface, the drill string
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including the bit is turned by a rotary table and a special square or

hexagonal joint of pipe called a kelly joint. At the bottom of the hole, the

action of the bit crushes the rock and advances the hole. To remove the cut-

tings, a circulating fluid called mud is pumped down into the hole through

the kelly, drill pipe, and bit. The mud that comes out of the bit picks up

the cuttings and transports them to the surface as the mud continues flow-

ing upward in the annular space between the drill pipe and the wellbore.

The mud serves another purpose equally as important as removing the

cuttings from the hole. That is, the column of mud exerts a hydrostatic

pressure on the formations that have been or are being penetrated. Whenever

a fluid-bearing formation is encountered by drilling, the weight of the mud

prevents the formation fluid from entering the wellbore. This is essential

for preventing an uncontrolled rush of gas or oil into the wellbore, possibly

flowing uncontrolled to the surface and causing a blowout. Blowouts are

extremely dangerous because they are difficult to control and the highly

flammable nature of hydrocarbons poses a threat to all concerned. It might

be noted, on the other hand, that since drilling mud keeps formation fluids

out of the hole, it is possible to drill through a hydrocarbon-bearing forma-

tion without being able to detect it.

To confirm the existence or absence of hydrocarbons, various tests

must be performed. The two most commonly used methods are logging and the

drill-stem test. Logging consists of lowering an electrical device into the

wellbore to measure various electrical properties and provide clues as to which

formations contain hydrocarbons. The drill-stem test is a method by which the

well is temporarily completed and is allowed to flow through the drill pipe.
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From the resultant flow, the fluids obtained confirm the existence of oil or

gas.

Well completion

Once the existence of a commercial reserve of oil or gas has been

confirmed by logging or by a drill-stem test or other method, the well must

be completed. To complete the well, the drill string and bit are removed and

a string of large diameter pipe (called casing) is lowered into the hole far

enough to reach or pass through the hydrocarbon zone. The empty space between

the casing and the wellbore is filled with cement to seal off the various

formations which have been drilled. Adjacent to the hydrocarbon-producing

zone, the casing and cement are perforated so that oil or gas can drain into

the well. The placing of the casing having been completed, tubing is placed

in the well. The tubing is simply a smaller diameter string of pipe that fits

inside the casing and conveys the fluids to the surface. Finally, a wellhead

consisting of control valves is installed on the surface. Fluids travel up

the tubing, through the wellhead and into a gathering line which takes the gas

and/or oil to be further treated.

Hydrocarbon reservoirs may be sizeable and it is an important part of

developing a field to drill a sufficient number of wells as to develop the

resource in the most profitable manner without waste. Additional wells are

drilled and completed in the same manner as described above.

Production

Crude oil is brought to the surface from the reservoir by artificial

means or by natural flow if there is sufficient reservoir energy in the form
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of pressure. The reservoir pressure and gas in solution determine the

available driving forces. Artificial lift is accomplished by pumping or by

injecting high pressure gas into the well to gas-lift the fluid. Gas produced

from a gas well flows to the surface under its own pressure.

The fluid produced from gas wells is essentially only gas and may go

directly from the wellheads via gathering lines to a gasoline plant or to a

common carrier main pipeline.

The fluid produced from an oil well is comprised of both oil and gas

and usually water so provisions must be made for separating the three compon-

ents of the fluid before quantitative measurements can be taken. Normally the

fluid flows from the well to an oil and gas separator. The gas is metered and

sent to a pipeline, the water and oil are sent to another type of separator,

and the oil then proceeds to a stock tank while the water is disposed. The

crude usually is gauged in the stock tank; oil production in the U.S. is

measured in stock tank barrels. From the stock tank, oil is then transported

via pipeline to a refinery tank farm.

Refining and marketing

Finally, the crude oil enters the refinery where it is converted into

the thousands of specialized products which modern refining techniques are

capable of producing. The majority of the natural gas goes directly to both

domestic and commercial fuel consumers via pipeline. The specialty products

from the refinery are usually packaged at the site (drums, cans, bottles,

cases) and moved to the final sales point by air, rail, or highway. Large

volume products (gasoline, jet fuel, and fuel oil) are delivered by pipeline to

area tank farms and then to retail outlets or final consumers via tank truck.
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New technology in exploration, production,
transportation, refining

The evolution of new technology has resulted in improved search

techniques. Perhaps the most promising new development in exploration is the

more sensitive receiving device that enables the surveyor to determine not

only the presence of a trap structure, but also whether or not the structure

contains hydrocarbons. This seismic breakthrough has been used in the OCS

area from Florida to Texas in the Gulf of Mexico and has revealed many promising

areas that may contain large amounts of oil and gas.

Improved technology in production methods has been particularly

noteworthy. Water flooding has been developed into a process whereby an amount

of oil can be recovered that is approximately equal to the volume of oil

recovered by primary methods.

Fracturing is a method whereby the producing capability of a particu-

lar well can be increased. In hydraulic fracturing water under pressure is

pumped into a well. The water enters the formation and actually enlarges the

cracks in the reservoir rock. A propping agent such as little glass beads or

sand is mixed in with the fracturing fluid and is also pumped into the well.

The propping agent is forced into the newly opened fractures along with the

fluid and remains in place after the well is drained. As the name implies,

propping agents keep open the fractures after the fracturing fluid is removed.

With a widening of the fractures, the oil can flow with greater facility

toward the well and into the wellbore. Another similar method of opening

fractures in reservoir rock is by acidizing. This involves pumping acid into

the well to dissolve some of the rock and enlarge the fractures so the oil can

flow more freely.
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Concerning transportation of hydrocarbons, recent technological

developments have resulted in decreasing cost levels. Of particular signifi-

cance has been the installation of highly automated, large diameter, thin

walled (high strength steel) pipeline systems as well as better protective

coatings and insulation.

Technological advances in the refining phase of petroleum production

have mainly come about through an increase in the use of computers. Comp1e-

menting the increasing trend toward automation, recent advances in the tech-

no1ogy of petroleum refining have resulted in increased production, reduced

operation costs, and improved quality control.

Resource base

Oil and gas reserves are located in many areas of the United States

but the largest reserves are found in the mid-continent and Gulf Coast regions.

Table 8 shows the U.S. Geological Survey's latest calculations of

proved onshore oil and gas reserves. The table also presents the Survey's

estimate of recoverable resources. Offshore reserves are not included in these

figures.

Table 8

Public lands
Non-public lands
Total

*lnc1udes natural
**Does not include

Proved
Oil
3.0

38.3
41.3

gas liquids.
proved reserves.

U.S. Onshore Oil and Gas Reserves and Resources
Oil in Billions of Barrels; Gas in Trillions of

cubic feet~~
Reserves Recoverable

Gas Oil
14.0 250.0

237.6 16.0
251.6 266.0

Resour c e sws

Gas
1,153.0

61.0
1,214.0
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Alaskan oil and gas reserves

The Prudhoe Bay field currently is estimated to contain 24 billion

barrels of oi1-in-p1ace. At an estimated recovery rate of 40%, the current

proved recoverable reserves of the field are 9.6 billion barrels of crude oil

(American Gas Assocation 1971, p. 27). These reserves alone make the Prudhoe

Bay field the largest ever discovered on the North American continent. Never-

theless, the 9.6 billion barrel estimate may be a conservative indication of

the crude oil potential of the field and the Arctic Slope province.

The current reserve estimate for the Prudhoe Bay field is for unex-

tended pools and assumes primary recovery only. With further developmental

drilling and application of secondary recovery techniques, it is likely that

at least 20 billion barrels of crude oil will eventually be recovered from the

Prudhoe Bay field. This would make it the fifth largest oil field ever dis-

covered in the world (Halbouty et a1. 1970).

The Prudhoe Bay field has large reserves of natural gas dissolved in

or associated with its crude oil reserves. Recoverable gas reserves in the

field were estimated to be 26 trillion cubic feet as of the end of 1970

(American Gas Association 1971, p. 170). An average of 750 cubic feet of

dissolved gas per barrel for the proved oil reserves of 9.6 billion barrels

would indicate reserves of approximately 7 trillion cubic feet of dissolved gas

and 19 trillion cubic feet of associated gas. These reserves, which, like the

crude oil reserves of the Prudhoe Bay field, are subject to extension and

revision, constituted 8.9 percent of recoverable U.S. natural gas reserves at

the end of 1970 (American Gas Association 1971, p. 124). They also make the

Prudhoe Bay field the thirteenth largest gas field ever discovered in the world.
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The estimated reserves of the Prudhoe Bay field do not exhaust the

oil and gas potential of the Arctic Slope province in Alaska. The Prudhoe Bay

field is located in the Colville Basin. Geologically, this basin is classi-

fied as an intermediate crustal type (i.e., its underlying crust is inter-

mediate to that beneath continents and that beneath oceans), the basin itself

being extracontinental (located on the margin of a continent) and sloping down-

ward into a small ocean basin. Extracontinental, downward warping basins are

among the richest sources of oil and gas in the world. Examples of such

basins include the Arabian platform and Iranian basin (Persian Gulf), the East

Texas basin, the Tampico embayment (Mexico). Over half of the 119 known oil

fields with at least one billion barrels of recoverable reserves are found in

the 10 known basins of this type.

The ultimate potential of the onshore area in the Arctic Slope prov-

ince is uncertain. The platform along the Arctic Coast gives considerable

geologic indications of being very favorable for both oil and gas (Gryc 1971;

Brosge and Tailleur 1971). Comparison with the history of similar basins indi-

cates a high probability of further discoveries of varying size. Professional

estimates of ultimate recovery for the province range from 30 to 50 billion

barrels (Cram 1971; Schurr and Homan 1971, pp. 86-87). The Prudhoe Bay field

alone is likely to supply 20 billion barrels of crude oil. Considerably higher

estimates than these have been made but the geologic evidence for them is

lacking. (Governor Egan of Alaska was quoted in The Oil Daily July 7, 1971,

p. 3, with an estimate of 150 to 300 billion barrels.)

Similarly, the natural gas prospects of the North Slope are not limited

to the Prudhoe Bay field. Several gas fields were discovered in the 1940' s

and 1950's on NPR-4 (Naval Petroleum Reserve No.4), and the largest of
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which was the Gubik field with 300 billion cubic feet of reserves. Geologic

investigations of other parts of the North Slope have indicated a favorable

potential for future gas discoveries within them as well.

Economic considerations

Prices and costs

An overview of the major factors affecting oil and gas cost-price

relationships is amply provided in the National Petroleum Council report

entitled "Factors Affecting U.S. Exploration, Development, and Production,

1946-1965." Highlights of that presentation include the following: (1)

federal and state policies with respect to leasing of federal and state lands,

taxes and production, and unitization of properties; (2) the changing behavior

of price relative to cost factors such as wage rates and payments for oil field

materials and machinery; (3) the decrease in many areas of geological oppor-

tunities to make profitable discoveries, especially the older shallow areas,

and the shift to the more expensive operating areas of Alaska and deep inland

areas; (4) the changing structure of the industry which is evident in the

decline of small companies and individuals and increasing concentration of

operations among the large integrated companies; and (5) a decreasing pro-

portion of total industry's revenue from oil and gas production spent on

domestic exploration and drilling.

Economic factors governing the level of crude oil prices at the

wellhead are established for areas and fields on the basis of oil and/or gas

quality and type, market supply-demand relationships, the competitive relation-

ship of oil as delivered to refineries compared with oil from other fields,

and other factors. The 1972 average wellhead value of crude oil in the U.S.
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was $3.39 per barrel with the value of natural gas averaging l8.6¢ per thousand

cubic feet. The gross value of revenues from production of petroleum totaled

over $11 billion; the gross value of gas totaled about $4 billion.

Because of the general industry attitude concerning the confidenti-

ality of cost data coupled with the physical properties of oil and gas, the

environment in which they are found, and the manner in which they are produced,

projections of the cost for finding and producing oil and gas are subject to

considerable uncertainty. Further complicating the determination of oil and

gas costs is the association of oil and gas in the same reservoir and the

consequent producing operations to handle both oil and gas simultaneously.

In 1972, it was estimated that the cost incurred in drilling and equipping wells

and other yearly costs of finding, developing, and producing oil and gas in the

U.S. was about $4.8 billion. Of this, about $2.25 billion was for lease bonuses,

$1.9 billion for drilling and the remainder for production and equipping wells

(Oil and Gas Journal 1973, pp. 13, 14). In 1972, 29,510 wells were drilled which

found 1.5 billion barrels of oil and 9.6 trillion cubic feet of gas (American

Gas Association 1973, pp. 24-120). The American Petroleum Institute/American

Gas Association have released their latest figures covering the year 1971 and

have shown the cost of finding oil and gas in 1971 to be $1.98 per equivalent

barrel (World Oil 1973, p.75).

Industry structure

In the United States all phases of the development and utili-

zation of petroleum and natural gas are performed by private companies,

both large and small. The primary operations performed by these corporations

include 1) the search for and production of petroleum, 2) the transportation
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of petroleum from producing fields to refineries and distributors, 3) the

refining of crude oil, and 4) the distribution of petroleum products to

consumers.

Firms in the petroleum industry exhibit varying degrees of vertical

integration as they perform one to all of the mentioned phases. Often

subsidiary companies are formed to undertake supporting functions.

Major companies operate throughout the United States but predomi-

nate in areas requiring large investments for drilling and producing operations.

Such areas include west Texas and Alaska. Petroleum located in mature

producing areas is frequently produced by small independents and individuals.

Recently many major and large independents have expanded their operations

into other energy resource fields as well as petrochemical manufactures and

other business areas.

The petrochemical industry is the nation's third largest industry,

following agriculture and public utilities. The natural gas industry is

the nation's sixth largest industry. Because natural gas occurs in associ-

ation with petroleum, these commodities are often produced jointly.

Petroleum refineries are situated near producing areas, water

transportation facilities, or large market areas. As of 1969, 20 companies

controlled 80 percent of the 264 refineries in the U.S. In the natural gas

industry 90 percent of interstate sales were made by 10 percent of the

producers.

Pipelines and water carriers, including tankers and barges, are

the primary modes of transport for three-fourths of the movement of crude

oil and all but a negligible fraction of the distribution of natural gas.

1-757



So important are pipelines to the natural gas industry that recent increases

in the production of natural gas can be attributed largely to major extensions

of trunk pipelines. Successes in pipeline technology, including the develop-

ment of high-quality pipeline steel, welding processes, trenching machines,

and efficient compressors, have played a significant role in spurring the

growth of pipeline systems. Surface tank trucks are used to transport

crude oil over short distances, with railroad tank cars reserved for the

transport of higher value specialty products. Trucks in recent years have

occupied a larger percentage of the transportation mix for refined products.

The domestic cost of transporting crude oil to the refinery may

amount to as much as 50 to 60 percent of the delivered cost of oil. Cost

for various types of petroleum transportation, including both short and

long hauls, are compared as follows:

Type of Transportation

Tanker

Barge

Pipeline

Tank Car

Tank Truck

Mills Per Ton-mile

1.0-2.0

1.5-6.0

1.7-6.0

20-70

30-50

From the above tabulation, it is evident that transportation costs bear

an inverse relationship to the size of the mode of transport. Conversely,

lower costs reflect longer hauls and the use of large-capacity carriers.

Economies in the transportation of petroleum products have been achieved

through increases in the scale of operations, greater use of automation,

and better design and quality of materials.
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Transportation of Alaskan oil. Under the Trans-Alaska Pipeline

proposal, all of the North Slope oil to be transported by that line would be

delivered to and consumed on the West Coast (PAD V) within the first few

years after full operation. Deliveries of oil from other fields and by other

transportation facilities are too remote and too conjectural for meaningful

consideration in current planning.

Given the large size of the Arctic gas reserves and the projected

shortages in other sources of domestic energy, there is high probability

that this gas will be developed. Three different consortia have made pro-

posals for gas pipelines up the Mackenzie River Valley to the potential

markets. However, many major uncertainties remain; for example, at this

time industry experts differ in their opinions about how soon the gas caps

in the Prudhoe Bay field can be tapped. Assuming 750 cubic feet of dis-

solved gas per barrel of oil would produced, 1.5 billion cubic feet of

gas per day would be produced when oil production has met the full planned

pipeline capacity and has come from the gas caps. The issue may not be

fully resolved until several years after oil production begins, at which

time empirical data on the effects of production of associated gas on the

production of oil will be available. It is likely that a gas pipeline to

the Midwest and lower Canada will ultimately transport gas from both the

North Slope and the Mackenzie Delta region.

1-759



Environmental impact of increased drilling,
production and transportation

Impact on air quality

The impact of additional petroleum drilling and production on air

quality stems principally from the emission of particulates into the atmosphere

as described in the following discussion; however, some disturbances result

from noise and vibrations. As long as operations continue, the above-

mentioned impacts will continue to occur.

Particulates are introduced into the air during construction and

use of access roads and drilling pads. Often times, public use of the access

ways for off-road vehicle recreation greatly aggravates the initial surface

disturbance. Air quality in immediate areas of development will undergo

deterioration because of removal of ground cover, vehicle traffic and occa-

sional equipment failure or blowouts. The removal of vegetation cover

raises maximum surface temperatures and permits increased local wind

velocities and evaporation rates. The burning of waste petroleum and chemical

products, especially those containing sulfur, could result in an increase

of particulates, gaseous pollutants, and objectionable odors. Vapor venting

from storage tanks should also be considered as an air pollutant.

Noise and vibrations from stationary engines used in drilling

operations, pumping units and compressor stations can cause disturbances

in natural environment and these disturbances will continue to occur through-

out the life of petroleum-based operations. Noise and vibration could

possibly alter the feeding and nesting habits of birds and animals, but it

is highly unlikely that reduction in air quality from increased petroleum

production could significantly alter conditions affecting the growth of

plants and animals.
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Impact on land quality

The modification of land form necessary for petroleum production

results in varying degrees of environmental impacts on the physical and

chemical land characteristics, the biological conditions, the cultural

factors and the ecological relationships.

Depending on the terrain and local ground conditions, access to

the drill site is normally from existing road networks, extension of these

roads and expansion of trails. For initial exploratory work in a given

area, only minimum alterations are made in roadway systems, but, after the

decision is made to continue with development drilling, an improved road

system is required for the transportation of the heavy drilling and production

equipment.

The drill site must be cleared of vegetation and obstacles,

graded and leveled. If metal storage tanks are unavailable, then reserve

and waste pits must be dug to contain drilling muds and capture formation

fluids to prevent pollution of the adjacent land and/or water. When pro-

duction has been established, newly constructed roads are improved. The

impacts resulting from these operations include removal of top soil and

surface vegetation to establish corridors and alteration of drainage patterns

and watershed cover.

In the construction of roadways, surface vegetation is removed and

drainage patterns are modified. As a result, erosion can occur resulting

in changes in landform. Trees, shrubs, grass, and crops ,may also be subjected

to indirect effects by modifications of drainage patterns. Soil erosion

and siltation can have both direct and indirect impact upon the normal

behavior and activity patterns of wildlife. Small animals and birds may not
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be significantly affected, although their number in the immediate vicinity of

the operations might decrease in proportion to disturbances and lost habitats.

Disturbance of the habitat may well continue beyond the life of the producing

and transporting operations.

Land use and recreation activities may also be disrupted during

drilling, producing and transportation operations. Aesthetic and human

interest factors are affected for time-frames beyond the terminations of

operations. Scenic views and vistas, wilderness qualities, and physical

features in some localities could undergo alterations that could be considered

permanent transformations. Population density, employment, and cultural life-

styles would change from drilling, production, and transportation levels.

The change would be of long-term impact and directly affect access, utility

networks, waste disposal and creation of additional corridors.

While the construction of pipeline facilities has the potential

for causing unfavorable environmental effects, the employment of good

construction techniques can minimize or even eliminate most of these effects.

Farming or grazing lands can usually be restored to their original condition
4after no more than one growing season by the replacement of top soil and the

replanting of grass or crops. The aesthetics of wilderness areas can be

preserved by using existing rights-of-way or minimizing the width of new

rights-of-way by replacing grass and shrubs on the rights-of-way and by using

such techniques as feathering and screening or deflecting of entranceways.

Any displacement of wild animals will occur primarily during the construction.

Banks can and should be stabilized to avoid erosion during construction. Access

and service roads should be maintained with proper cover, water bars and
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appropriate slope to avoid soil erosion. Compressor stations and other

above-ground facilities can be located in unobtrusive sites and planted with

appropriate trees and shrubs to enhance their appearance; location, planting

and exhaust design can be used to abate excessive noise associated with

operation of the compressor stations. Treatment plants can be located and

equipped with devices to minimize any adverse effects upon air quality and

suitable means, e.g., evaporation ponds or disposal wells, can be found for

preserving the water quality of the surrounding area.

Perhaps the greatest adverse environmental impact from oil and gas

operations results from oil, chemicals, brine, or waste material pollution.

This pollution can result from spills, leaks, blowouts, human errors, or

equipment failure. Although care is exercised to prevent land pollution,

there are no fail-safe methods to completely protect the environment.

Land pollution, primarily from salt water and accidental oil

spills, can result in soil sterilization that could be of a long-term nature

and affect not only the topsoil but underground water quality. Native

vegetation and crops can be adversely affected for short or long-term duratior

depending upon the volume and toxicity of the pollutant, resistance of the

flora, and the techniques and technology employed. Alterations of the flora

in turn affect the habitat of birds and animals. Depending upon the degree

of pollution, land uses such as agriculture, grazing, forestry, and wildernesE

can be altered for varying time-frames. In some cases large pollutant concen-

trations could be sufficient to kill vegetation, trees or crops and disrupt

wilderness areas for long-terms. Recreation in areas subjected to large

pollutant concentrations can also be altered for long time-frames.
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Depending upon local conditions, aesthetics such as scenic views

and vistas, wilderness qualities, unique ecosyptems, or historical sites

and objects may be altered. The degree of alterations would be dependent

upon the degree of pollutant introduction and local conditions. Disruption

of ecological relationships such as food chains and salinization of soil and

water resources could result from pollutant contamination. The degree of

contamination has a bearing upon the duration of the environmental impact.

In exploring and pipelining, any spills that occur normally would

be small. Major spills could occur in drilling and production and in the

movement of petroleum liquids by marine transportation. The Federal Water

Quality Administration (EPA) estimates that 10,000 oil spills occur a year

of which 2,500 are ground spills (National Petroleum Council 1972a, p. 146).

Most ground spills cause little ground pollution. According to the 1970

report of the Office of Pipeline Safety (Department of Transportation)

on spill incidents, spills averaged approximately 1,780 barrels of crude

oil. Principal cause of over 50 percent of accidents was corrosion. Many

onshore pipelines are old, dating back to 1920's before techniques for pro-

tection against corrosion became widely used. Continued accidents can be

expected from these lines. With the development and expanded use of cathodic

protection of pipelines, fewer accidents in new lines are expected, but

accidents from old lines will continue to be of concern.

Impact on water quality

The construction of roads for access into prospective petroleum

producing areas could affect water quality by disturbing drainage patterns

and causing erosion. The dredging of canals could result in increased

turbidity and resuspension of bottom sediments as well as salt water intrusion.
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Turbidity is considered to be of short-term duration but may

affect local flora and fauna. Siltation of water reservoirs and estuaries

has long-range environmental impacts in that the shape and size of the water

basin is altered. This can have an adverse impact on flora, recreation

activities, and aesthetic qualities and, perhaps, disturb ecological food

chain relationships.

One of the major environmental risks of petroleum production

operations is the entry of foreign substances such as oil, chemicals, brine,

and waste materials into the water cycle. Spills or leaks releasing these

substances result from human error, corrosion of pipelines and vessels,

ruptures or mechanical failures, burning pits, open ditches and blowouts.

Large amounts of salt water may accompany oil production as oil

fields age. Such water can create pollution problems from producing wells

on land or freshwater-covered areas. According to a study of the Interstate

Oil Compact Commission (IOCC), up to 25 million barrels of salt water are

produced daily from the nation's oil wells. Proper disposal of produced

brines has been and continues to be of major concern to producing operators

and regulatory agencies. Subsurface disposal is strictly regulated by some

state conservation agencies and disposal of salt water is not permitted in

freshwater streams.

The introduction of oil or brine into the water cycle can adversely

affect vegetation and aquatic plants, birds, land animals, and fish.

Sheltered lagoons and estuaries impose natural dispersal restrictions on

oil spills causing the oil to remain trapped or concentrated in such areas

for long periods. Major reductions in water quality that significantly

disrupt the food chains in bays, lagoons, and estuaries could have long-term

environmental effects.
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Special considerations

Nuclear stimulation

Nuclear stimulation, an experimental method of fracturing low

permeability gas reservoirs otherwise incapable of sustaining commercial

production, has potential to add materially to U.S. recoverable gas reserves.

The Atomic Energy Commission is conducting research and development of

nuclear explosives and techniques for utilizing the effects of multiple

nuclear explosives to recover natural gas locked in tight geological formations.

Such gas cannot now be economically produced by conventional methods. Most

reserves which are amenable to nuclear stimulation lie in thick, deep reser-

voirs of very low natural permeability located in the Rocky Mountain area.

Project Gasbuggy, a cooperative effort of the AEC, the Department

of Interior and El Paso Natural Gas Company, involved detonation of a 29

kiloton nuclear explosive in the Pictured Cliffs formation, a gas-bearing

formation near Farmington, New Mexico. The explosive, set off at a depth

of approximately 4,200 feet on December 10, 1967, created an underground

chimney containing about 2.3 million cubic feet of crushed rock. There was

no unplanned release of radioactivity to the environment. By November

1969, nearly 300 million cubic feet of gas was extracted from the chimney

through intermittent production testing of the well. A similar program,

Project Rulison took place near Grand Junction, Colorado, in December 1969.

It involved detonation of a 40 kiloton explosive at 8,430 feet.

Projects Gasbuggy and Rulison were basic experiments each involving

the detonation of a single nuclear explosive but in different gas formations

and at different depths. Both of these projects clearly demonstrated that
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recovery of natural gas by nuclear explosive stimulation is technically

feasible and economically promising. The current development phase involves

techniques for using multiple explosives in a single wellbore. Gas formations

amenable to nuclear explosion stimulation are thicker than can be effectively

and feasibly stimulated by a single explosion. The Rio Blanco Project, part

of this phase, involved simultaneous detonation of three 30-kiloton nuclear

devices more than a mile underground on May 17, 1973. The stimulated well

near Meeker, Colorado, is expected to produce 17.5 billion cubic feet of natural

gas from sandstone formations. The gas should fill the chimney created by

the explosions from where it can be piped to the surface.

The Atomic Energy Commission has reported on the possible scope

of nuclear stimulation and has provided an economic assessment of the

technical programs needed to achieve commercially viable application of

nuclear stimulation of natural gas wells. Current emphasis in AEC's Plowshare

program is to develop technology. A research and development period of

approximately 5 years is required; it includes the design and testing of

explosives and execution and evaluation of pilot tests in each basin. The

Rio Blanco Gas Stimulation Project impact statement discusses a three-phase

demonstration program for the Rio Blanco Unit which is being considered by

the industrial sponsor but for which there is, as yet, no Government

commitment. Assuming success during experimental testing, commercial develop-

ment could begin by the late 1970's. A scenario developed by the Lawrence

Radiation Laboratory (LRL) (Rubin, Schwartz, and Montan 1972) assumes technical

capability and public acceptance of drilling, necessary field construction,

and explosive firing of 80 wells (290 explosives) per year by 1980. This

could result in the production of about 600 Bcf of natural gas per year by
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that time. Favorable conditions might allow a development program of

100 wells (370 explosives) per year beginning in 1981. Such a schedule could

yield 1.50 Tcf per year (4.35 billion cf/day) by 1985. This corresponds

to an energy production of 4.35 trillion Btus/day.

Environmental impact

Environmental effects of nuclear stimulation to increase natural

gas production from tight reservoirs are related to radioactivity and

seismic disturbance, both of which concern the surface or subsurface,

leaving atmospheric contamination or disturbance unlikely. The depth of

the gas formations of interest throughout the Rocky Mountain area is such

that the probability of releasing any appreciable amounts of radiation to

the atmosphere at detonation time is considered negligible. Most radio-

activity produced by the explosives will remain underground, trapped in

the resolidified rock near the bottom of the chimney or attached to the

rock surfaces in the chimney. Project design would take into account mobile

waters and assure that chimneys remain isolated from them. The formations

of interest for nuclear-explosive stimulations are generally at depths of

5,000 to 10,000 feet or deeper, have low permeability, and would not be

expected to contain mobile water. Significant vertical communication with

shallow water-bearing formations through existing or created faults or

fractures must be avoided. Water produced with the gas from nuclear-explosive

stimulated wells will contain very low levels of tritium. Control methods

of disposal of this contaminant are being developed.
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The chemical composition of the gas itself in each stimulated well

is assumed to be similar to that measured in the first experiments. The

initially large carbon dioxide concentration in the chimney either would be

reduced by dilution with pipeline gas or would be removed by standard gas

field practices. After production of a few chimney volumes, the carbon

dioxide would be depleted and the gas composition would be essentially the

same as that from conventional wells. Gas production from the wells could

be delayed until short-lived radionuclides decay. Technical information from

subsequent experiments will aid in defining the time for initiation of

production.

The remaining gaseous isotopes--tritium and krypton-85--are

produced with the first few chimney volumes of gas calculated to provide

less than on milliroentgen per year of exposure to the general population

if the gas were used as a part of the total gas supply to a large city. No

insurmountable problem is anticipated in meeting future regulations or

standards developed for sale of the gas.

The potential environmental impacts resulting from nuclear stimu-

lation of a single well or in a small geographic area have been evaluated

in the environmental statements prepared for the Rio Blanco (Atomic Energy

Commission 1972) and the proposed Wagon Wheel (Atomic Energy Commission 1972a)

projects. Extrapolation of the impact to a full commercial development

relates primarily to the frequency and size of explosives and to changes

in local environment as the areas of development expand.

The scenario developed by the AEC's Lawrence Radiation Laboratory

describes drilling and firing of 100 wells per year (for possibly 50 to 60

years). On the average this would involve approximately 370 explosive
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devices per year, usually 3 or 4 explosives in each well. The AEC estimates

that four detonation days per year should suffice for the 30 to 40 wells to

be completed for each field area. The size of the explosive required to

stimulate the very thick geologic formations and the actual seismic effect

of such devices are still being evaluated.

In extrapolating the projected or observed impact of test projects,

consideration must be given to the total environment of the basin. The

site for the Bio Blanco experiment, for example, is relatively isolated.

There are thought to be no surface or subsurface structures or operations

in the zone of substantial damage. The fact that this will not invariably

be true is an important consideration when planning commercial development.

By its nature, nuclear stimulation has a dramatically disruptive

effect on the nearby natural-gas host rock. The fracture zone should extend

300 to 400 feet from the center of the explosion. Also the compression wave

moving out from the explosion can cause spall near a free surface (ground

level) or other faulting or fracturing in areas where there is a large

natural directional stress concentration. This would lead to concern if

other valuable mineral resources exist in the area. However, the areas

being considered for nuclear stimulation are relatively seismically inactive

and would not appear to have large natural stresses required for such structural

failures.

The development of nuclear stimulation of natural gas reservoirs

may be accompanied by some possible damage of existing structures due to ground

motion. Damages would have to be prevented (as by bracing) or repaired or

compensation rendered to owners. Ground motion is predictable and utmost

care would be used to minimize this effect.
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It has been suggested that residual stress from a number of

detonations might accumulate and present an earthquake stimulation hazard

not present in a single detonation. The best evidence available on this

point is from experi~nce with the Nevada Test Site where data from seismic

wave generation and from stimulated fault motion indicate that the cumulative

effect of many explosions is to reduce ambient stress levels rather than to

increase them. A recent series of high-precision geodolite measurements

indicates, also, that the residual strain field around a single explosion

site tends to relax with time. In any case, observations of the seismic

effects of a series of detonations would permit continuing appraisal of this

issue.

Background.

The sale of natural gas for resale in interstate commerce is currently

under Federal Power Commission (FPC) jurisdiction. In 1954, the Supreme

Court ruled that independent producers of natural gas who sell for interstate

commerce were not exempt from regulations under the Natural Gas Act.

In the past few years, the FPC has modified its pricing policies

to be more responsive to the gas supply situation, and the FPC Chaiman, on
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April 10, 1973, urged Congressional action to amend the Natural Gas Act to

decontrol the price of new gas supplies. The President, in his energy

message to Congress April 18, 1973, proposed decontrol.

Concurrent with the President's Energy Message, the Department

of the Interior submitted to Congress proposed legislation to amend the

Natural Gas Act. Until such legislation is passed by Congress, however,

the wellhead price of new gas will continue to be regulated by the Federal

Power Commission.

Resource base.

The Potential Gas Committee has estimated the remaining undiscovered

resources of gas in the United States as of December 31, 1970, and has divided

these resources by region and by degree of uncertainty. This amount is

approximately 4.5 times the 1970 proven reserves of the conterminous forty-

eight states, indicating that substantial additional reserves may be developed

if economic incentives improve.

Economic considerations.

Deregulation of the price of new gas is a policy option that, if

implemented, should stimulate the economic incentive for the discovery of

new supplies and reduce inefficient use of the fuel. To determine the

effectiveness of such policy options on these objectives, estimates of the

extent of producers' and consumers' responses to increasing prices are needed.
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When prices rise, producers have a greater opportunity for profit

in developing resources which otherwise might seem too risky or uneconomical

to develop. On the other hand, consumers are less willing to pay higher

prices and may curtail some of their uses of the fuel, tending to bring

supply and demand into balance. While supply and demand elasticities have

been the subject of much research, very little is known of the quantitative

relationships.

Demand elasticity.

Six economic studies on price demand elasticity were reviewed by

Professor Draper in '~egulation of the Natural Gas Producing Industry"

(Bram 1972, pp. 49-55).

Vermetten and Plantinga (1953). This study deals principally with

the cross elasticity of gas and other energy sources in eleven industries

aggregated by states. The elasticities ranged from -0.33 to -4.99 based on

evaluation of 1947 data. (A -0.3 demand elasticity means that a 10 percent

increase in price would cause a 3 percent reduction in quantity demanded.)

Wein (1961). This study used multiple regression analysis to solve

twelve equations that relate factors thought to determine level of exploration

with residential, commercial, and industrial demand. Cross-section analysis

was used for the year 1961 for data aggregated by state. The results in-

dicated that elasticity of industrial consumption was almost four times as

large as the elasticity of residential and commercial consumption with respect

to price; expressed differently, industrial users of gas respond more rapidly

to higher gas prices by demanding less gas than residential and commercial

users or by converting to another fuel. Industrial demand was highly elastic,
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-2.5, whereas combined residential and commercial demand had an elasticity

of -0.8. Professor Draper intimates that one of the more important uncer-

tainties in the study is the choice of independent variables used to determine

demand and exploration.

Villanueva (1964). This study attempts to establish the variables

affecting gas demand of the major sectors of the consumer markets and to

estimate the effects of different gas rates on the distribution of the fuel

between consumer groups. Multiple regression analyses were performed with

independent variables including prices on natural gas and competitive fuels,

income, temperature, housing starts, and measures of consuming-industry

activity for the period 1950-60. Price elasticities were calculated to be

-1.83, -1.39 and -0.51 for regional gas demand of residential-commercial

consumers in three of the five regions analyzed. Price elasticities of regional

demand by industrial consumers ranged from -1.34 to -1.64 for three of the

five regions. One major criticism of this study is that data were aggregated

to such an extent that the number of observations of the variables was

insufficient, which made difficult an interpretation of the statistically

significant variables.

Balestra (1967). This study attempted to develop a dynamic

equation for natural gas in the residential and commercial sectors of the

economy. A short-run demand function relating demand to availability of

gas, the stock of gas-using appliances, the real price of gas, and the real

per capita income using 1950-62 data resulted in elasticities ranging from

-0.00002 to -7.75. The conclusions were that the total demand for fuels is

fairly inelastic in the short run; substitution of fuels must be small in
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the short run given the consumers' stock of major appliances, and the upward

trend in elasticity suggests that competition from alternative sources of

energy may become stronger in future years. Draper (1972) summarized the

limitations of this study as It ••• difficult to interpret the results when

so many analyses were performed, their results are not in agreement, and

there is no clear theoretical basis for choosing among the difterent models."

Tummala (1968). Two models were developed in this study to explain

the demand for natural gas in the residential, commercial, and industrQal

sectors using annual times-series data for the State of Michigan from 1946-1964.

For one model, the simultaneous equations model, burner tip price elasticities

of demand in the residential, commercial, and industrial sectors were -0.44,

-0.60 and -1.33, respectively. The other model, a distributed-lag model,

produced some results not in accord with economic theory. Major problems

were with the level of aggregation of the Michigan data and with the ensuing

equations having statistically insignificant coefficients.

Gujarati (1970). This study attempted to determine the ratio of

electric space-heating customers to total residential customers using price

of electricity, price of gas, personal income of the consumer, degree days,

and number of housing units of various types. Multiple regression analyses

were used for the period 1963-1967 for twenty-seven privately owned utilities.

This study is not directly relevant because the concern in this energy

alternative is the effect of deregulation on the demand for and supply of

natural gas to all users, not just residential customers.

These six studies show widespread differences in the demand

elasticity of natural gas. Each study has its problems and limitations,

as pointed out by Draper, making reliance on any particular set of elasticities

suspect.
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Demand elasticity is analyzed in the six studies in terms of end

users only. When considering deregulation of wellhead prices in terms of

effect on supply-demand imbalances, supply and demand elasticities at the

wellhead are more pertinent problems. None of the studies discuss these

problems although wellhead demand is derived from user demand.

In summary, little can be said with assurance except that demand

elasticity is negative. If the wellhead price of gas is deregulated, however,

and the price increases 10 percent, any decrease in demand by pipeline

companies in the short-run might be expected to be less than ten percent.

Supply elasticity.

Four recent studies have been made concerning price-supply elasticity.

Some of the same problems arise in these studies as in the studies of demand

elasticity, including level of aggregation of data, availability of relevant

data, serial correlations, and proper identification of the supply function

using significant variables from the data base. Although questions have

been raised concerning the accuracy of these studies, the results have not

been as divergent as those in studies of demand elasticity.

Garrett (1970). This study, using 1955-69 data, attempts to measure

the resources that would become economically exploitable due to an increase

in the wellhead price of gas, as distinguished from the amount that would

be discovered. A constant elasticity-of-supply can be estimated of 0.5,

indicating that a 10 percent increase in wellhead price would increase natural

gas supply 5 percent.

Erickson and Spann (1971). An attempt was made, using 1946-59

data, to analyze the problem of joint costs, or the difficulty of separating

gas well costs from oil well costs. They concluded that oil prices have no
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long-range effect on gas supply and may, in the short-run, have a negative

cross elasticity effect; in other words, an increase in oil price may decrease

gas supply for a short period of time but is not expected to have an effect

on gas supply in the long run. Their best estimate of gas supply elasticity

was 0.5, with a 0.69 elasticity over the long-run.

Khazzoom (1971). This model, developed for the Federal Power Commission,

does not estimate a constant e1asticity-of-supp1y value. An equation based

on 1961-68 data shows gas supply as a function of several variables, one of

which is price. Assuming continuing regulation of the wellhead price, the

supply-elasticity estimates vary from year to year.

MacAvoy (1971). Preregu1ation data in the period 1954-60 were

used to estimate empirically a market clearing model, where supply, demand,

and wellhead prices were hypothetically at a state of equilibrium. The model

is then applied to 1961-67 data and the differences between actual reserve

additions and wellhead prices, and the market clearing values are compared.

These differences are assumed to be the result of lower supply at lower

regulated prices. A supply elasticity value of 0.45 was obtained for the

long-run.

Table 9

Supply Elasticity Estimates

Author and Date
Garrett (1970)
Erickson-Spann (1971)

Years for which data
was analyzed
1955-69
1946-59

Khazzoom (1971) 1961-68

Supply elasticity
0.5
0.69
0.5 (best

judgment)
No constant

estimate
0.45MacAvoy (1971) 1954-60
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Thus, it appears that a 0.5 supply elasticity estimate might be a

reasonable consensus of supply response to price. If the new average wellhead

price is $.27 per Mcf with reserve additions at 9.4 Tcf, an increase in

price to $.40 might raise available reserve additions 2.3 Tcf to 11.7 Tcf.

This price amount must be modified by an estimate of demand elasticity.

Unfortunately, it is difficult to obtain a consensus on demand elasticity

since demand is established in reference to consumer as opposed to wellhead

prices and since there is much variation in the available estimates. Thus,

although an additional 2.3 Tcf might be available at $.40 per Mcf, demand

elasticities may have some effect on this price.

A report was issued recently by the American Petroleum Institute

estimating the impact of alternative deregulation proposals on natural gas

prices. The estimates were based on analysis of gas sales contracts in effect

on January 1, 1973, varying assumptions as to market price levels in the

event of deregulation and proj ections of "new" and "old" gas delivery volumes

to 1980.

Delivery volumes and prices of "old" gas were projected to 1980

from volumes and prices payable under existing contracts for 2 Bcf or more

annually. It was assumed that prices would rise to the estimated market

level upon expiration of the contract and whenever contractual provisions

would permit. The study estimates that as of January 1, 1974, 62 percent

of the sales volumes under existing contracts would not be subject to

escalation to the current market price. This percentage would drop to

48 percent by January 1, 1980.
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With respect to "new" gas sales, it was assumed that new supplies

would be committed at the market price and that annual reserve additions

would increase from 10 Tcf to 19 Tcf by 1975 and 27 Tcf by 1980. The

delivery volumes derived for "old" and "new" gas resulted in fairly stable

production through 1976, increasing thereafter by approximately 2 percent

annually.

The report noted that a positive relationship between supply and

price was widely recognized, but that no technique had as yet been developed

for reliably estimating the price elasticity of supply.

Projections of the impacts of deregulation at various market

prices are summarized below:

Table 10

Estimated Average Field Prices, All Sales

Deregulation
of All Sales

Deregulation
of New Sales
and Expiring
Contracts

(cents per HcO

Deregula tions
of New Sales

Only

Assuming $.55 Market Price
1/1/74 26.80 22.96 22.08
1/1/77 35.84 32.17 30.11
1/1/80 45.66 43.43 39.52

Assuming $.65 Harket Price
1/1/74 28.12 23.44 22.27
1/1/77 39.41 34.94 32.23
1/1/80 51.45 48.84 43.80

Assuming $.75 Harket Price
1/1/74 29.45 23.92 22.46
1/1/77 42.97 37.71 34.36
1/1/80 57.25 54.25 48.07

The above estimates compare with the average field price of 20.48¢ for all

interstate gas deliveries as of 1/1/73.
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The report has aroused considerable controversy; criticisms have

been made that the report is misleading and deceptive in that market prices

may rise considerably higher than the $.75 maximum assumed level in the report

with greater costs to the consumer.

Environmental impact

An analysis of the environmental impact of the proposed deregulation

of the wellhead price of gas has been prepared by the Department of the

Interior in its draft environmental impact statement. As stated in the

statement, this alternative would not result directly in any specific

action. It would, however, trigger market forces which would result in

increased activities impacting on the environment. These activities would

center on increased domestic production, both onshore and offshore, of

natural gas and associated oil. More detailed discussions of the impact of

these activities are contained both in the draft statement on the proposed

deregulation and"elsewhere in this statement.
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Oil Imports

Projections of future import levels

Oil imports will play an important role in fulfilling the rising

demand for petroleum in the United States. The following table shows the

expected increases in the demand for petroleum, the expected domestic production,

and supplemental supplies that will be required to fulfill demand. If domestic

production is not stimulated, the supplemental supplies shown in table 11

will come in the form of increased imports. After 1980, incremental production

of petroleum products may be possible from such sources as oil shale, tar sands,

and coal, but imports will still provide most of the supplemental supply.

Table 11

Total U.S. Petroleum Demand, Domestic Production and Supplemental Supplies
Through the Year 2000 (in millions of barrels per day)

1980 1985

Total petroleum
demand 20.8 25.0

Total domestic
production 11.7 11.7

Supplemental
supplies 9.1 13.3

2000

35.5

10.5

25.0

Source: U.S. Department of the Interior 1972, United States Energy Through
the Year 2000, by W. G. Dupree, Jr. and J. A. West, p. 43.

The National Petroleum Council analyzed energy supply and demand and

provided projections of imports through 1985. Their projections were for four

different sets of economic conditions, whereas Case IV represented the least

favorable. Cases II and III were for conditions intermediate between the other

two. The following table gives the National Petroleum Council projections of
imports needed to balance demand for the four cases.
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Table 12
Projected Level of Oil Imports
(in millions of barrels per day)

Case 1975 1980 1985

I 7.2 5.8 3.6

II 7.4 7.5 8,7

III 8.5 10.6 13.5

IV 9.7 16.4 19.2

Source: National Petroleum Council, 1972, U.S. Energv Outlook: A Report of
The National Petroleum Council's Committee on U.S. Energy Outlook.

Another way to view projected oil imports is as a percentage of the

total petroleum consumed or estimated to be consumed. In the four cases cited

above the percentages of projected oil importation in 1985 are: Case I, 16 per-

cent; Case II, 38 percent; Case III, 54 percent; and Case IV, 65 percent. These

percentages demonstrate the increasing importance of imports when viewed against

decreasing or constant domestic production and rising demand.

Present oil imports policies

Until President Nixon's energy message of April 18, 1973, imports of

crude oil, unfinished oil, and oil products were limited under the Mandatory

Oil Import Program established in 1959 by Presidential Proclamation 3279. In

his message, the President stated that:

"The Mandatory Oil Import Program was established at a
time when we could produce more oil at home than we were
using ....Today, however, we are not producing as much
oil as we are using, and we must import ever larger
amounts to meet our needs. As a result, the current
Mandatory Oil Import Program is of virtually no
benefit any longer."
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For this reason the President lifted controls and tariffs upon imports of

crude oil, unfinished oils, and finished petroleum products; he imposed a

gradually increasing scale of license fees on imports; and he provided for the

reduction of the levels of most fee-exempt imports. Some fee-exempt imports

that were intended to encourage exports of petrochemicals were continued.

Under the quota system, the level of petroleum imports was restricted on the

basis of petroleum product imported, the geographical area in the United States

to which delivery was made, and for some imports, the country of origin.

The Office of Oil and Gas (or its successor agency) will continue

to administer the oil import program. The license fees will be reassessed from

time to time to be sure that the goals of stimulating domestic production and

increasing refinery capacity are being met.

Import flow pattern

Sources of imports

In the past, the United States has received most of its imports from

Western Hemisphere Countries. Because of declining resources and increasing

domestic demand in these countries, they may not be able to meet future U.S.

needs for imports.

Problems with the security of supply, balance of payments, and U.S.

off-loading terminal capacity could arise due to an increase in imports from

the Middle East and Africa. Using the 1972 Department of Interior projections

of import levels, the following table (13) shows the breakdown of oil imports

by source.
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Total imports

Table 13

Oil Imports by Source
(in million of barrels per day)

1985

1975 1980 Low High

2.3 3.0 3.3 3.5

4.1 6.1 10.1 10.9

6.4 9.1 13.4 14.4

Source

Western Hemisphere

Eastern Hemisphere

Tanker and terminal requirements

In 1971, total tanker arrivals for the conterminous 48 states were

67,700. The projected rise of waterborne imports in 1985 to 10.7 million

barrels per day would require expansion of United States port capacity.

A key factor in determining the changes that will be required in

U.S. port facilities is the size of tankers delivering the oil. Since 1965,

tanker construction has been directed almost exclusively toward vessels

larger than 65,000 DWT. The development of successful single-point mooring

systems, which allow the unloading of deep-draught tankers, and the closing

of the Suez Canal in mid-1967, gave impetus to the construction of Very

Large Crude Carriers (VLCC) ranging from 250,000 DWT to 425,000 DWT (presently

under construction). A tanker of more than 700,000 DWT has been ordered and a

1,000,000 DWT vessel is in the preliminary planning stage.

The major attraction of large tankers is the reduction in unit

transportation costs, as illustrated by table 14 below, for the major routes

bringing oil to the United States. The savings possible by using larger

ships for the longer distances are apparent. A 250,000 DWT tanker would save
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$0.50/ton compared to a 65,000 DWT tanker on the Venezuelan route, whereas

it would save $2.50/ton on the Persian Gulf route. As the volume of imports

increases and as the primary source of imports shifts from Latin America to

the Middle East, these savings will be important to the United States.

Table 14

Freight Cost of Transporting Oil
(Dollars per ton)

Ship size,
in DWT

Round-trip distances in nautical miles
4,000 8,000 24,000

65,000 $1.90 $3.50 $9.05

250,000 1.40 2.50 6.55

326,000 1.25 2.30 6.15

500,000 1.00 1.90 5.45

Source: U.S. Department of Commerce 1972, Offshore Terminal System Concepts,
Vol. 1, Fig. 1-32.

Balance of payments

Petroleum imports and associated activities have been important

factors in United States deficit balance of payments. Imports of oil and

refined products in recent years have equaled in value roughly seven percent

of all imports. The petroleum industry has accounted for approximately 25

percent of U.S. net capital outflows and 33 percent of U.S. net earning abroad

(National Petroleum Council 1972, p. 295).

Fluctuations in the value of the dollar and the international political

situation affect import prices. At present the situation is too unsettled

to make an accurate estimate of the effect on U.S. balance of payments. Another

important factor in the balance of payments is secondary trade stimulated by
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purchases of petroleum. U.S. dollars used to buy fuel or to finance overseas

operations will generate return flows when the energy-exporting country spends

part of its increased income on U.S. goods and services.

Security considerations

In 1970, a Cabinet Task Force on Oil Import Control made a compre-

hensive study of oil imports. The Task Force's report identified eight major

security difficulties that might attend dependence on foreign supplies (Cabinet

Task Force on Oil Import Controls 1970, p. 31).

1. War might possibly increase our petroleum requirements
beyond the ability or willingness of foreign sources to
supply us.

2. In a prolonged conventional war, the enemy might sink the
tankers needed to import oil or to carry it to market from
domestic production sources such as Alaska.

3. Local or regional revolution, hostilities, or guerilla
activities might physically interrupt foreign production
or transportation.

4. Exporting countries might be taken over by radical govern-
ments unwilling to do business with us or our allies.

5. Communist countries might induce exporting countries to
deny their oil to the West.

6. A group of exporting countries might act in concert to deny
their oil to us, as occurred briefly in the wake of the
1967 Arab-Israeli War.

7. Exporting countries might take over the assets of American
or European countries.

8. Exporting countries might form an effective cartel raising
oil prices substantially.

With the creation of OPEC, the last point, formation of an effective

cartel, has already occurred. The result, as the study had foreseen, has been

a substantial increase in oil prices.
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The basic problem with importing a substantial proportion of the

nation's oil is that the sources of additional foreign oil--in general,

the Middle East and North Africa--are not firmly committed and oil exports

to the United States might be withheld for political and/or economic gain.

Schurr and Homan (1971) note that the question bf supply

interruptions

" . needs to be dealt with in the interests of both the
importing and exporting countries because supply interruptions
are economically damaging to both. Not only do they have sharp
short-run effects which are economically painful, but their
longer-run consequences can also be damaging if channels of
commerce are diverted into alternatives which impose a permanent
economic penalty upon both those countries that sell oil and
those that buy."

Interdependence of exporting and importing countries does not

guarantee that interruptions will not occur. Schurr and Homan (1971) point

to interruptions from the shutdown of Iranian production beginning in 1951,

the closure of the Suez Canal and attendant lengthening of transportation

routes in 1956-1957, and again from 1967 to the present.

The Cabinet Task Force on Oil Import Control (1970) identified three

possible alternative measures to cope with an interruption of supply. These

are: use of synthetic sources of crude, such as oil shale or tar sands;

development of the shut-in capacity of Naval Petroleum Reserve No.4; and

provision to store oil until needed. The last of these alternatives is

discussed below; the others are discussed elsewhere in this statement.

The most promising methods of storing oil are in steel tanks or

in salt domes. Estimates made in 1970 of the capital costs of storage

in steel tanks range from $1.84 per barrel to $2.75 per barrel, including land

acquisition. Annual management and repair costs would be 11 to 14 cents per

barrel. Evaporation losses in a cone-roof tank would be about two percent.
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If a floating roof were used, evaporation losses should be negligible (Cabinet

Task Force on Oil Import Control 1970, p. 299).

Salt domes presently are used in the United States for the storage

of natural gas liquids. A study by the Department of the Interior indicated

that in 1966, 130 unused onshore salt domes were suitable for storage in the

Gulf Coast area (U.S. Bureau of Mines 1966). A potential storage capacity

of five million barrels was assumed at each site, yielding a total capacity

of 650 million barrels. The capital cost of storage in salt domes was

estimated to be from $1.02 per barrel to $2.04 per barrel. Because there

would be no evaporation loss and only minor maintenance and management costs,

total annual costs would be low. There would be some loss of oil in the

recovery process, estimated to be five percent.

Imports in the short run would have to be increased to obtain the

crude oil for storage. These imports would either go directly into storage

or would replace domestic crude oil, which would be stored.

Environmental impact

Additional ship traffic and oil handling made necessary by increased

imports will have the environmental impacts discussed below.

Potential oil pollution

Three factors are considered in analyzing possible oil pollution

related to tanker shipment of imports: (a) intentional discharge, (b) accidental

discharge, and (c) tanker casualties.

The primary sources of intentionally discharged oil are shores ide

ballast-treatment facilities and underway tank-cleaning operations. Ballast-

treatment facilities would be maintained in foreign waters at the loading end
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Increased tankers and terminals

Increased petroleum imports will require an increase in the number

and/or size of tankers. The heavily populated Northern Atlantic coastal
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region will be the primary destination of petroleum shipments, and the Gulf

Coastal region will be the secondary destination. If the use of conventional

ports continues, tankers will be restricted to 60,000 DWT or less. The

continued use of these small tankers will require a large increase in the

number of tankers unloaded each day. The added congestion would increase the

risk of collision and subsequent oil pollution. The transfer of oil from

VLCCs to small tankers at foreign ports would also cause substantial

increases in ship traffic. The problems of port congestion could be alleviated

by the use of large tankers making deliveries directly to U.S. terminals.

The environmental impacts of building terminals to handle large

tankers will be determined by their locations. Enlarging channels and harbors

of existing ports would require dredging which could endanger sensitive estuarine

areas. These areas are important as nursery grounds for many aquatic animal

species and for a variety of recreational pursuits. Extensive dredging also

presents the danger of penetrating freshwater aquifers and causing saltwater

contamination of nearby urban water supplies. Expansion of existing port

facilities in populated areas could cause conflicts with existing or planned

land uses.

Offshore terminals would greatly reduce the dangers of dredging and

port congestion. The determining factor would be the distance of the facility

from shore. Terminals close to shore would generally require dredging. Main-

taining a close-in facility could, therefore, cause some damage to estuarine

areas as a result of dredging and of oil spills that could reach shore before

dispersing or being cleaned up. A terminal farther offshore might not require

dredging and would allow spills to disperse or be cleaned up before reaching

sensitive areas.
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The construction of a breakwater or island would permanently

eliminate from productivity the area of sea floor covered by the structure.

Some of this lost area~ however~ will be offset by fish havens formed by

rubble mounds. A deep-water site would affect fewer species than one in

shallow or moderately shallow water. A breakwater could reduce wave action at

the shoreline and thereby reduce beach erosion. This could lead to the

deposition of suspended sediments and accretion of the beach. Continued

accretion could cause the development of a sand spit which might ultimately

extend to the offshore structure. If accretion took place at the up-current

end of the beach system~ the normal supply of sand to the rest of the beach

would be cut off and the beach might become silty or muddy. Generally~ if

the distance from the structure to the shore is more than twice the length of

the structure~ the effect on the shoreline would be slight (Department of

Commerce 1972~ p. 19).

Pollution potential at loading site

The increased movement of petroleum will result in increased proba-

bility of oil spills at the loading end. Additional spills would result from

intentional and accidental discharges and from tanker casualties such as col-

lisions and groundings. In some exporting countries where pollution control

standards may not be stringent~ the potential for pollution would be appreciable.

Relationship of alternative to proposed mining in the Eastern Powder River
Coal Basin

Under this alternative, the replacement of the total energy expected

from mining through 1990 would require additional oil imports of about 4,567 MM

Bbl (26.5 Quintrillion Btu).
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Importing petroleum would have a negative impact on the United

States balance of payments. Some of the factors affecting this impact are:

the type of import; that is, crude oil, semi-refined products, or refined

products; the price of imported oil; the exporting countries' propensity to

import from the U.S.; the amount of U.S. capital invested in the exporting

country for these facilities; and the nationality of vessels carrying the

oil. In the past, imported petroleum was generally less expensive than

domestically produced petroleum. Recent events, such as the devaluation of

the U.S. dollar and agreements that allow greater participation of the

exporting countries in oil production have brought the price of foreign oil

delivered to the U.S. to a much greater cost than that of oil produced

domestically; and, this price gap is unstable and subject to daily change

making predictions unreliable. Thus, increased oil imports do not constitute

a viable alternative for mining in the Eastern Powder River Coal Basin.
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Natural Gas Imports

Domestic production of natural gas will have to be supplemented to

fill energy needs. The supplements will be synthetic gas from coal and liquid

hydrocarbons, and natural gas imports. Synthetic gas is discussed in a separate

section. Natural gas could be imported into the United States by pipeline

from Canada or Mexico or by tankers from other countries in the form of

liquified natural gas (LNG).

Pipeline natural gas imports

Pipeline imports of natural gas comes into the United States from

Canada and Mexico. In 1972, 1.0 tcf (trillion cubic feet) were imported from

Canada, and 0.0008 tcf came from Mexico. Mexico has a small proven natural gas

supply base and a policy of self-sufficiency in energy. Present contracts

expire in 1982; thus, if no new supplies are released for export, imports from

Mexico could practically cease at that time. Increases in pipeline imports

of natural gas would therefore come from Canada.

Future increases in natural gas exports from Canada may be limited by

the Canadian National Energy Board (NEB). In November, 1971, the NEB dismissed

three applications for licenses to export over a 15- to 20-year period nearly

2.7 tcf of gas to the U.S. The NEB rejected the applications because " •..

the Board decided that there was no surplus of gas remaining after due allow-

ance had been made for the reasonably foreseeable requirements for use in

Canada • " (Canadian National Energy Board).

Liquified natural gas (LNG) imports

Because of the growing shortage of domestic gas supplies, plans are

now being made by the gas industry for liquified natural gas (LNG) imports
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under long-term contracts. LNG imports cannot be quickly increased to meet the

demands for greater supplies of natural gas. Large-scale shipping of LNG is a

relatively new industry and the United States does not yet have facilities

for receiving large shipments. The Federal Power Commission recently approved

two projects which together call for deliveries of the equivalent of more than

one billion cubic feet per day of LNG. Several other projects have been

proposed and are pending approval. Future import levels will depend on the

rate of growth of the United States' LNG industry.

Economic considerations

The impact that LNG imports will have on the United States balance

of payments is difficult to assess fully. Capital from the United States will

undoubtedly be required for part of the cost of construction of foreign-based

liquefaction plants. The Export-Import Bank, for example, is providing some

of the money necessary for the construction of an Algerian plant. It has not

been established, however, just how much U.S. capital will move to exporting

countries or how much will return through the purchase of U.S. equipment. The

use of foreign or domestic tankers will also affect the balance of payments.

The cost of the gas itself will, however, probably have the greatest impact on

the balance of payments. One estimate of the f.o.b. price of gas is $0.38 to

$0.53 per thousand cubic feet (Khan and Budle 1972). Importing 1 tcf could,

therefore, result in an outflow of $380 to $530 million. It should be noted

that the various potential source countries have a wide range of propensities

to import goods and services from the U.S.

The price to the consumer of imported LNG is also difficult to project.

The FPC, is approving the EI Paso Natural Gas Company application to import

LNG, limited initial prices to $0.77 per million Btu's (British thermal units)
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delivered to Cove Point, Md., and $0.83 at Savannah, Ga. The company has

indicated that the allowed prices may be insufficient. In 1973, prices

for natural gas in the United States, under the area rate method, ranged

from $0.225 to $0.34 per mcf at the wellhead. Under the FPC's new optional

pricing system, the price of new gas is higher. The first applicants under

this policy have proposed to sell gas for prices as high as $0.55 per mcf.

Environmental impacts

Increases in tankers; increases in terminal, transfer, and regas-

ification facilities; and the transportation and combustion of imported gas

would all have environmental impacts in the United States.

Any seagoing vessel may be involved in collision or other mishap;

however, escape of LNG to the environment from a ship would not necessarily

have a seriously adverse impact. Because LNG remains liquid only below -2590F

at atmospheric pressure, any spilled LNG would immediately begin to vaporize

but, although it would pollute the air, it would have little impact on land or

water resources. Studies on the possibilities of explosions resulting from LNG

spills are inconclusive.

Each regasification plant will require facilities to permit the

transfer of LNG from tankers to storage areas. At Cove Point, this will be

accomplished by the construction of a mile-long pipeline into Chesapeake Bay.

At the proposed Savannah plant, a channel and a turning basin would be dredged

in the Savanna River to allow the tankers to come close to the plant. Both

methods will require initial dredging, possibly require continued dredging,

and will cause increased turbidity of the water. The dredging and turbidity

will disrupt the habitat of marine animals, especially sessile bottom-dwelling

organisms. Most of the disruption would be temporary but as much care as
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possible would have to be taken to avoid contaminating commercial fishing

areas. The potential for fire or explosion is always present during the

transportation, transfer, or storage of LNG. Because spilled LNG would not

vaporize instantaneously, the release of the equivalent of several million

cubic feet of gas, for example, might cause a fire which could continue until

all the LNG had vaporized. An early LNG plant was destroyed by a disastrous

fire in 1944 due to the failure of a storage tank, with a loss of more than

one hundred lives. Since then, many improvements have been made in LNG

storage and handling technology and increased attention has been given to

proper safety precautions. However, a recent explosion of a Staten Island

storage tank, killing more than 40 men, shows that there is still an element

of danger involved in the storing and handling of LNG.

The construction of regasification plants will have impacts on land

resources. The extents and durations of the impacts will depend on the sizes

and locations of plants. For example, the plant proposed for Cove Point, Md.,

would produce initially 650 mcf of gas per day and require a 1,022-acre tract

of land; another plant proposed for Savannah, Ga., would produce initially 335

mcf of gas per day and require 860 acres. During construction there would be

some disruption of the land surrounding a plant and some damage to animal

habitats. The damage will be permanent only in the area occupied by a plant

and supporting facilities.

Very few pollutants will be released to air or water in the

processes used to regasify the LNG. Plants using water to regasify LNG will

release the water at a lowered temperature. For example, at the Savannah

plant, the temperature of water returned to the river will be lowered 50F.

A regasification plant could have an impact on the scenic and

recreational resources of an area. Thus, the choice of a plant site is an
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important factor in minimizing the impact on scenic qualities and recreational

activities. An increase in ship traffic could have an effect on water-oriented

recreational activities.

Because natural gas is a clean-burning fuel, the impact of combustion

on air quality would not be appreciable. Water and carbon dioxide are produced

in burning, and both can be harmlessly dissipated.

LNG imports will require the construction of new pipelines between

regasification facilities and existing pipeline distribution systems. Pipelines

generally are buried several feet underground, except for necessary pumping

stations and control valves. The impact on scenic qualities and recreational

activities is thereby minimized or eliminated. Rights-of-way would have to be

established and kept cleared of structures and vegetation that would interfere

with operation and maintenance of the systems. Trenches dug for the pipe would

be narrow, and the damage would be temporary.

Relationship to mining coal in the Eastern Powder River Coal Basin

Importing natural gas as an alternative to mining coal in the Eastern

Powder River Basin would require additional imports equal to the energy expected

from the Basin. Projections of future natural gas import levels, made in 1973,

indicated a maximum level of imports (total U.S.) of 3.9 tcf per year in 1980

and 6.8 tcf per year in 1985.

Any near-term increases in the amount of natural gas imported by

pipeline would have to come from Canada. At the present time, the policy of

the Canadian government has been to build a large domestic reserve by restricting

the level of gas exports. Unless this policy changes, it is unlikely that the

necessary gas would become available.
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Increases in LNG impurts depend on how quickly the LNG industry can

be introduced into the u.s. At the present time, the U.S. has no LNG projects

in operation, although one has been approved and others are pending approval.
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Coal (Nationwide)

The purpose of this description of the nation's coal resources

and industry is to place in perspective the amount of coal which can be

produced in the Eastern Powder River Basin and the environmental

impact of mining the coal elsewhere.

Coal resources and reserves

The nation's coal reserves are more than adequate to support

an accelerated schedule of development for many years. Coal is the

nation's most abundant fossil fuel. It contains on a Btu basis about

89 percent of the identified energy resources, as compared to 5 percent

for natural gas (dry), and 6 percent for oil (including natural gas

liquids) (U.S.Geological Survey 1969, p. 90).

Coal underlies 458,600 square miles in 37 states. The coal

resources of the nation were estimated to total more than 3,200 billion

short tons as of January 1, 1967 (U.S. Geological Survey 1969, p. 13).

Of this amount, 2,800+ billion tons were estimated to be at depths of

less than 3,000 feet and nearly 1,400 billion tons were estimated to

be at depths less than 1,000 feet. Slightly more than 1,500 billion

tons have been identified by mapping and exploration. About 200 billion

short tons of all types of coal are commercially recoverable under present

economic conditions and mining technology and are considered the recoverable

reserve (U.S. Bureau Mines, January 1, 1972, unpublished data). The

remaining coal resources in the Rocky Mountains and Great Plains were

estimated to be 874 billion short tons as of January 1, 1967 (U.S.

Geological Survey, p.33), including 188 billion tons in beds 10 feet or

1-799



more thick and less than 1,000 feet below the surface. The recover-

able resource of low-sulfur coal in the nation is about 94 billion tons

to a depth of 1,000 feet.

Approximately 84.5 billion tons of recoverable resources in the

Rocky Mountain and Northern Great Plains provinces can be extracted by sur-

face mining. About 25 billion short tons of low-sulfur coal are considered

the strippable reserve (Bureau of Mines 1971a, p. 15). Of the 45 million

tons of coal produced west of the Mississippi River in 1970, 33 million tons

were low-sulfur coal, 78 percent of which was mined by surface operations.

Due to environmental standards on sulfur emissions, high sulfur coal

will not be minable after January 1, 1975. It is generally accepted that this

will create a shortage of coal supply in relation to demand in 1975 and beyond

until new mines can be opened to produce low-sulfur coal. The degree of the

shortage is at present unknown. The upcoming situation will cause a high

demand for low-sulfur western coals.
About one-half of the remaining coal resources in the West underlie

the northern part of the Great Plains in very thick and closely spaced beds of
lignite and subbituminous coal. The coal generally has a low-ash-fusion tem-
perature, a low-sulfur content, a relatively low heating value, and a high

content of volatile matter. This coal is adaptable for power generation,
gasification, and liquefaction, particularly where strip mined at low cost.

Northern Great Plains Resource Program
The Department of the Interior announced on October 3, 1972, a

Northern Great Plains Resource Program (NGPRP). The Northern Great Plains,
which includes large parts of Montana, Wyoming, North Dakota, South Dakota,
and Nebraska, has been the focus of increasing attention because the
area contains vast amounts of relatively low-sulfur coal. The possi-
bility of large-scale development of the coal resource has heightened
concern for effective land use and resource planning, including such
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issues as environmental quality, mined-area reclamation, competition for

scarce water resources, development of other mineral resources, and

potential effects on the population and economics of the Northern Great

Plains States.

The local, State and Federal Governments which make land-use

and resource-planning decisions affecting the Northern Great Plains area

face competing economic, social, and environmental alternatives. The Federal

Government makes decisions regarding leasing schedules for coal resources

on public and Indian lands, regulations for air and water quality, and

development of water projects. Congress is considering several measures

related to strip mining. The states also are concerned with resource

development; many have considered or taken legislative action related

to strip mining and have prepared State Implementation Plans for air

quality under the Clean Air Act. Local governments promulgate zoning

and land-use plans and provide for essential public services. Regional

Commissions for economic development and water supplies share similar

concerns and responsibilities. These overlapping local, state, regional

and national interests are not well-coordinated at this time.

These factors have led the five states, the Old West Regional

Commission, and several federal agencies to initiate cooperatively the

NGPRP in order to bring together and coordinate information that bears

on the future development and environmental quality of the region.

The NGPRP is designed solely to examine the possible consequences

of alternative development plans of the resources of the region, including,

but not limited to, coal. The purpose of the program is not to recommend

actions or make decisions but rather to display the facts and the implications
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of various alternative plans upon the social, economic, and environmental

future of the area. The end result is intended to be a decision-making

tool for federal, state, and local interests who together must plan and

manage the area's land and natural resources.

The principal issue concerns the development, or nondevelop-

ment, of land and mineral resources within the Powder River and Fort

Union areas. Particular emphasis is placed on coal resources. The

program will provide data and analytical methodology, including the

development of appropriate models, to demonstrate the economic, social,

and environmental consequences of various courses of action. The program

will present both quantifiable and nonquantifiable implications of

alternative land and resource uses.

Environmental impacts of coal utilization

The expanded use of coal for power generation is a viable

alternative to the use of less abundant fossil fuels (oil and gas).

Major limiting considerations are the extent to which coal can be

substituted for other energy sources, including the convertibility of

equipment where displacement would be involved, and the problem of

maintaining air quality near plants that burn coal.

The sulfur content of U.S. coals ranges from 0.2 to over 7

percent. About 65 percent of the nation's identified resources contain

1.0 percent or less sulfur. Most of these resources are in the Western

States far removed from the major markets of the Midwest and East

(Bureau of Mines 1966b, p. 8). The bulk of current coal production is from

states east of the Mississippi River where low-sulfur coal is in short

supply and medium- and high-sulfur coal are more abundant.
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Sulfur oxides generally are emitted to the atmosphere in

direct proportion to the sulfur content of the coal feedstock. Recent

environmental regulations applicable to new electric generating facilities

restrict the emission of sulfur dioxide to 1.2 pounds per million Btu

of fuel as fired. For bituminous coal, this is equivalent to about 0.7

percent sulfur. In most areas, if coal is to be used for power generation,

implementation of the regulations requires that the sulfur content of the

coal be reduced prior to burning or that the sulfur oxides be removed from

stack gases following combustion.

Mechanical cleaning of raw coal is only a partial solution

to the problem because only a small fraction of American coal can

be cleaned sufficiently to meet sulfur standards. Mechanicial cleaning

removes only pyritic sulfur and leaves untouched the 40 to 60 percent

of the sulfur that is chemically combined in the organic structure

of the coal. Freeing small particles of pyrite requires fine grinding

prior to cleaning, which in turn adversely affects cleaning efficiency

and restricts the methods of cleaning that can be used. Tests of some

322 coals representing most of the steam coals produced in eastern

United States showed that regardless of the fineness of grinding, and

utilizing present cleaning technology, less than 20 percent of these

coals could be cleaned to 0.7 percent sulfur prior to combustion

(Bureau of Mines 1971a).

The status of technology for flue gas desulfurization (FGD) was

reviewed at a special public hearing in Washington, D.C. from October 18 to

November 2, 1973. The Environmental Protection Agency position (Report of

the Hearing Panel - National Public Hearings on Power Plant Compliance with
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Sulfur Oxide Air Pollution Regulations; EPA; January 1974) stated at these

hearings inlcuded the following:

(1) FGD technology represents a viable means of achieving power

plant S02 control.

(2) Technological feasibility of FGD systems has been established.

(3) A large fraction of the nation's coal-fired power plants can

be fitted with commercially available FGD systems and meet S02

control requirements.

Some of the optimistic assessments of economics of stack-emission

controls are based on receiving a substantial credit for sale of byproduct

sulfur, but the supply of sulfur, recently, has exceeded demand, and sub-

stantial additional production of elemental sulfur could cause further dis-

ruption of the domestic sulfur industry.

President Nixon in his June 4, 1971, message to the Congress on

Clean Energy emphasized the need for a greatly expanded effort on sulfur

oxide control technology. Federal funding is being directed to demonstrate

various techniques during the next several years. The Environmental Pro-

tection Agency has issued regulations restricting use of high-sulfur coals

effective January 1, 1975.

Comparison with mining in Appalachia

In 1973 about 65 percent of all coal mined in the United States came

from Appalachian coal fields. In past years most of the low-sulfur (less

than 1 percent sulfur by weight) coal produced in the United States came

from Appalachia despite the fact that Appalachia contains only 18 percent

of the coal resources of the country. Presently identified recoverable

reserves in Appalachia are about 22 billion tons of coal of which about 5
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billion tons are available strippable reserves and 17 billion tons avail-

able chiefly by underground mining methods. About 12 billion tons are

low-sulfur coal of which about 1.9 billion tons are strippable.

Coal in Appalachia is mostly bituminous in rank which yields about

11,500 Btu per pound. About 0.748 tons of Appalachian coal will yield

the energy equivalent of one ton of coal from the Powder River Basin

(assuming 8,600 Btu per pound for subbituminous coal). Large tonnages

of coal from both Appalachia and the Eastern Powder River Basin will meet

the EPA standards for sulfur emissions from stack gases at electric power

generating plants. Almost all low-sulfur bituminous coal in Appalachia

has coking characteristics and is valuable for its metallurgical uses,

particularly in the manufacture of steel. Some medium- and high-sulfur

coal of Appalachia can be cleaned and blended with the low-sulfur coal to

produce metallurgical coke also. Nearly half of the low-sulfur coal

presently mined in Appalachia is used to produce metallurgical coke; the

other half is used mainly by electric utilities and by industry and

retail dealers. About 40 to 50 million tons of metallurgical quality low-

sulfur coal produced in Appalachia is exported from the U.S. yearly.

Low-sulfur coal that is transported to the Midwest and South from Appalachia,

of which about half is used to produce coke and half to produce electricity,

amounts to only 26 percent of the total Appalachian production. Subbitum-

inous coal from the Powder River Basin is not of coking quality and has no

value as metallurgical coal. Future unlimited use of Appalachian metallur-

gical quality coal for power generation instead of Eastern Powder River

Basin coal would be considered a misuse of a valuable resource.

All producing mines and mines now being dev~loped both in Appalachia

and in the Eastern Powder River Basin have a ready market for low-sulfur coal
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because of the high demand for such coal (to be used in newly constructed

power plants and older plants converting from use of higher sulfur coal or

other fuels) in order to relieve the energy crisis, clear up the environment,

and make the Nation energy self-sufficient. Increased export of coal,

especially metallurgical coal from Appalachia, has been suggested as a means

to help balance payments of trade deficits.

The impacts on the coal-based economy of Appalachia (including the

coal-transporting railroads) should be slight if coal of the Eastern Powder

River Basin is mined and transported to power plants in the Midwest and South.

Only marginal mines without proper coal preparation facilities may lose markets

to the competing western coal; however, even this may be compensated by the

anticipated increased demand for low-sulfur coal from both east and west.

When compared to coal production from surface mines in the Eastern

Powder River Basin, coal production in Appalachia has the marketable advan-

tages of coal with higher heat value, nearness to markets, less costly trans-

portation, and an established industry with distribution facilities.

Conversely, Appalachian coal is more expensive to mine and has less flexibility

to production schedules because it must be mined by underground methods or in

limited strip mine and auger areas in mountainous terrain. In areas where the

markets for western and eastern coal may overlap, the deciding factor on which

contracts are signed might well be the quarantee of delivery of coal, which

would be more easily satisfied by immediate increased production by the western

producer.

The coal industry and the related economy of Appalachia may undergo a

boom if it must supply the low-sulfur coal in lieu of production from the Powder

River Basin. Appalachia presently produces about 390 million tons of coal
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per year. An additional 100 million tons per year production by 1987 (equiva-

lent to 134 million tons of coal from the Powder River Basin) as the alternative

fuel source would transfer the environmental impacts of mining coal from

Wyoming to Appalachia. Part of the Appalachian production will necessarily

have to shift to low-sulfur coal to replace the present production of medium-

and high-sulfur coal that cannot be cleaned to meet EPA standards for sulfur

emissions at power plants. Much of the Appalachian coal which might be pro-

duced would have to come from underground mines where coal production efficien-

cies are less than surface mines, the costs of mining are higher, and dangers of

mining are greater. Production from existing underground mines would have to

be expanded immediately, if possible, to meet the demand, for development of

new underground mines would require as much as five years. Even if the

immediate demand were met by strip mining, the impact would be magnified to

some extent because Appalachian coalbeds are on the order of 15 feet thick

or less, thus demanding that about 4.5 times as large an area be stripped or

mined underground for an equivalent tonnage of coal.

Coal transporting railroads will be hard pressed to increase traffic

on existing lines in Appalachia and to obtain rights-of-way to build new

lines to distribute the increased coal production. Secondary impacts at

power plants would be increased if coal, with unacceptable sulfur content,

is allowed to be produced in Appalachia to meet the increased demand rather

than to develop the Eastern Powder River Basin coal.
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Nuclear Power

Technological processes

One of the most important advances in the electric power

industry in the past few decades has been the development of nuclear

energy for power generation. Nuclear reactors are of two types:

"thermal" and "fast". Thermal reactors, including the light-water

reactors, employ moderating materials to slow the neutrons before most

fissioning occurs; in fast reactors, fission is produced by neutrons

of much higher energy levelR. The fast reactor offers the possibility

of using a much greater part (estimated 60 percent) of the potential

energy in uranium ores.

The nuclear system common in the U.S. is fueled by uranium

dioxide, moderated and cooled by light water; this system produces

most of the electric power generated by nuclear fuels in the U.S.

today. It is expected to dominate nuclear power generation during

most of the next decade. The heat energy created by nuclear fission

in this system is removed by the circulation of water through the

fuel core. As the water circulates, it is transformed into steam

which turns turbine generators. The water thus functions as a coolant

to transport the heat released during fission and as a propellent for

the turbines. In addition, light water is used as a moderator to

slow down the fast neutrons produced by fission. Fuel consists of

slightly enriched uranium dioxide pellets encased in tubing of a

zirconium alloy. The fuel rods are assembled into bundles. Control

rods are strategically placed in the fuel to regulate the rate of the

nuclear reaction.
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Specific operations in the light-water reactor fuel cycle

include the following:

1) Mining uranium are.

2) Processing the are to produce uranium concentrates.

3) Production of uranium hexafluoride from uranium con-

centrates to provide feed for isotopic enrichment.

4) Isotopic enrichment of uranium hexafluoride to the

level required using the gaseous diffusion process.

5) Fabrication of nuclear-reactor fuel including con-

verting uranium hexafluoride to uranium dioxide,

pelletizing, encapsulating in rods, and assembling

fuel elements.

6) Production of power from the reactor.

7) Reprocessing irradiated fuel to recover plutonium,

produced and unburned uranium, and converting the

uranium to uranium hexafluoride for recycling through

the gaseous diffusion plant and reenrichment.

8) Radioactive waste management of high-level and other

wastes, including long-term storage of wastes.

9) Transportation of materials to and from places where

each of the above operations takes place.

Resource base

The Atomic Energy Commission maintains two types of estimates

of uranium resources. The first of these is for "reserves", which is

uranium in known deposits that can be economically and technologically

produced. The second estimate is for "potential resources", which is
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additional uranium that may exist in unexplored extensions of known

deposits or in undiscovered deposits within or near known uranium areas.

These estimates do not represent the total uranium resources of the

U.S. because other uranium areas undoubtedly exist and will be dis-

covered in the future. However, discovery of new deposits outside

known mining areas may be difficult and expensive. Each resource cate-

gory is also qualified by cost. Estimates at lower costs are more

precise because they are based on better data from industry exploration,

which has focused on lower-cost reserves.

Reserves of U308 producible at $8 a pound are 178,000 tons,

about 50 percent of which is found in New Mexico, 35 percent in Wyoming,

5 percent in Texas, 3 percent in Colorado, and 3 percent in Utah. The

remainder is scattered throughout the rest of the western U.S. As of

the beginning of 1972, the AEC estimated that reserves of U308 pro-

ducible at $10 a pound in conventional deposits in the western U.S.

(including 178,000 tons of $8 per pound U308 reserves) were 337,000

tons. Potential resources of U308 in the western U.S. were an additional

450,000 tons producible at $8 and 700,000 tons producible at $10. In 1972,

approximately 42 percent of U308 production came from New Mexico, 33 percent

from Wyoming, 7 percent from Colorado, and 6 percent from Utah.

Economic considerations

Adequacy of uranium reserves depends on the resource base

and time-frame being considered. A large gap between long-term uranium

requirements and resources is apparent if resources are confined to the
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U308 reserves producible at $8 per pound. This gap narrows progress-

ively with the inclusion of $8 per pound potential resources, $10 per

pound reserves, $10 per pound potential resources, and so on. If

short-term demand is considered, reserves producible at $8 per pound

are about equal to the next 10- to ll-year requirements.

Uranium at costs of $15 per pound may be economically com-

petitive in water reactors in the future. The uranium content of

$15 resources ranges from 0.10 to 0.12 percent U308 compared to 0.20 to

0.22 percent for $8 resources. Therefore, almost twice as much ore

must be mined and processed to produce an equivalent amount of uranium.

Mining and milling capacity would have to be doubled to maintain existing

U308 production levels.

Capital costs of nuclear power plants have increased in the

past few years. The AEC has developed a method to estimate costs for

a specific power plant on the basis of a reference case cost (Olds 1973).

A detailed cost model is selected and modified using data input for the

specific project. The model case may be broken down into more than one

hundred cost accounts, each of which can be adjusted separately. Using

this procedure the following estimates were developed for the base

capital cost of a 1000-megawatt (MW) pressurized water reactor reaching

commercial operation in 1980.
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Table 15

Capital Costs of a Nuclear Generating Station
Cost

Category in millions of dollars

Structures and site facilities 38

Reactor/boiler plant equipment 59

Turbine plant equipment 68

Electric plant equipment 16

Miscellaneous plant equipment 5

Total Direct Cost 187

Contingency allowance 12

Spare parts allowance 1

Indirect costs 49

Total Mid-1972 Cost 249

Escalation to start of construction

Total at Start of Construction 249

Interest during construction 63

Escalation during construction 99

Total at Commercial Operation 411

Allowance for cooling towers 20

Allowance for near-zero radwaste system 4

Allowance for S02 removal system

Total cost at Commercial Operations in 1980 435

Escalation rates are 5 percent per year for equipment and materials
and 10 percent per year for site labor.

Source: F.C. olds, ed "Capital Cost Calculations per Future Power Plants",
compiled from AEC source material and summarized in Power Engineering (1973).
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Installed nuclear capacity is currently 17,000 l~. The AEC

anticipates that capacity will increase to 52,000-57,000 MW by 1975,

127,000-144,000 l~ by 1980, and 256,000-332,000 MW by 1985.

Environmental impact

Impacts on air quality

Nuclear power plants, unlike fossil fuel plants, do not emit

the usual products of combustion such as particulates, sulfur oxides,

and nitrogen oxides. However, they do produce radioactive emissions

which must be strictly limited to avoid adverse health affects.

In the normal operation of nuclear generating units, small

amounts of radionuclides are discharged in the cooling water and gaseous

effluents. Present standards limit the release of radio-activity so

that the average additional annual dose is three to four orders of

magnitude less than the average annual level of natural radiation

exposure. Thus, the effects of the amounts released are likely to be

negligible.

Impact on water quality

The operation of light-water reactor plants generates considerable

amounts of waste heat due to low thermal efficiency (about 33 percent

compared to 40 percent for new coal-fired thermal plants). A light-

water reactor releases approximately 50 percent more waste heat into its

cooling water than a fossil-fuel plant of similar capacity (Resources for

the Future 1971, p. 19.). The effects of waste heat depend on many

factors including the cooling method ~sed and the location of the plant.
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Assuming a 150 to 200F temperature rise in the cooling water~

a "once through" direct discharge of cooling water requires 250 to

360 billion gallons of water per year for l~OOO-MW plant. The effects

of such discharge depend on the size of the body of water into which the

heated water is discharged. The intake of large amounts of water from

streams can have seriously disruptive effects on their flow regimes.

In smaller lakes and rivers or in bays with limited circula-

tion~ the discharge of heated water may result in fish kills~ interfere

with reproduction of aquatic biota~ disrupt food chains~ decrease

dissolved oxygen content~ displace desirable aquatic species~ and

encourage growth of undesirable algae~ which may accelerate eutrophi-

cation. However~ at some places the heated water can be used for

aquaculture and other beneficial uses. Cooling ponds and cooling towers

produce haze~ fog~ cloud and ice formation during periods of subfreezing

temperatures.

Impact on land

Uranium mining is now concentrated in relatively isolated

semidesert areas distant from large population centers. In 1972~ 40

percent of the uranium production came from underground mines; most of

the remainder was from open pit mines. Surface mining disturbs a few

hundred acres for each mine and reduces the suitability of the area

for grazing~ wildlife~ and some types of outdoor recreation. Under-

ground mining requires accumulation of waste rock in dump areas but

causes less surface disturbance than open pit mining. For either
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type of mining, careful planning for post-mining land use, including

environmentally acceptable reclamation, can substantially reduce land-use

problems.

Because of the low concentration of U308 in uranium ore and

the difficulty of complete extraction of uranium in milling, tailings

are radioactive at a low level and must be stored above ground or

replaced at the mine. Radioactive tailings are potentially dangerous

if used for fill material under buildings or other structures where

people live or work. Tailings stored above-ground can be covered with

gravel or dirt to minimize erosion and leaching. Other use of storage

areas should be restricted or prohibited for many years.

Under current siting criteria, nuclear plants are isolated

from population centers. The construction of three 1,000-1~ units per

site for 3,000 MW of nuclear capacity requires about 500 acres from which

most other uses are excluded. If the plant recirculates cooling water,

an additional acreage estimated at 1,000 to 2,000 acres per 1,000-11.W

unit is required for water storage.

Transmission-line rights-of-way require the use of ten to

fifteen acres per mile of line. Land adjacent to transmission lines

may be available for other purposes, such as recreation~ Although

transmission lines disrupt scenic vistas at many places, they are

required whether the electricity is produced by nuclear, hydropower,

or fossil fuel plants.
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Control of radioactive emissions

Risk of accidents

In the operation of nuclear plants, there is some risk of

accidents; however, the plants are designed to minimize accidents by

utilizing a "defense-in-depth" principle. Reactors are built in remote

areas and designed to confine their effects to the vicinity of the plants.

All nuclear plants are designed to withstand the worst malfunction for

which corrective action can be planned. For light-water reactors, the

worst accident is a major rupture in the primary cooling system. The

maximum radiation dose that could be received at the site boundary, if

such an accident were to occur, is estimated for most plants not to

exceed the annual dose obtained from natural radioactivity.

Transportation

The nuclear fuel cycle requires the transportation of radio-

active materials by truck or rail at several stages. Transportation of

spent fuel elements from reactors to processing plants to storage sites

poses potential hazards. Transportation regulations and cask designs

have been developed to insure that transportation accidents will not

release radioactivity to the environment.

Fuel reprocessing

Spent fuel assemblies from reactors are practically cooled

and then transported to reprocessing plants where useable nuclear fuel mater-

ials are recovered and radioactive wastes are separated. In 1973 there were

two operating fuel reprocessing plants, and one is under construction.

Each reprocessing plant can serve 30 to 50 nuclear plants. Radioactive
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emissions during fuel reprocessing are greater than those occurring during

normal power generation, but the estimated maximum dose is two orders

of magnitude below natural levels. Hence, the impact of emissions is

not considered dangerous, even though the cumulatjve effects of such low

level radioactivity are not yet fully evaluated.

Radioactive waste storage

High-level radioactive wastes remaining after reprocessing

are concentrated and stored in solution for five years, then solidified,

sealed in containers, and put into long-term storage. A nuclear plant

with a capacity of 1,000 ~~ produces from 8,000 to 10,500 gallons of

high-level waste per year and ultimately reauires a storage capacity of

40,000 to 54,000 gallons. The liquid waste, vlhen evaporated, yields

80 to 105 cubic feet per year of solid waste. These waste materials

have a high concentration of radioactive nuclides with very slow rates

of decay and must be isolated from the biosphere for hundreds to thousands

of years if adverse effects to living organisms are to be totally avoided.

Such waste is presently being stored in artificial underground facilities.

Research is being conducted to find a permanent (several hundred years)

storage repositor. As part of this research, pilot studies of storage

in salt beds are being conducted.

Relationship of alternative to mining coal in the Eastern Powder River
Coal Basin

The development of additional nuclear electrical generating

capacity to replace the existing and planned coal-burning plants and
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their fuel source, the Eastern Powder River Coal Basin of Wyoming,

is a long-range alternative. Such additional nuclear capacity does not

exist in the area served by these plants. The leadtime for the construction

of such additional capacity from project inception to on-line generation

approaches a decade and, therefore, is not an alternative to extracting

federally-owned coal from the Eastern Powder River Coal Basin of Wyoming.
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Geothermal Energy

The earth has a vast amount of internally generated and stored

heat that is a potential energy resource. Power from this source probably will

augment power from conventional sources increasingly in the future. Geothermal

resources known to be easily exploitable for electric power in the u.s. at

present occur in one area, the Geysers, California, where development of

1,000 MW of generating capacity is reasonably assured, and perhaps a total of

2,000-MW capacity may be developed ultimately. In 1973 operations at the

Geysers had 298-MW generating capacity, or about 8.9 trillion Btu per year.

In comparison, the projected Eastern Powder River Coal Basin production of

8 to 150 million tons per year will provide fuel for generating plants having

a capacity far greater than the Geysers geothermal operation in 1973. Thus,

geothermal power from the Geysers is not a viable alternative to the Powder

River coal.

Geothermal energy is produced from wells in the form of steam. The

heat energy in the steam must be used or converted to other forms of energy

at the production site because heat lost from steam lines becomes substantial

at distances greater than about one mile from the wellhead. Present geothermal

steam-electric power plants are small (IOO-MW capacity or less), derive their

energy from nearby steam wells, and are connected by high voltage transmission

lines with other plants one to two miles away. Normally each plant is served

by about 10 producing wells having a spacing of one well per 12 to 40 acres.

At the Geysers, the Pacific Gas and Electric Company has settled on two 55-MW

turbine generating units housed together as the optimum size for each plant in

its grid (Barton 1971, pp. 23-27).

Because of technical and economic constraints, geothermal energy

probably will not constitute a source of energy sufficient to meet the national
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demand in the period 1974 to 1985. If energy sources can be found in

favorable locations, geothermal energy may be important in several areas of the

Western States; however, it probably will be insignificant as a factor in

national power capacity (less than 1 percent of the total) through the

year 2000 (U.S. Department of Interior 1972, p.57).

Land use patterns in the vicinity of geothermal developments would

be changed by the construction of roads, wells, pipelines, powerlines, power

plants, and support facilities needed for industrial development. Land having

value for agriculture, forestry, grazing, fish and wildlife habitat, recreation,

or water supply might be disturbed in varying degrees. The Geothermal Steam

Act of 1970 considers these possibilities by excluding certain public and

acquired lands from the geothermal leasing program to protect their special

values or unique characteristics. In addition to restricting certain areas

from geothermal leasing, Section 3200.0-6(b) of the leasing regulations

requires that developments on adjacent lands, both public and private, must be

evaluated prior to geothermal leasing to consider the impact of geothermal

development.

Development of a large geothermal field could continue for many

years as wells and power-generating units are added. Maintenance procedures,

production testing, and presence of above-ground pipe systems present the most

severe continuing impacts to the environment.

Most of the potential adverse environmental effects during the develop-

ment phases of a geothermal field would be magnified during full-scale operation.

The potential for environmental damage would increase with the addition of

each new well. Some adverse environmental effects would be unavoidable, such

as air and water pollution from accidental releases and noise incidental to
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producing high-pressure steam. Others which could be modified would include

destruction of wildlife habitat and restriction of surface use of land in

the vicinity of the geothermal installation. Pipelines connecting as many

as ten wells to a single power plant might form a network that could severely

limit access to the steam field. The principal objection to geothermal power

development stems from the intrusion of industrial development into new areas.

Without planned mitigations, nearby residents and outdoorsmen generally would

find the noise, odor, and disturbance of terrain and vistas objectionable.

Exploratory drilling and testing of geothermal steam resources could

affect wildlife and fish. Most impacts would occur on or adjacent to well

sites. The magnitude of particular impacts would depend on the size of develop-

ment, the duration of development activities, and the effectiveness of control

measures.

Blowouts, in which steam, water, and gases could escape uncontrolled,

pose a potentially serious environmental hazard in geothermal drilling. Although

seismic activity and subsidence increase the potential for blowouts, all

failures of equipment to date have been caused by earth slides and improper

design. The principal adverse environmental effects of accidental releases

would be danger to operating personnel, noise nuisance, and contamination of the

air and ground water by gaseous emissions such as hydrogen sulfide and ammonia.

Blowouts might be difficult to control because of the risks in handling hot

liquids and gases; however, unlike blowouts of oil or gas wells, geothermal

accidents would be virtually free of fire hazard. To minimize blowout hazards,

proper casing design would be required to assure that the pressurized fluid would

be controlled at the wellhead by shut-off valves or other safety devices.
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~fuere fresh-water aquifers occur above a geothermal reservoir that

contains hot saline water, tapping a geothermal reservoir could result in

contamination of the fresh water unless the aquifers were kept isolated from

one another and from the reservoir by proper installat~on of well casing.

The ground surface over and around a geothermal field could subside
,

during or after withdrawal of large volumes of fluid frbm the reservoir.

Subsidence resulting from withdrawal of fluids (oil, gas, water from artesian

aquifers) has been documented in many areas (Poland and Davis 1969). Subsi-

dence could be prevented or checked by returning fluid to \he reservoir.

One favorable environmental impact of electrical transmission lines

would be improved fire protection resulting from clearing of the rights-of-

way. The principal adverse impact would be aesthetic, due to the intrusion

of powerlines and towers on vistas. Disturbance of the terrain would be minimal

except for the clearing of trees and brush, although changes in vegetation cover

caused by cutting of rights-of-way through forests could alter the feeding and

migration habits of certain wildlife species, and erosion might be increased

locally.

Geothermal waste fluids normally would be highly mineralized. ~finerals

causing the biggest problems would be silica, carbonate minerals, sulfate min-

erals, and salts of chloride and fluoride. Discharging mineralized fluids into

streams and lakes would be generally unacceptable. Discharges to the ocean

would likely be unacceptable if the local TIlineraland thermal loads increased

as a result. Disposal to useable underground water likewise would generally be

unacceptable. These problems could be solved in most areas by reinjection of

waste fluids into the producing zone. This has the additional advantage of

maintaining pressure in the geothermal reservoir. Alternatively, the wastes

could be evaporated and minerals of economic value recovered.
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Disposal of gaseous wastes would pose a problem. At some places,

stearn from cooling towers could produce fog. Certain objectionable gases,

particularly hydrogen sulfide and ammonia, could be removed from power plant

stearn before release.
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Hydroelectric Power

The potential hydroelectric capacity of the United States is limited.

the capacity yet to be developed in the conterminous 48 states, approxi-
.tely one-third is likely to be developed by 1990 under existing programs.

lture hydroelectric sites probably will be developed in conjunction with
ossil or synthetic fuel or nuclear base-load plants to supply supplemental

,ower for area load peaking requirements.
The generating potential of any hydroelectric site is a function of

stream discharge and the height of fall. The better hydroelectric sites are

concentrated in regions having heavy precipitation and large topographic re-
lief. The following table shows the extent of U. S. potential and developed

water-power capacity as of January 1971.

Table 16

U. S. Potential and Developed Hydroelectric Power Capacity
(In thousands of megawatts; statistics as of January 1971)

Geographic Potential
region power

New England 4.8

Middle Atlantic 8.7
East North Central 2.5
West North Central 7.1
South Atlantic 14.8
East South Central 9.0
West South Central 5.2
Mountain 32.9
Pacific 62.2
Alaska 32.6
Hawaii 0.1

Total 179.9

Percent of
total
2.7

4.8
1.4
3.9
8.2
5.0
2.9

18.3
34.6
18.1

0.1
100.0

Developed
capacity

1.5

4.2
0.9
2.7
5.3
5.2
1.9
6.2

23.9
0.1

51.9

Percent
developed

31.3

48.3
36.0
38.0
35.8
57.8
36.5
18.8
38.4

0.3

28.8
Source: Federal Power Commission, National Power Survey Report, (December

1971) Part 1, 145 Chapter 9.
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The potential hydroelectric capacity of the United States is

l79,9001'1H (megawatt) of which 28.8 percent or 51,900 HW have been developed,

leaving approximately 130,000 1'1Hto be developed. About 32,600 1'rnof undevel-

oped capacity is in Alaska. The economic feasibility of large hydroelectric

projects in Alaska is doubtful because of the sparse population and remoteness

from population centers. Of the approximately 100,000 HW of undeveloped capa-

city in the conterminous 48 states, 65,000 1'rnare concentrated in the Hountain

and Pacific regions. About 35,000 HW of capacity could be developed in the

remainder of the conterminous United States.

The Federal Power Commission (1971) estimates future electric

generating capacity as follows:

Table 17

Estimated Future Electric Generating Capacity

1980

Total gener- Total hydroelec-
ating capacity, tric capacity, Hydroelectric,

megawatts megawatts percent of total

340,058 51,641 15.2

665,000 68,000 10.2

1,260,000 82,000 6.5

Year

1970

1990

Source: Federal Power Commission, 1971. The 1970 National Power Survey,
Part I.

Thus, it is estimated that by 1990 development of approximately one-half of

the nation's total hydropower potential will comprise only 6.5 percent of

total electric generating capacity.
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Few darns are built solely for hydroelectric power generation. Irri-

gation, navigation, municipal and industrial needs for water, and flood control

are the dominant considerations.

Potential environmental impacts

Hydroelectric pO~ler does not produce air pollution, radioactivity,

waste heat, or water pollution, although the oxygen content of water in

storage reservoirs might be lowered compared to the oxygen content of the

intake streams. Impacts on land and water resources tend to be limited to

the vicinity of the power generation site. Darns used for hydroelectric

generating generally are used also for irrigation and flood control and the

lakes commonly provide water and water-related recreational opportunities.

A hydroelectric darn represents an irretrievable commitment of the

land resources beneath the dam and lake. Agricultural uses, minerals, wild-

life habitat, river recreation, historical and archaeological resources, timber

areas, and others are lost. Alteration of river gradients may lead to silting

behind a darn, which progressively reduces reservoir capacity and its effective

use and, finally, after many years results in filling the lake. Surges in

downstream flow from power plant discharges can scour river banks and bottoms.

Wildlife and fish habitat may be adversely impacted. The reproduc-

tive habitats of anadromous fish may be severely altered by darn construction

unless provision is made for fish ladders or other devices to provide safe

passage for fish. Turbulent flow below darns increases mixing of air with

water and augments the amount of nitrogen in the water, which may lead to

nitrogen narcosis in fish.
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Special problems - Alaskan hydroelectric power

A particular disadvantage of the Alaskan hydroelectric alternative

would be the necessity of constructing transmission lines to carry surplus

power from Alaska to the conterminous United States. The distance would range

from 1,500 to 2,000 miles between the hydroelectric sites and the United States-

Canadian border. Such distances preclude the use of alternating current trans-

mission lines because of power losses, other technical problems, and the poor

economics of transmitting alternating current long distances. Transmission of

direct current assumes adequate technical developments by the time such lines

would be required. Approximately 20 direct current lines rated at 1,000 kv

(kilovolt) would be required to transmit approximately 30,000 ~~ from Alaska

to the conterminous U. S.
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Tar Sands

If technology can be developed to permit economic oil recovery

from tar sand deposits, an estimated 17.7 to 27.6 billion barrels of oil from

deposits in Utah could conceivably support an industry capable of producing

as much as 500,000 barrels of oil per day for nearly 50 years. Deposits in

Utah constitute the bulk of the known tar sand resource in the United States.

Extraction techniques so far tested have been only marginally satisfactory,

hence oil production from tar sands is not considered a likely energy source

capable of serving as an alternative for the cola production from the Big

Sky Mine.

Resource potential

Tar sands, also known as oil-impregnated rock, bituminous sandstone,

and bituminous limestone, are distinguished from more conventional oil and gas

deposits by the high viscosity of the contained hydrocarbons. These hydro-

carbons are generally semi-solid to solid and not recoverable by ordinary

oil well production methods. Initiating and sustaining production requires

continuous addition of energy such as heat, fluid pressure, and mechanical

work by mining.

Tar sand deposits in the United States are numerous and some individ-

ual deposits are widespread. The most intensive effort that has been made to

evaluate the oil resource potential of tar sands in the United States resulted

in the description of 546 occurrences in 22 states (U.S. Bureau of tIines, 1956).

The lack of definitive information, however, resulted in only partial resource

estimates for seven states. The estimated recoverable reserves in these states,

in surface and near-surface petroleum-impregnated rocks, range between 2.5

and 5.5 billion barrels. Later refinements of data have been made in some
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areas and indicate that the total oil in place in the known deposits ranges

between 18.7 and 28.0 billion barrels. Most of the tar sand resource is in

five large deposits estimated to be about 30 billion barrels.

The largest known tar sand deposit in the world is at Athabasca

in Alberta, Canada. Estimates of the size of this deposit range from as little

as 85 billion barrels of economically recoverable oil (Schurr and Homan 1971)

to appreciably more than twice this amount. The National Petroleum Council

(1971) estimated that 174 billion barrels may be economically recoverable.

A strip mining and extraction technology for the commercial produc-

tion of oil has been developed to permit exploitation of the Athabasca tar

sand deposit. Increased production from this deposit can be expected over

the next few years as mining projects are approved and activated. The techno-

logy will have limited use for the tar sand deposits in the U. S. because none

of the domestic deposits can compare in area, in volume of resource, or in

thickness of overburden. The exploitation of U. S. tar sands will probably

require in-situ methods for which the technology is now lacking. The time

required to develop this technology and to develop a large tar-sand industry

will probably prevent any appreciable oil production from U. S. tar sands

until after 1985. Accordingly, production of oil from tar sands is not a

currently available and viable alternative to coal from the Eastern Powder

River Coal Basin.

Potential environmental impacts

The most severe environmental impact of tar sand extraction would

result where the deposits are strip mined because of the immense tonnages
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of overburden and oil-impregnated rock that would be moved and the large

surface areas that would be disturbed. At Athabasca about 3.3 tons of tar

sand and overburden are processed for each barrel of oil produced; the ratios

are about 2.4 tons of sand and 0.9 ton of overburden per barrel of oil,

depending on the bitumen content of the sand processed.

By comparison, in-situ recovery methods would not cause as severe

disturbance of the surface as strip mining but would have other impacts on

the environment. Regardless of the process used, the production of oil from

tar sand deposits could produce hydrocarbons and other pollutants that would

have to be removed from atmospheric emmissions to protect air quality. Air

quality could also be affected by dust from the strip mining, from restoration

activities, and from traffic on access and service roads during mining opera-

tions. Water supplies could be polluted from water draining from mine areas

and from leaching of spoil in dump and disposal areas. Impacts on existing

uses of the land would result, the principal effects being to reduce the area

available for livestock grazing.

Strip-mined land would be unavailable for other uses until restor-

ation. In-situ methods, which disturb comparatively little land area except

around extraction and control wells and surface production facilities, would

also affect land uses but to a lesser degree. Among the uses affected would

be human habitation, recreation, livestock grazing, agriculture, and wildlife

habitat, at least until oil production was completed and the facilities removed.

Other impacts would include noise associated with the operation of process

plants and equipment and population increases in areas of established plants

due to increased labor requirements.
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Oil shale

U.S. has abundant oil shale resourses that offer great potential to

supplement conventional supplies of oil and gas. These resources have not been

developed in the past because of availability of oil and gas from conventional

sources at lower development costs. However, present and projected energy

shortages have focused attention on the energy promised by oil shale.

Technological processes

The major options for oil shale development are: (1) mining followed

by surface processing of the oil shale and shale-oil and (2) in-situ (or in

place) processing.

Until recent years, virtually all efforts to develop oil shale

technology were directed toward mining, crushing, and above-ground retortings.

Oil shale processing in this manner would require the handling of large amounts

of materials. In certain locations, the oil shale deposits contain minerals

that may be amenable to recovery of additional by-products such as soda ash and

alumina.

Oil shale mining can be conducted either at the surface or underground.

The former, usually described as open-pit mining, involves removal and disposal

of the surface material, or overburden, followed by mining the underlying oil

shale in a quarry-like operation. The quantity of overburden significantly

affects the development time and economics. Current open-pit techniques and

existing large-scale equipment are expected to enable mine development at

relatively low costs although disposal-restoration costs will be greater than

similar costs for underground operations.

The room-and-pillar method has been extensively tested for underground

mining of oil shale. In this development plan the recovery rate would depend
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on the depth and local conditions. In general, about 60 percent of the shale

can be removed. The remainder is left as pillars for mine support and to pre-

vent surface subsidence. It is expected, however, that some mining operations

would provide substantially lower total extraction percentages. Room-and-

pillar mining is characterized by large rooms separated by the support pillars.

The height of the rooms would depend on the thickness of the formation and the

maximum height that would be practical for pillars. Access to the oil shale

to be mined can be gained from the surface either by a vertical shaft or a

horizontal adit or tunnel.

Crushing and conveying systems are technically and economically well

established and are regarded as necessary parts of any integrated processing

system. The selection of specific equipment is primarily based on the size of

the oil shale fragments needed for subsequent processing.

Literally thousands of retorting processes have been patented world-

wide for the production of oil from oil shale. Three processes that have been

tested on oil shales of the Green River formation using large experimental

equipment appear at this time to offer reasonable possibilities of technical and

economic success if scaled up to commercial design size. These retorting methods

include the gas-combustion process developed by the Bureau of Mines, the Oil

Shale Corporation (TaSCa) process, and the Union Oil Company process. In each

system heat is applied to raise the temperature of the oil shale to about

900 degrees F. at which point the solid organic material (kerogen) is converted

to a liquid. The equipment, method of heat application, and operating procedures

differ markedly for each system.

Oils from most retorting processes, with the possible exception of the

TaSCa process, will require upgrading before the oil can be transported through

pipelines to the final product refineries which are expected to be located
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outside of the oil shale region. Modern refinery processes are suitable for

subsequent upgrading. Each of the three retorts also produces a retort gas

that may be used within the plant as a fuel or, alternatively, to generate

supplemental electrical power for nearby communities.

Spent shale may be in the form of solid particles ranging from 10

inches in diameter to a fine powder, depending on the retorting method used.

The spent shale is dryas it leaves the retort but it is moistened at the

disposal pile in the process of recovering saline minerals. Disposal will

depend on the physical characteristics of the material, its water content, and

the location of the disposal area, whether surface or subsurface. The spent

shale may be returned to the mine as a slurry.

Various processes for recovery of the saline minerals associated

with the oil shales have been proposed.

The economical recovery of alumina, soda ash, and nahcolite (poten-

tially valuable for removal of sulphur oxides from stack gases) from the deep

oil shales has not yet been demonstrated on a large scale nor have the effects

of their recovery been tested by current markets for these chemicals.

An alternate mining and processing technique, called in-situ processing,

would involve the recovery of oil from the shale by heating underground, in place.

Presently proposed heat sources for the in-situ recovery include underground

combustion, hot natural gas, hot carbon dioxide, superheated steam, hot solvents,

and combinations of two or more of these. It is anticipated that conduits for

introducing heat underground would be provided by wells, mine shafts and tunnels,

fractures created by a variety of techniques including nuclear explosives, or by

a combination of these.

The essential steps of conventional in-situ based on contemporary

petroleum technology are (1) well drilling, (2) fracturing to permit heat
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transfer and movement of liquids and gases, (3) application of heat, and (4)

recovery of products.

Technology of in-situ processing has not advanced as far as mining-

aboveground technology. Experimental work has attempted to induce permeability

in order to permit heat transfer and passage of gases and liquids, to control

the process remotely with sufficient accuracy through wellbores from the surface,

and, if nuclear explosives are used, to control possible ground motion and

release of radioactivity.

Resource base

Oil shale deposits are found in many areas of the u.s. but many are

low grade, small, and inaccessible. The richest deposits occur in the Green

River formation in Colorado, Wyoming, and Utah in large topographic basins

that are identified by streams draining most of the land surface. These include

the Green River Basin and Washakie Basin in Wyoming, the Uinta Basin in Utah,

and the Piceance Creek Basin in Colorado. Oil shale of possible commercial

interest also occurs in Battlement and Grand Mesa in Colorado. These oil shales

are found beneath 25,000 square miles (16 million acres) of land, of which about

17,000 square miles (11 million acres) are believed to contain oil shale with

potential for commercial development. An estimated 73 percent of oil shale

lands, containing nearly 80 percent of the Green River formation resources, are

federally held.

The Green River formation contains known oil shales with about 600

billion barrels of equivalent oil in the higher grade deposits (averaging more

than 25 gallons per ton and a minimum of 10 feet in thickness). Lower grade

zones in the formation (averaging 15 to 25 gallons per ton) contain an additional

1,200 billion barrels.

\
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About 80 percent of the known higher grade resources are found in

Colorado, 15 percent in Utah, and 5 percent in Wyoming. This region is

sparsely settled and arid or semiarid.

The following table shows another set of estimates of u.s. oil shale

resources. The estimate of total identified resources for the Green River

formation, 1.8 billion barrels, is the same as above, but the breakdown between

high and lower grade resources differs. Of these 1.8 billion barrels, about

1.2 billion are found in the Piceance Creek Basin of Colorado and about 0.32

billion in the Uinta Basin. Of the high grade identified resources of 418

billion barrels, about 355 billion are found in the Piceance Creek Basin and

50 billion in the eastern part of the Uinta Basin.
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Oil Shale Resources

Deposit
Identified*

25-100 gal/ton 10-25 gal/ton
**Hypothetical

25-100 gal/ton 10-25 gall
ton

Green River For-
mation, Colorado
Utah, Wyoming 418 1,400 50 600

Chattanooga Shale
and equivalent
formations, cen-
tral and Eastern
United States 200 800

Marine Shale,
Alaska small small 250 200

Other Shale
deposits small NE''<** NE
*Identified resources refer to specific, identified mineral deposits that may

or may not be evaluated as to extent and grade and whose contained minerals
mayor may not be profitably recovered with existing technology and economic
conditions. This category is roughly equivalent to "average of 30 or more
gallons per ton."

**Hypothetical resources refer to undiscovered mineral deposits, whether of
recoverable, or sub economic grade, that are geologically predictable as
existing in known districts.

***Not estimated.

Source: U.S. Geological Survey.

The National Petroleum Council classifies resources based on commercial

attractiveness:

Classes 1 and 2. The most accessible and better defined of the deposits

at least 30 feet thick and averaging 30 gallons of oil per ton of shale. Class 1

averages 35 gallons per ton over a continuous interval of at least 30 feet.

Class 3. Deposits as rich as Classes 1 and 2 but more poorly defined

and not as favorably located.

Class 4. Low grade, poorly defined deposits.
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Oil Shale Resources of the Green River Formation

(Billion of Barrels)

Location Class 1 Class 2 Class 3 Class 4 Total

Piceance Basin -
Colorado 34 83 167 916 1,200

Uinta Basin -
Colorado & Utah 12 15 294 321

Wyoming 4 256 260

Total 34 95 186 1,466 1,781

Source: National Petroleum Council.

Economic considerations

Projections of capital investment, prices of shale oil, and rate of

development are dependent on each other and on assumptions concerning industry

and government policies, technology, and required rates of return. The National

Petroleum Council gives estimates of possible development under four set of

conditions. Case I represents the maximum feasible production under nonemer-

gency conditions and assumes shale oil prices adequate to encourage commercial

development. Limitations on rate of development include availability of opera-

ting personnel, environmental restrictions, lack of supporting commerce and

industry, and construction logistics. Cases II, III, and IV show slower rates

of investment due to lack of investment incentive or need for time to demon-

strate process feasibility.
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Production of Shale Oil (MB/D)

1975 1980 1985

Case I 0 150 750

Case II 0 100 400

Case IV 0 0 100

Source: National Petroleum Council

Price predictions are sensitive to the rate of return desired and

the shale assay. "Price" developed by the National Petroleum Council is

exclusive of transportation costs to refineries ($0.50 to $0.75 per barrel),

leasing costs, or bonus payments. These prices are based on invested capital

to build and equip two mines, two retort plants, and one upgrading plant to

produce 100 ME/day of shale oil.

Required Shale Oil "Prices"
(Dollars per barrel)

Discount Cash
Flow Rate of

Return (%)
30 gallons/ ton

oil shale
35 gallons/ ton

oil shale

10 4.32 4.47 3.97 4.09

15 5.58 5.79 5.10 5.29

20 7.03 7.29 6.45 6.72

The detailed assumptions used in developing these projections are

described in U.S. Energy Outlook. Prices will be influenced by royalty rates,

depreciation and depletion allowables, and investment tax credit provisions.

On June 29, 1971, the Secretary of the Interior announced plans for a

proposed prototype oil shale leasing program which would make available to
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private enterprise, for development under lease, a limited amount of public oil

shale resources. Such leases would be by competitive bonus bidding and would

include assumption of certain royalty obligations to the United States.

The following excerpt from the final Environmental Statement for this

program describes the rate of oil shale development that may be expected.

For purposes of the present discussion, it is assumed that

private lands would support no more than 400,000 barrels per day

and that the six prototype tracts would support a total of 250,000

barrels per day. The combined output from private and public

holdings would then reach 650,000 barrels daily by 1985. Addi-

tional public lands would be required to increase the production

rate above this level. Even if suitable lands are available, the

rate of development will be determined by the logistics of plant

construction and by manpower constraints. Under these constraints,

the Department of the Interior estimates the maximum 1985 production

to be one million barrels per day. Even at this rate of production,

only about 9 percent of the 80 billion barrels of prime commercial

interest would be produced by the year 2000. The ultimate size of

the oil shale industry will most likely not be determined by the

magnitude of the oil shale resource base but will probably be

limited by other factors such as the availability of water, for

example.

Environmental impact

Land quality. The development of an oil shale industry would require

roads, mines, plant sites, waste-disposal areas, utility and pipeline corridors,

and associated services during the productive life of a lease. These activities
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would change the existing pattern of land use, alter the existing topography,

and affect natural vegetative cover until revegetative operations began. Such

disturbances would unavoidably exist throughout the life of operations, but they

would be temporary in the sense that restoration of surfaces to original or

improved conditions would be required before site abandonment. The table

following this page shows the amount of land that would be required for a

100,000 bbl./day surface mining operation, a 50,000 bbl./day underground mine

operation, and a 50,000 bbl./day in-situ operation.

Processed shale could be returned to mined areas and deposited in

canyons and gullies which would gradually be converted into flatter areas.

Contouring and revegetation would restore scenic attractiveness and probably

reduce erosion.

Where areas to be developed are now used for livestock grazing,

agriculture, wildlife habitat, or recreation, some unavoidable loss in these

patterns of land use would result.

Impacts would be significant in local areas but slight for the region

as a whole because the percentage of the region's total surface area affected

by development (including urbanization) would be small. However, the semi-

remote character of the area would be modified and some local dislocations would

unavoidably occur.

Water quality. One of the greatest possible impacts would be the

requirement of large amounts of water for retort plants and the disposal of

waste water. Approximately 150,000 acre-feet annually would be required for

one million barrels per day of shale oil production.

In addition, as much as 10 gallons of water per ton of shale could be

produced in the surface retorts. This water could contain dissolved saline and

organic compounds. It could be used to moisten the waste shale to prevent dust
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Land Requirements for Oil Shale Processing

Function Land Required (Acres)

Mining and Waste Disposal:

Surface Mine* ** (100,000 bbl./day):
Mine development . . . . . . . . .
Permanent disposal, overburden . .
Temporary storage; low-grade shale
Permanent disposal; ~rocessed shale
Surface facilities** ... ..
Off-site requirements+ ..•...

30 to 85 per year
1,000 (total)
100 to 200 (total)
140 to 150 per year
200 (total)
180 to 600 (total)

Underground Mine** (50,000 bb1./day):
Mine development (Surface facilities)
Permanent disposal:

All processed shale on surface
60 percent return of processed shale

underground
Surface faci1ities***
Off-site requirements

10 (total)

70 to 75 per year

28 to 30 per year
140 (total)
180 to 225 (total)

In-situ Processing (50,000 bb1./day):

Surface Facilities*** .•. . .
Active Well Area and Restoration Area
Off-site Requirements . • . . .

50 (total)
110 to 900
180 to 600 (total)

*Area required is dependent upon the thickness of the overburden and oil
shale at the site. Acres shown are for a Piceance Creek Basin site, with
550 feet of overburden and 450 feet of 30 gallon/ton shale (approximately
900,000 bbl./acre).

**Assumes 30 gallons per ton oil shale and a disposal height of 250 feet.

***Faci1ities include shale crushing, storage and retorting (excluded for
in-situ processing), oil ungrading and storage, and related parking, office,
and shop facilities.

+Includes access roads, power and transmission facilities, water lines,
natural gas and oil pipelines; actual requirements depend on site location.
A 60-foot right-of-way for roads requires a surface area of about 8 acres
per mile. Utility and pipeline corridors 20 feet in width require 2.4 acres
per mile.
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Jroblems. However, it would require treatment prior to other uses to remove

hydrocarbons, malodorous compounds, and, perhaps, dissolved minerals.

Large quantities of natural ground water occur in leached zones of

the deep oil shale areas, but the location, composition, and movement of such

Naters have yet to be defined in many areas. These aquifers may contribute

substantially to the overall water supply available to satisfy requirements

for oil shale development. Other sources are the Colorado River and its

tributaries in Colorado. In Utah potential sources for development of oil

shale in the Uinta Basin are the Green, White and Yampa Rivers. In Wyoming the

;reen River is the principal surface water resource of the Green River Basin.

fo insure dependable supplies from these rivers might require construction of

iams and reservoirs or purchase of water from existing reservoirs.

Use of ground water in oil shale development could decrease the

~atural discharge of springs and seeps. This could result in adverse effects

In associated vegetation and any fish or wildlife dependent on that water

supply.

Degradation of water quality could occur from discharge of product or

Naste waters, siltation of streams, or leaching of saline minerals from spent

shale. It could be avoided in most cases by proper design, equipment, and

ldequate supervision and monitoring of operations. Leaching of spent shale would

~ot be expected to be a problem because properly emplaced waste sites will harden

through natural cementation.

In addition to these waters, there would possibly be a water slurry

Jroduced by a wet scrubbing process used to remove fine dust in gas streams.

fhe slurry from the wet scrubbing could be used to wet the spent shale.

Water would also be used in the cooling phase of the process, but the

lmount needed could be kept to a minimum by employing air cooling. Any "sour"
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water streams produced by accidental contact with oil in final water condenserE

would be treated by conventional oil refinery methods.

The nature of the foreseeable problems associated with water quality

would depend largely upon the mineral characteristics of the processed shale

and the method of disposal. The foreseeable problems, as outlined, are believE

controllable with present technology.

Air guality. Proper techniques already exist to adequately control

emissions, including particulates, sulfur oxides, and nitrogen oxides potentia:

present in various fuel gases and the dusts produced in mining and shale

disposal. It is expected that all applicable federal and state criteria on

acceptable air quality standards could be met. Residual concentrations of

sulfur oxide, on the basis of a 200,000 bbl./day output, would total 12 to 40

tons per day depending on the process and nitrogen oxides would total 17 to

23 tons per day. Solid particulates in gaseous discharges to the atmosphere

would be small but unavoidable at the present state of technology. New contro:

techniques now being developed for other industrial operations could be incor-

porated into this industry. Some local problems with temperature inversion ma~

be experienced, the significance of which cannot now be established. The long-

term effect of industrialization would result in a decline in general air qual:

of the region.

The local noise level near developed sites is expected to increase

due to mining, retorting, and other processing operations. This is an unavoid-

able adverse consequence of increased industrial activity in a region which is

presently predominantly a semi-wilderness and can be only partially mitigated

by noise abatement devices.
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Impact on fish and wildlife. Construction and operation would have

varying degrees of direct and indirect impacts upon fish and wildlife and their

habitat in the immediate vicinity of the plants and along roads, surface facil-

ities, and pipelines. Noise and associated human activities accompanying

construction and operation would have a new effect of stress and disturbance on

normal behavior and activity patterns of wildlife. Species which could be

affected by such disturbances include mountain lions, bear, elk, mule deer,

antelope, bob cats, sage grouse, blue grouse and migratory birds. Encroachment

of humans causes loss of habitat, and often adjacent areas cannot support the

displaced animals.

Air strips and increased air traffic would provide some source of

aerial harassment of mule deer, wild horses, and big game, the extent of which

would be dependent upon the number and location of air strips and the volume

of air traffic which would be involved.

Wildlife food and cover values of lands used for mining, pipeline and

road construction, building, etc., would be at least temporarily lost. Perman-

ence of such losses would be dependent upon the time required for and success of

reestablishing useful wildlife food and cover. Such habitat loss would in turn

result in lower populations of animals. For example, removal of critical winter

browse would result in a corresponding reduction in mule deer numbers.

Oil shale-related drying of surface water features, such as springs,

seeps, and small streams, would change the natural plant-animal complex

associated with each particular water feature, including the related distribu-

tion of game, wild horses and cattle.

Coverage of roadside vegetation with vehicle-caused dust would consti-

tute a minor but chronic problem since such vegetation would lose its wildlife

food value until washed off by subsequent rains.
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Unpredicted or uncontrollable changes in the quality of local surface

or ground water would result in accompanying impacts on aquatic fish and wild-

life populations and their habitat. In the event that sediment, leached

substances, saline ground waters, and/or toxic materials were released to

surface waters as a result of oil shale operations, adverse impacts would be

imparted to aquatic plant and animals. Unless carefully controlled, such dis-

charges would have adverse effects on aquatic habitat of the Colorado, Green,

and White Rivers and other exposed water areas. Adverse impacts would also be

expected in exposed aquatic habitat in the form of lowered biological produc-

tivity, physical covering of fish spawning, and nursery areas.

Handling, storage and transmission, including feeder pipelines, would

exhibit some small losses of oil. Spills would follow natural drainage features

and released oil would kill trees, shrubs, and other vegetation with which it

came into contact. Birds, some species of both land and water mammals, and

fish and other aquatic organisms would be adversely affected if they came in

contact with the oil.

Oil shale-related urbanization would also create stress on regional

wildlife populations. Reductions in surface water quality near population

centers as a result of sewage, toxic substances and siltation would adversely

affect aquatic organisms and their habitat. Some wildlife habitat would be

consumed by buildings, roads, parking lots, etc. Additional wind and water

erosion would occur. Increased ground vehicle traffic would result in more

frequent road kills of deer and other game.

Increased hunting pressure would cause localized adverse impacts upon

wildlife through reduction of populations of some species, including a few

already scarce species such as the brown bear and cougar. Increased harvest

of mule deer, elk, moose and antelope would require regulation in order to avoid
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undesirable downward population trends. Both development and associated

urbanization would aggravate conditions which cause some species to be classi-

fied as rare and endangered. Semi-remote hunting and fishing qualities would

be lost.

Increased economic growth resulting from oil shale development would

significantly alter existing social structures and institutions. The evolution

of an agricultural society to an industrialized one would be largely irrevers-

ible and might produce intermediate community instability. Existing life

styles with their emphasis on recreational activities and subsistance economic

patterns eventually would be replaced by an urbanized way of life.

Relationship of alternative to proposed
continued coal mining in the Eastern
Powder River Coal Basin of Wyoming

The oil shale industry in the U.S. is in the earliest stages of

development and is clearly not a viable alternative to the immediate needs of

the existing coal-burning electrical generating station presently being supplied

nor those planned to use coal from the Eastern Powder River Coal Basin of

Wyoming.
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Energy Conservation

The United States has the highest per capita consumption of energy

and the highest per capita income in the world. Energy has provided the foun-

dation for a continued rise in our material standard of living. Demand for

energy in the U. S. has increased at an average rate of 3.1 percent annually

for the last 20 years, more than twice the growth rate of the U.S. popu-

lation. Higher energy use per capita compounded by population growth has

produced unprecedented levels of energy consumption. As population growth

slows, increasing per capita demand will account for a larger and larger share

of the increasing total demand for energy. These trends are illustrated in

Table 18.
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Table 18

U. S. Total and Per Capita Net and Gross Energy Inputs

Gross energy Net energy Gross energy Net energy
input, input, input input

quadrillion quadrillion Population per capita, per capita
Year Btu Btu millions million Btu million Btu

1950 34.0 29.7 152.3 223.2 194.8

1955 39.7 34.3 165.9 239.3 206.7

1960 44.6 38.2 180.7 246.8 211.5

1965 53.3 45.3 194.2 274.4 232.1

1970 67.4 56.0 204.8 329.1 273 .6

1975 80.3 65.1 216.2 371. 4 301. 2 {

1980 96.0 76.1 229.4 418.5 330.8 {

1985 116.6 89.7 243.3 479.2 369.9

2000 191. 9 140.1 279.7 686.1 500.9

Source: U. S. Department of the Interior United States Energy Through the
Year 2000, by vI. G. Deupree and J. A. VJest (1972) .

In the past, energy growth has been little constrained by price or

by supply of resources. However, recognition that environmental costs should

be reflected in price of energy, concern over environmental quality, and

uncertainty of both immediate and long-term energy supplies have added urgency

to the study and realization of the importance of energy conservation.

Energy demand growth can be reduced by slowing population growth and

reducing per capita energy use. Potential reductions in population growth are

limited as reproduction appears to be approaching replacement level. The more

important factor in growth of energy demand has not been population growth but

higher energy use per capita. In a study of electricity demand, alternative
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population projections showed that "the population assumption is unimportant

for demand growth in the next 20 to 30 years" (Chapman, Tyrrel, and Mount

1972).

The most promising approach to reduction in demand is through lower

per capita use of energy. The rate of growth of per capita energy demand could

be reduced by (1) reducing the rate of growth of demand for the goods and

services produced with energy, (2) producing the demanded goods and services

more efficiently, and (3) converting energy to useful work more efficiently.

A study on energy conservation focuses particularly on short-term

and mid-term user conservation measures (Office of Emergency Preparedness

1972). The measures suggested could reduce energy consumption by 5.0 quadril-

lion Btu (QBtu) a year in 1975, 15.5 QBtu a year in 1980, and 33.4 QBtu a year

after 1980. These energy savings represent the maximum that could be achieved

if all the suggested measures were implemented. Because many of the suggestions

depend on voluntary cooperation, the estimates must be regarded as the upper

limit of savings.

The Office of Emergency Preparedness (OEP) found the greatest poten-

tial for energy conservation in (1) improved insulation in homes, (2) adoption

of more efficient air-conditioning systems, (3) shifting of intercity freight

from highway to rail, intercity passengers from air to ground travel, urban

passengers from automobiles to mass transit, and freight consolidation in

urban freight movement, and (4) introduction of more efficient industrial

processes and equipment.

The following outline of specific measures directed at the four major

consuming sectors--transportation, residential/commercial, industry, and

utilities--is quoted from the study. These measures could be implemented

through standards and regulations, tax incentives, and educational campaigns.
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Short-term measures (1972-1975)

Transportation

Conduct educational programs to stimulate public awareness of energy

conservation in the transportation sector; establish government energy effi-

ciency standards; improve airplane load factors; promote development of small

engines/vehicles; improve traffic flow; improve mass transit and intercity rail

and air transport; promote automobile energy-efficiency through low loss tires

and engine tuning.

Savings - 1.9 QBtu/yr. (10 percent)

Residential/commercial

Provide tax incentives and insured loans to encourage improved

insulation in homes, encourage use of more efficient appliances and adoption of

good conservation practices.

Savings - 0.2 QBtu/yr. (1 percent)

Industry

Increase energy price to encourage improvement of processes and

replacement of inefficient equipment; provide tax incentives to encourage

recycling and reusing of component materials.

Savings - 1.9-3.5 QBtu/yr. (6-11 percent)

Electric Utilities

Smooth out daily demand cycle by means of government regulation;

facilitate new construction, decrease electricity demand.

Savings - 1.0 QBtu/yr. (4 percent)
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Mid-term measures (1976-1980)

Transportation

Improve freight handling systems; support pilot implementation of most

promising alternatives to internal combustion engine; set tax on size and

power of autos; support improved truck engines; require energy-efficient

operating procedures for airplanes; provide subsidies and matching grants for

mass transit; ban autos within the inner city; provide subsidies for intercity

rail networks; decrease transportation demand through urban refurbishing

projects and long range urban/suburban planning.

Savings - 4.8 QBtu/yr. (21 percent)

Residential/commercial

Establish upgraded construction standards and tax incentives and

regulations to promote design and construction of energy-efficient dwellings

including the use of the "total energy concept" for multi-family dwellings;

provide tax incentives, R&D funds and regulations to promote energy efficient

appliances, central air conditioning, water heaters and lighting.

Savings - 5.1 QBtu/yr. (14 percent)

Industry

Establish energy use tax to provide incentive to upgrade processes

and replace inefficient equipment; promote research for more efficient tech-

nologies; provide tax incentives to encourage recycling and reusing component

materials.

Savings 4.5 - 6.4 QBtu/yr. (12-17 percent)
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Electric utilities

Restructure rates for heavy uses to smooth out demand cycle; facili-

tate new construction.

Savings - 1.1 QBtu/yr. (4 percent)

Long-term measures (beyond 1980)

Transportation

Provide R&D support for hybrid engines, nonpetroleum engines,

advanced traffic control systems, dual mode personal rapid transit, high speed

transit, new freight systems, and people movers; decrease demand through ra-

tioning and financial support for urban development and reconstruction.

Savings - 8 QBtu/yr. (25 percent)

Residential/commercial

Provide tax incentives and regulations to encourage demolition of

old buildings and construction of energy-efficient new buildings; R&D funding

to develop new energy sources (solar, wind power).

Savings - 15 QBtu/yr. (30 percent)

Industry

Establish energy use tax to provide incentive for ungrading processes

and replacing inefficient equipment; promote research in efficient technologies;

provide tax incentives to encourage recycling and reusing component materials.

Savings - 9-12 QBtu/yr. (15-20 percent)
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Electric utilities

Smooth out daily demand cycle through government regulation;

facilitate new construction; support R&D efforts.

Savings - 1.4 QBtu/yr. (3 percent)

The OEP estimates that by 1980 space heating and cooling requirements

could be reduced by 20 percent through improved insulation and a nationwide

education program to encourage conservation practices in the home. Thermal

insulation reduces the energy required for air conditioning, an important

factor in summer peak loads of utility systems. Different models of air

conditioners vary greatly in efficiency. The least efficient consumes 2.6

times as much electricity as the most efficient to provide the same cooling.

If more efficient air conditioners were used, the annual power consumption for

air conditioning in 1970 could have been reduced about 40 percent. The connec-

ted load would have also been decreased by 40 percent, or by 17,800 MW

(Hurst and Moyers 1972).

A revision of the Federal Housing Authority's Minimum Property

Standards (MPS) for single-family dwelling in 1971 established thermal design

criteria for qualification of residences for FHA-insured mortgages. However,

new homes constructed through conventional financing are not required to

follow these standards. The revised FHA-MPS do not distinguish between

electrically heated and combustion heated homes. A study of construction

practices found that appreciable energy savings and some monetary savings to

homeowners were possible through stricter insulation requirements. Wider

application of these standards and additional insulation beyond the MPS require-

ments would afford further energy savings.
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Substantial reductions are also possible in the transportation

sector. The transportation of people and goods comprised 24.5 percent of U. S.

energy consumption in 1970. Increases in transportation energy consumption are

due primarily to growth in levels of traffic and shifts to less efficient energy

modes. Table 19 shows energy requirements for transport of freight and

passengers. The efficiencies are typical of the mid-1960's.

Table 19

Energy Requirements for Transportation Modes

Freight
transport

Efficiency of Efficiency of
freight, Btu/per Passenger passenger, Btu/per

ton mile transport passenger-mile

450 Bicycle 200

540 Walking 300

680 Buses 1,200

2,300 Railroads 1,700

37,000 Automobile 4,500

Airplane 9,700

Pipeline

Waterway

Railroad

Truck

Airplane

Source: Oak Ridge National Laboratory 1971 Energy Consumption for Transpor-
tation in the United States, by Eric Hurst

The shift from railroads to truck and airplane in freight traffic

and from railroads and buses to airplanes has caused declining energy

efficiency. The trend is encouraged by preferential government policies

favoring air and highway transport. Low average car occupancy, use of cars

for short trips, and disregard for congestion problems increase fuel consump-

tion and pollution.
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Hurst and Moyers compared two transportation models, an actual and

a hypothetical case, to illustrate possible savings through use of energy-

efficient transport modes (Hurst and Moyers 1972). Comparison of the two

cases revealed that adoption of the hypothetical case would require 71 percent

as much energy as the actual 1970 case. Assumptions underlying the hypothe-

tical case include the following:

1) Half the freight traffic carried by conventional

methods (truck and air) is to be carried by rail.

2) Half the intercity passenger traffic carried by air

and one-third the traffic transported by car are to be

carried by bus and train.

3) All the urban automobile traffic is to be carried by

bus.

Socio-economic factors that might inhibit shifts to the energy-

efficient transport modes are ignored in the analysis. Such factors include

existing land-use patterns, capital costs, changes in energy efficiency within

a given mode, substitution among modes, new technologies, transportation

ownership patterns, and other institutional variables.

A comparison between the actual and hypothetical cases identifies the

principal components of energy-use patterns and emerging considerations that

may precipitate the shift toward increased energy efficiency in urban transpor-

tation. Variables influencing the current energy mix include personal prefer-

ences, private economics, convenience, speed, reliability, and government policy.

Current transportation patterns are altered by factors such as fuel scarcities,

rising energy prices, dependence on foreign petroleum, urban land-use problems,

and environmental considerations.
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The OEP study suggested that short-term measures could produce

a maximum ener~y savings in the transportation sector of 1.9 quadrillion

Btu per year by 1975, equal to 10 percent of transportation demand. Such

measures wou l.d include educational programs, establishment of fovernment

efficiency standards, improved airplane load factors, smaller engines and

vehicles, improved mass transit, and improved traffic flow. Public awareness

of energy conservation and alternatives would foster a clearer understanding

of the enerfY implications of decisions. A chanp:e in public attitudes

toward walking, bicycling, and mass transit might do much to reduce demanc for

energy. Reductions in fuel consumption accomplished by voluntary measures

during the oil crisis in late 1973 demonstrate changes in public attitudes.

Another sector of great potential for energy conservation cited

by the OEP study is industry. OEP projects that, with the exception of the

primary metals sector, industrial demand for energy under existing technology

could be reduced by 5 to 10 percent with sufficient economic incentives

(possibly price increases or an energy tax). Often less efficient equipment

is chosen because capital expenditure is recovered in a shorter time. Incen-

tives for selection of more efficient eouipment could counter higher capital

expenditures. Industrial energy demand can also be cut by recycling metals.

For nonferrous metals, the amount of energy reouired to recycle scrap metal

is less than 20 percent of that required to refine the metal originally,

although new low-energy primary metal extraction methods are in development.

The imbalance between supply and demand for energy can be narrowed

through the price mechanism. In the past, use of air, water, and land resources

has been virtually free. If a price were put on social costs reflecting
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depletion of resources and damage to the environment, energy patterns would

tend to shift in order to reduce demand and conserve natural resources. For

example, an electric rate schedule including higher charges for peak period

usage would encourage consumers to shift use to other times of day, resulting

in more efficient use of existing plants and less construction of new generat--

ing capacity to service peak demand. Tax credits and penalties could encourage

development of cleaner and more efficient technology. For example, an auto

tax would make it more expensive to drive a car and encourage use of mass

transit.

Response of energy demand to increases in prices of energy is

difficult to predict. In the short-term, gradually rising prices may have

negligible effects. The study cited previously in the discussion of population

growth concluded that substantial cost increases and reduction in population

growth will noticeably lower electricity demand growth in the 1980's and

1990's. Given the lengthy time period of response, growth reduction in the

1970's might be limited. The authors give the following preliminary estimates

of elasticity of electricity demand for electricity prices, income, population,

and gas prices (Table 20).
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Table 20

Summary of Electricity Demand Estimated Elasticities
for Electricity Prices, Income, Population and Gas Prices

Consumer Class
Factor Residential Commerical Industrial

Average electricity price -1. 3 -1. 5 -1. 7

Population + .9 +1. 0 +1.1

Income + .3 + .9 + .5

Average gas price + .15 + .15 + .15

Percent of response in
first year 10 11 11

Years for 50 percent of
total response 8 7 7

Source: Chapman, Duane, Tyrrel, Timothy, and Mount, Timothy, Electricity
Demand Growth-Implications for Research and Development, (June 1972).

The elasticities of demand represent the relationship of the percentage change

in electricity demand and the percentage change in the factor. For example,

the commercial elasticity for electricity prices of -1.5 means that a 20

percent rise in average commercial electricity price would in the long run

cause demand to be 30 percent less than it otherwise would have been.

The kind of public policies that would be required to reduce demand,

according to Michael ~1cCloskey, Executive Director of the Sierra Club, would

include the replacement of the market system to determine how much energy

shall be produced or imported and who shall consume energy, with a detailed

control on the production, importation, and use of energy in all sectors and

regions of the economy. In his evaluations relative to controlling energy

growth, McCloskey (1971, pp. 587-605) states:

1-840



"A short-run strategy would involve the following
changes in public policy: ending or reducing the
many biases in public policies which provide incen-
tives to energy growth; maintaining and strengthen-
ing environmental constraints on energy growth;
reducing energy demands by educating the public to
understand the importance of conservative use of
energy: encouraging intensified research and develop-
ment in order to achieve greater efficiencies in
energy utilization and in order to find new, more
environmentally acceptable energy sources and dis-
couraging growth in industries that are the most
profligate consumers of energy. Coordination of these
efforts would be facilitated through the establishment
of new government agencies, specifically geared to
respond to the energy problem. Each of these changes
would involve efforts that would go well beyond the
traditional bounds of energy policy, and all could
have profound economic and social impacts. Yet
changes are already beginning to occur in all these
fields, and environmentalists are determined to
promote them."

To coordinate energy programs and carry out the directives of

President Nixon's April 18, 1973, Energy Message, Secretary Morton of the

Department of the Interior created the Office of Energy Conservation,

the Office of Energy Data and Analysis, and the Office of Research and

Development. The Office of Energy Conservation will promote consumer

awareness of energy conservation, develop studies on measures to reduce

energy requirements, coordinate all federal agency programs relating to

energy conservation, and work to obtain federal, state, local, and industry

participation in energy-saving programs. In December 1973, the Federal

Energy Administration was created to centralize all policy planning and

to manage federal fuel allocation, conservation, and perhaps rationing.

This super-agency incorporated units of the Department of the Interior,

Cost of Living Council, and the Office of Management and Budget.
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Development of untapped energy sources and more efficient methods

of energy conversion offer long-range possibilities for conservation of

scarce nonrenewable resources. Long-term sources such as geothermal steam,

tar sands, hydrogen and solar energy, and conversion techniques such as the

fuel cell and magnetohydrodynamics are discussed elsewhere in this chapter.

The environmental benefits of energy conservation depend on the

energy mix that evolves. Reduced consumption of energy from one or several

sources may be balanced by increased consumption of energy from other sources.

Environmental impacts of each individual energy alternative are discussed in

the section on that alternative.
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Other Energy Sources

Other energy sources that might in the future be alternatives

to coal are not presently considered viable alternatives because production

technology is not developed, and time for development would be measured in

several years or tens of years. These include improved fuel-use efficiency,

tidal power, solar energy, biological conversion of wastes to oil, and the

use of liquid hydrof.en as a fuel.

The potential environmental impacts of these alternatives are

difficult to assess, particularly when research and development must be

done before operational-scale systems can be developed, tested, evaluated

and readied for production. No appreciable energy can be obtained from these

systems within a relevant time frame. The following sections briefly describe

the current and short-range status of each of these potential alternatives.

HagnetohydrodynalT'.ics

Magnetohydrodynamics (lnID) power generation is a technique for

generating electricity in which a hot ionized gas or liquid metal is passed

through a magnetic field. High-temperature one-stage conversion to electri-

city utilizing this technique has the potential of high overall efficiency.

The concept of }lliD generation has been known for more than 100 years, but

only during the past decade have technological advances produced systems that

offer promise for use in generating electric power. Three approaches to }lliD

power generation are being explored -- open-cycle, closed-cycle and liquid

metal systems.
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l'1HDopen-cycle generation, used as a "topping unit" in conjunction

with steam-turbine generation, appears to hold the most promise for ~rnD

central-station power generation in the near future. As technology develops,

overall system efficiency is expected to be in the range of 50 to 60 percent,

which would provide a fuel saving of 20 to 30 percent compared to conventional

fossil fuel steam-electric plants of the same capacity. Widespread use of

coal-fired ~'1HDtopping units by the mid-1980's would extend fossil fuel

reserves and enhance the use of coal for power generation. ~D generators

require little cooling water and combined t1HD-steam units would require consid-

erably less cooling water per megawatt of capacity than conventional fossil fuel

or nuclear steam-electric units. Before 11HD can be used in central power stations,

several difficult technological problems must be solved. Economically practical

systems have not been demonstrated for burning coal or coal-derived fuels in

lfrlDgenerators. Present desirns are for small-scale devices having short life-

times and lower efficiencies than would be required for utility operation.

Problems remain in developing high-temperature electrodes, super-conductivity

magnets, seed-recovery systems, and high-temperature erosion- and corrosion-

resistant metals.

The characteristically high temperature and gas-passage time in ~D

power generating devices tend to fix nitrogen; hence appreciable air-quality

problems may arise from emissions of nitrogen oxides.

llliDresearch presently is being conducted in the United Kingdom,

France, Germany, Japan, Poland, the Soviet Union, and the United States.

The Soviet Union appears to have made a strong commitment to the development

of ~D for commercial use. Soviet engineers express confidence that an

open-cycle ~D unit of appreciable power output will be operating in the 1970's
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but there is as yet no evidence of proven economic feasibility. A 75-MW

combination MHD-steam pilot plant (25-MW MHD and 50-MW steam) is being

constructed near Moscow. For the present, only the one 25-MW MHD unit is

planned for completion and operation. Japan appears to have made great

strides in achieving the high-field super-conductivity magnets necessary for

MHD.

Utility companies, manufacturers, research institutions, and the

U. S. Government have been actively involved in MHD investigations since

the 1950's. Research and development are needed in many problem areas before

MHD power systems can proceed to full-scale prototype.

Some advantages and disadvantages of MHD power generation compared

to conventional coal-fired steam systems, per unit of electrical energy

produced, can be summarized as follows:

Advantages Disadvantages

Fuel savings of as much as
30 percent

Possible increase in Nox
emissions

Saving in use of water

Reduction in thermal pollution
of water

Reduction in coal mining and
attendant environmental hazards

Possible lower total volume of
noxious emissions discharged
to the atmosphere

Fuel cells

Fuel cells are devices in which chemical energy is converted

continuously and directly to low-voltage direct-current electricity. The
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process is similar to that of a battery except that the fuel cell is an

open system requiring a continuous supply of reactants for the production

of electricity. Advantages over more conventional energy conversion systems

are quietness, low temperature of operation, low level of pollution, reliabil-

ity, and greater efficiencies (as much as 70 percent). A ton of coal in a

suitable fuel cell system would yield nearly 50 percent more electrical

energy than if burned in a conventional power plant.

Considerable research and development of fuel cells has been done

in the United States and Europe. Most research in the United States has

been directed towards specialized space and military applications, but

work has also been done on power production for industrial applications.

Near-term uses of fuel cells will be for storage cells that can be recharged

during periods of off-peak power demand for local reserve or emergency power;

cells for specific uses in homes, factories, or commercial establishments;

and cells to provide power for vehicles.

Because fuel cells presently require costly metal catalysts and

costly reforming and fuel purification, their potential uses in a mass market,

even for small power units, is remote. They will come into general use only

when efficient, reliable, and long-lasting units are developed capable of

using impure, low-cost fuels. Even then the fuel cell is not expected to

replace more conventional power generation from central stations.

Thermoelectric

When two dissimilar metals are joined in a loop and one of the

junctions is heated, an electric current flows in the loop. This thermoelectric
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phenomenon will doubtless receive continued attention for special low-power

application such as for control devices. Short operating lifetime, high

temperatures, and undesirable heat transfer from the hot to cold junctions,

which results in low efficiencies, will be major obstacles to producing large

quantities of electricity in applications such as generating electricity for

central power stations.

Thermionic generation

When a metal is heated sufficiently, its electrons acquire enough

energy to overcome retarding forces at the surface of the metal and escape or

"boil off." If the electrons are collected on another, cooler metal surface,

electrical energy can be generated by joining the two pieces of metal with an

external circuit. Thermionic generators, and devices such as these are

called, are a type of heat engine, and their efficiency theoretically is

limited to 35 to 40 percent. Test models have efficiencies that range from 5

to 25 percent. Commercial thermionic generation awaits development of mater-

ials that will withstand temperatures above 3,000oF and that will withstand

radiation damage in devices fueled with radioactive materials. Thermionic

development during the next decade will be concentrated in space-oriented

activities, principally nuclear-fueled systems for interplanetary expeditions

(Federal Power Commission 1970). Large-scale industrial thermionic gen-

eration is not likely within the next several decades. Hence, such conversion

systems do not represent an alternate energy source to coal in the near

future.
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Tidal energy

Tidal power is a potential hydroelectric energy source. The energy

is derived from the alternate filling and emptying of a bay or estuary. Two

places in the United States have potential for development (Bernshtein 1965).

The Bay of Fundy, Maine, has nine possible sites for darns and generators

including sites on the Canadian side of the bay. The potential power capacity

of these sites is approximately 20,000 MW, Turnagain Bay in Cook Inlet, Alaska,

has an estimated potential power capacity of 9,500 MW. The distance from popu-

lation centers makes development of Turnagain Bay doubtful. If the Bay of

Fundy capacity were developed, and half of the production went to Canada and

half to the United States, the total addition to U. S. capacity would be about

15,000 MW, or about 1.1 percent of the power needs projected for 1990.

Channeling the flow of water to and from bay and estuarine areas

could have adverse impacts on sport and commercial fisheries, recreation and

aesthetic values.

The major technological problem in converting tidal energy to

electricity would be the need to develop turbines able to operate economically

under low hydrostatic heads (U. S. Department of the Interior 1972c). The

overall impact of tidal power on the U.S. energy supply would be minimal and

it does not represent a significant alternative to coal.

Wind energy

Wind energy has been used for many years for local domestic uses

such as driving pumps or electric generators where other forms of energy

are unavailable. Wind forces vary unpredictably at many locations, thus

requiring large energy storage facilities for any sustained use of wind energy
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for power. It has been estimated that the ultimate energy potential of wind

in the U. S. at elevations within reach of aerogenerators located on towers

is 20 billion kw.

Wind is pollution free and, therefore, attractive as a source of

electrical energy. The primary adverse environmental effect would be the

damage to aesthetic values. Towers used to support wind turbines would

detract from scenic views and if concentrated in favorable areas would impede

free access.

Wind energy does not appear to be a viable alternative to tradi-

tional energy sources. Even with reasonable progress in equipment design,

favorable cost-benefit ratios are questionable because of the high equipment

costs for many small units and the unreliability of the power source.

Solar energy

The sun is a source of both heat and electromagnetic radiation.

Although the solar energy flux density is low (about 430 Btu per square foot

per hour), the United States land area intercepts each year about 600 times

its total 1970 energy requirements. Shortwave radiation from the sun can

be used directly or converted by photochemical reactions into energy useable

for applications such as electricity generation, space heating, cooling,

and processing of industrial materials. Solar house heating, production of

domestic hot water, solar distillation to produce fresh water from saline

water, evaporation to concentrate brines, and production of electric power

from photovo1taic cells for special use such as space research are some

present day applications that may come into more widespread use in the future.
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Not only is solar energy extremely dilute but energy collection

and conversion efficiencies are low. Solar energy fluctuates diurnally and

seasonally so that for most applications, energy storage facilities are an

important requirement.

A typical 1,000 MW power plant operating in a 1,400 Btu per day

solar climate would, with present technology, require 37 square miles

of collector surface (assuming efficiency of conversion of solar energy to

heat is 30 percent and to electrical energy is 5 percent.) The many square

miles of collector surface required for even a medium-sized power facility

would have an appreciable impact on land use. There would be a major aesthetic

intrusion in desert areas which now are generally undisturbed by man's

activities.

The requirement for large collector areas and the low efficiencies

make it unlikely that solar energy will become an important source of power

within this century. Even a 300 percent increase in solar cell efficiency

would not result in economically acceptable power costs for general use. A

massive research and development effort over an extended period of time would

be required to reduce costs, increase conversion efficiency, and achieve

acceptable system performance.

Another scheme for converting solar energy to electricity would

exploit solar-produced temperature differentials between the upper and lower

levels of the sea in the Caribbean region and in the Gulf stream. Orbiting

space vehicles might also be used as solar collecting stations. Systems such

as these have not yet been developed or tested and thus do not represent

feasible energy source alternatives.
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Use of solar energy for heating and cooling of buildings (both

residential and commercial) in many areas of the nation appears much more

feasible than generation of electric power. Although not a power source per

se, this use of solar energy would substantially reduce power requirements for

heating and air conditioning. Solar heating and cooling is receiving a great

deal of interest and study at this time and may eventually be a suitable

substitute for much of today's power demand. At the present time, however,

solar heating and cooling systems are in the research and development stage.

Recycling organic wastes

Organic wastes in the United States are potentially a source of

appreciable energy. The annual production exceeds 2 billion tons and includes

about 880 million tons of organic moisture-and-ash-free material. Animal

manure is the largest single source of organic waste; however, other agri-

cultural wastes, urban refuse, and commercial waste are important contributors.

Organic wastes that can be converted to low-sulfur oil have a potential yield

of 1.25 barrels of oil per ton of waste (U.S. Bureau of Mines 1971c). If all

the organic wastes produced in the U.S. were converted to oil, more than

1.3 billion barrels of oil per year would be produced. This amount is about

25 percent of the 1970 U.S. petroleum demand of 5.4 billion barrels. One

half of the organic wastes would supply the current volume of fuel oil now

used for electrical generation. It seems likely, however, that only a small

fraction of the organic wastes could be collected at reasonable cost.

Preliminary research on the conversion of organic wastes to oil

has been done in closed batch autoclaves. Currently, a continuous unit with
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a capacity of 20 pounds of waste per hour is being operated. Additional work

will be required for several years to prove technological feasibility,

develop adequate economic data, and construct commercial facilities.

Recycling of organic wastes would alleviate many critical solid

waste-disposal problems confronting the nation. Hater-quality problems near

livestock feedlots and disposal of agricultural wastes could be mitigated.

The acreage needed for landfills could be greatly reduced because the solid

residue from the conversion process would consist only of the mineral constit-·

uents in the original charge. The quantity of these constituents would

be small, sterile, and easily disposed of in landfills. Because the process

produces a low-sulfur oil with high heat value, it could reduce the need for

natural oil production.

It is doubtful if commercial installations can be achieved by

1985. Because of the need for further research and development, this

alternative cannot be considered viable at this time.

Liquid hydrogen

The use of liquid hydrogen as an alternative to fossil fuel for

vehicular power systems appears to be technically feasible. Hydrogen would

be separated from oxygen in water by an electrolytic process at a central

power station. The hydrogen then would be liquified, transported, and

distributed as fuel.

Prior to 1958, liquid hydrogen was produced only in small quantities

and was primarily a laboratory curiosity. In response to demands made by

the space program, facilities were constructed in the United States to

produce more than 150 tons per day, but costs are relatively high. Cost
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projections for the electrolytic production of hydrogen range from a low of

$0.04 per pound using electrical energy from a large breeder-type reactor

to about $0.12 per pound using other energy sources for electrolysis. By

comparison, the present cost to produce gasoline is about $0.02 per pound.

Because of the high conversion costs and lack of large-scale

conversion facilities, this alternative is not viable. Use of hydrogen as

a vehicle power source has the advantage of being pollution free because the

combustion product is water. Conventional energy sources would be used

in the conversion process; therefore, pollution from those sources would

have to be abated at the point of manufacture.
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Combinations of Alternatives

In the interest of clarity, this statement has discussed separately

each potential alternative form of enerf.y as a possible substitute to the

mining of the federally owned coal in the Eastern Powder River Coal Basin

of Wyoming. Power plants supplied by Powder River coal are coal-burning

and no other alternative type of fuel can be substituted. In addition, coal

from the basin plays an important role in the ener~y spectrum of a good portion

of the United States already in short supply for oil and gas. If the mining of

federally owned coal from the basin is prevented, an equivalent amount of fuel

must be supplied almost immediately from other sources, if the power plants

now using the coal are to stay in operation. Probably a combination of some

of the alternatives discussed in this statement could provide the energy

required in the long term, either by conversion of currently dependent

plants or by other plants designed and built to use the kind of fuel that

would be supplied. Understanding the extent to which the alternatives may

individually or collectively replace or complement the coal mined from the

basin requires a knowledge of the characteristics of our total national energy

system. The factors that are most relevant are outlined below:

1) Energy requirements historically increase at about the same

growth rate as gross national product.

2) Enerp.y requirements can be reduced and constrained to

some degree through the price mechanism in a free market

or by more direct constraints. A direct constraint that

can reduce energy requirements is substitution of capital
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investment for energy; for instance, insulation to save

fuel. Other long-range methods of achieving lower energy

use include rationing, altered transportation modes, and

major changes in living conditions, standards, and life

styles. Implementation of some of these methods would

have far reaching impacts on the economy and social patterns

of the nation. Even such severe constraints on energy use,

however, can be expected only to slow, not halt, the

growth in energy requirements in the immediate future.

3) Energy sources are not completely interchangeable. For

example: solid fuel cannot be used directly in internal-

combustion engines; likewise conversion of the currently

dependent coal-burning power plants to an oil-or gas-burn-

ing facility is severely limited in the near-term but

could be accomplished in the long-term. In addition, such

conversion would be costly and perhaps self defeating,

because of the oil and gas shortages.

Although the principal competitive interface between fuels

is in electric power plants, the range of flexibility in

the choice of fuel after a plant is built is limited by

environmental, capital, natural resources, and contractual

considerations.

4) A broad spectrum of research and development is being

directed to energy conversion--more efficient nuclear
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reactors, coal gasification and liquification, liquified

natural gas (LnG), and oil shale retorting among others.

Several of these should emerge by 1985 as important

environmentally acceptable energy conversion systems.

The future competitive relationships of these systems

to the more conventional energy sources are not yet

predictable.

5) Major potentials for filling the supply/demand imbalance

for domestic resources are:

- More efficient use of energy

Environmentally acceptable mining, processing,

utilizing, and rehabilitation systems that will

permit production and use of larger volumes of

domestic coal.

- Accelerated exploration and deveJopments and

increased production from all domestic oil and

gas resources.

- Development of the nation's oil shale resources

Of the foregoing, increased domestic oil and gas production offers

considerable possibilities, because indicated and undiscovered domestic

resources total some 417 billion barrels of oil and 2,100 trillion cubic

feet of gas (U.S. Department of the Interior, 1972c, pp. 22, 27). These

resources are believed to be producible under current technology. However,

the feasibility of providing adequate incentive and reducing the uncertain-

ties inherent in petroleum exploration is not known.
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6) The acceptability of oil and gas imports as an alternative

is diminished by:

- Expanding costs of foreign over domestic oil.

- Apparent high costs of liquefying and transporting

natural gas other than overland by pipeline.

- The security risks inherent in placing reliance for

essential energy supplies on politically unstable

foreign sources that are prone to interrupt the flow

of petroleum in order to exert economic and political

pressure on their customers.

- The aggravation of unfavorable international trade and

payments balances which would accompany substantial

increases in oil and gas imports.

In view of the trends and problems discussed above, it seems

reasonable to postulate that for some time to come the best alternative to

the production of the coal from the Eastern Powder River Coal Basin of

Wyoming would be to produce an equivalent amount of similar coal from

elsewhere in Montana, Wyoming, or North Dakota. For a discussion of this

alternative, see Coal (Nationwide), in this chapter.
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