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ABSTRACT

Surface mining, by its very nature, disturbs land. Because 

American miners extracted minerals in the past and did not reclaim the 

areas, public attention has recently been directed at the United States 

surface mining industry. Although many operators of coal and non-coal 

mines in the United States have treated their mined areas, federal and 

state legislation has recently escalated to strictly control types of 

mining and reclamation allowed.

The surface mining operation can, in all cases, be considered 

a temporary use for land. The end benefits from such mining can be 

vastly increased if they are incorporated into the mining sequence.

This is shown by a study made of three waste disposal schemes for a

proposed open pit copper mine. In addition, the end use of a mined

area is highly site-specific. Surface mines in arid regions, for 

example, would be better suited for end land uses differing from the

terminal land uses for surface coal mines in the midwestem United

States. However, if properly planned, any surface mine can make a 

meaningful contribution to an area, regardless of the climate or geo

graphical features of that area.

viii



CHAPTER 1

INTRODUCTION

In a 1971 article entitled "Significance of the Mining Industry 

to American Society," Upgren estimated that 800,000 companies are 

directly engaged in businesses related to automotive transportation.

Such businesses could not exist without the mining industry. Mining 

provides not only the metals for the cars and trucks, but also the in

dustrial minerals for the highways over which they travel. At the pres

ent time, the United States is importing approximately 43 percent of 

its oil (Rajaram, Kauppila, and Bolmer 1978). If this figure is to be 

held in check and if the nation is to approximate its national energy 

goal, 1.2 billion short tons of coal per year must be mined by 1985 

(Goeken 1977) and a great deal must be mined by surface methods.

However, by its very nature surface mining is both extremely 

visible and vulnerable to public policy. Therefore, if large amounts 

of coal and other commodities are to be extracted by surface methods in 

the near future, the mining operations must be conducted with the 

approval of the public, including a positive end use for mined land.

The perspective of mining as a temporary land use can be better under

stood by observing the escalation of surface mining and reclamation 

activities in the United States.

1
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Surface vs♦ Underground Mining

The Escalation of Surface Mining

The first known strip coal mine in the United States was 

started in 1856 near Danville, Illinois ("Surface Mining Legislation 

Moving" 1972). Although copper and iron ores have been mined to a 

large extent by surface methods since the turn of the century, coal 

production prior to 1935 was almost exclusively from underground mines. 

Since that year, though, the contribution made to mining by surface 

methods has constantly increased (see Figure 1). This rise is a 

reflection of the 100 to 200 percent productivity advantage compared 

to underground mining when based on ore alone, and is substantially 

greater when predicated on the total volume of material moved due to 

the increase in stripping ratios. As an example, surface mining today 

has overall productivity rates of 100 tons per manshift (TPM) for small 

ferrous and nonferrous mines. This figure approaches 500 to 1,000 TPM 

for large coal and industrial mineral operations when all waste and ore 

handled are included. In contrast, the most productive coal or non

coal underground mines in 1969 achieved only 80 TPM (Pfleider 1972).

For 25 years prior to 1972, open pit costs per unit handled 

continually declined. The reasons were bigger and better equipment, 

more powerful explosives, and improved planning methods. In addition 

to higher productivity rates and lower unit costs, surface mining is 

normally much more easily directed than underground mining. Ore delin

eation is easier with surface methods as is blending. A comparison of 

surface and underground mining costs as of 1972 is shown in Table 1.



Iron Ores

Copper "Ores
Percent

of
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Ore

Produced
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Mining

1950

Figure 1. Trends of Surface Mining in the United States 

• (Pfleider 1972, Fig. 1, p. 26)
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Table 1. Average Excavation Cost of Material* 

(Crude Ore and Waste)

Surface Mining Underground Mining
Mineral (dollars/cubic yard) (doliars/cubic yard)

Metals 0.88 4.34

Nonmetals 1.94 6.78

Coal 0.15 4.00

*Pfleider 1972, Table 3, p. 26.

For the above reasons, it is not surprising that nearly two

thirds of the 10 billion tons of ore mined worldwide in 1969 were ex

tracted by surface methods (Pfleider 1972). In 1973 and 1974, American 

surface mines contributed 94.5 percent of the crude ore and 96 percent 

of the total material handled in the United States (Morning 1976).

These figures compare to 94 percent and 95 percent respectively in 

1975. United States metal surface mine percentages for crude ore out

put increased from 83 percent to .88 percent from 1966 to 1975 and total 

material handled increased from 92 percent to 95 percent over that 

period (Morning 1977).

Surface Mining of Coal

Since the 1973 OPEC oil embargo, the United States mining in

dustry has placed a tremendous emphasis on coal to help meet future 

energy demands. However, some controversy has been raised as to the 

extent of mineable coal in the nation. Due to confusion in terminology, 

it was reported in 1973 that only 3 percent of the country's coal
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reserves were recoverable by surface methods. The figure was most 

likely taken from the U.S. Geological Survey's "Professional Paper 820" 

which listed identified coal resources in place as 1,581 billion tons. 

However, in the U.S. Bureau of Mines' "Information Circular 8531," 

demonstrated coal reserves were given to be 200 to 250 billion tons, of 

which 45 billion or 18 percent are considered recoverable or strippable 

("Surface Mining of Coal" 1974).

With such reserves and energy incentives, it is easily under

stood why the percentage of coal mined by surface methods has increased 

from 45 percent in 1971 ("Surface Mining Legislation Moving" 1972) to 

55 percent in 1975, 57 percent in 1976, and 60 percent in 1977 

(Winegartner 1978). No alternatives to surface mining exist when coal 

deposits are less than 100 feet below the surface. Underground mining 

would be too dangerous to surface owners at such shallow depths due to 

the high probability of surface subsidence. In addition, surface 

mining can recover virtually 100 percent of the coal in a deposit, 

whereas only an average of 50 percent can be removed by underground or 

deep mining operations ("Openness, Cooperation —  Keys to the Amax 

Environmental Program" 1972).

Surface mining appears at first glance to be the panacea for 

the recovery of the world's near-surface mineral resources. As 

Pfleider (1972, p. 27) states, "From the standpoint of maximum utiliza

tion of the nation's resources, it would appear that open pit mining, 

where feasible, offers the best potential for the optimum recovery of 

the valuable minerals. This aspect of conservation is an important
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factor for any nation to weigh in view of the increasing world demands 

and the projections for future generations."

Reclamation and the Mining Industry 

Reclamation Justification

Unfortunately not all the costs of an operation can be measured 

in dollars. Surface mining by its very nature creates a physical, and 

often highly visible, disturbance in an area, however temporary that 

disturbance may be. Such activity can mar a scenic view, lower the 

value, of real estate surrounding the active mine, alter a hydrologic 

cycle, and create public safety hazards. In such cases, social costs 

are absorbed by the public rather than industry. Unfortunately these 

costs cannot easily be evaluated in monetary terms. Such social costs 

have had the effect of tempering the automatic choice of surface mining 

for the extraction of some commodities and will continue to do so 

unless satisfactory land reclamation can be accomplished within eco

nomic limits.

Specifically, when natural ground is disturbed, the natural 

hydrologic cycle is often disrupted. Unstable silt can easily be 

washed into streams as can acidic drainage from spoil piles. Such 

environmental degradation, as well as the removal of forests and the 

creation of safety hazards, such as deep pits and unstable slopes, will 

be borne by the public if the mining industry leaves them unchecked. 

However, to be efficient and fair to society as a whole, external, or 

social, costs must be evaluated as much as possible in monetary terms 

and be absorbed into the cost structure of the firm or government
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agency that is causing them (McCarl 1971). Therefore, whether the im

petus to reclaim a mined area is through tax incentives, government 

regulations, or the imposition of a fee for leaving the region unre

claimed, the act of reclamation does internalize social costs.

In the surface coal mining industry, land reclamation has been 

required in most states for some time. Recently reclamation was 

brought under the jurisdiction of the federal government. Because the 

companies must internalize the costs of reclamation, the purchase price 

of coal reflects the cost of rehabilitation. However, the social costs 

to a consumer are greatly reduced when land is reclaimed soon after 

mining ceases.

Lands Affected by Mining

The U.S. Bureau of Mines (USBM) defines "reclaimed areas" as 

mine and waste disposal areas that have been reconditioned or restored 

in line with federal, state, and local laws. According to the Bureau
J

of Mines' report "Land Utilization and Reclamation in the Mining 

Industry, 1930-1971," the U.S. mining industry utilized only 3.65 

million acres, or .16 percent of the land area of the United States, 

and reclaimed 1.46 million acres, or 40 percent of what it used during 

the 42-year period from 1930 to 1971 ("U.S. Mining Industry Reclaims 

80% of Surface Acreage Used in 1971" 1974). It can be seen from 

Table 2 that railroads and airports in operation at the end of 1971 

occupied the equivalent land area that the mining industry utilized 

from 1930 to 1971. Highways alone used 22.7 million acres, or six 

times the area used by mining.
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Table 2. Comparison of Land Utilized by the United States in 1971*

Activity Million Acres

Total United States3 2,271.3

Agriculture^ 1,283.0

Cropland 472.1

Grassland pasture and range 603.6

Forest land grazed 198.0

Farmsteads, farm roads 8.4

Forest land not grazed 525.5

Urban areas 34.6

National Park system 29.6

Highways 22.7

State Park system 8.6

Mining0 3.7

Airports 3.3

Railroads 3.2

Municipal and county park and recreational areas 1.0

^Estimates based primarily on reports and records of the Bureau of 
Census and federal and state agencies.

b1969 data.

cLand utilized 1930 to 1971.

*"U.S. Mining Industry Reclaims 80% of Surface Acreage Used in 1971" 
1974, p. 59.
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In compiling the report, the USBM solicited information on land 

use from every mine and mill operating in 1971. The land use elements 

reported included surface excavations, areas devoted to waste disposal, 

and land used for plant and support facilities. If reclamation was not 

required in a particular study area, the amount of land reported was 

that restored to a useful state.

Of the 1.46 million acres reclaimed from 1930 to 1971 (see 

Table 3), 68 percent had been excavated, 27 percent was composed of 

areas used for overburden or other mine wastes, and 5 percent included 

mill waste or subsided mine areas. The fossil fuel industry restored 

69 percent of the total acres reclaimed which included a million of the 

1.47 million acres it mined from 1930 to 1971. In 1971, coal operators 

actually reclaimed more land than they mined.

Purpose and Scope of Thesis

From the above information, it can be seen that the U.S. mining 

industry has exerted a great effort to internalize social costs by the 

reclamation of mined lands. 'For varying reasons, reclaimers of mined 

lands have promoted the concept that mining need not be an end use for 

a parcel of land. With reclamation, the mined land can be used again 

for purposes that are seemingly unlimited. The purpose of this thesis 

is to demonstrate that surface mining, whether for coal, metals, or 

industrial minerals, should be viewed only as an interim use for land. 

If properly planned, a mine can provide equity in the form of increased 

land value upon the cessation of mining activities. The land
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Table 3. Land Utilized and Reclaimed by the U.S. Mining Industry from 

1930 to 1971*

Commodity

Land Utilized 
(acres)

1930-71 1971

Land Reclaimed 
(acres)

1930-71 1971

Reclaimed
(%)

1930-71

Metals:

Copper 166,000 19,100 4,810 1,410 2.9

Iron ore 108,000 8,620 4,630 2,330 4.3

Uranium 12,800 1,950 810 440 6.3

Other 237,000 6,740 33,000 8,400 13.9

Total 524,000 36,400 43,300 12,600 8.3

Nonmetals:

Clays 167,000 7,460 58,700 4,330 35.1

Phosphate rocks 77,300 10,200 12,300 2,070 15.9

Sand and gravel 660,000 46,400 197,000 34,300 29.8

Stone 516,000 25,000 124,000 9,480 24.0

Other 138,000 6,030 14,100 3,070 10.2

Total 1,560,000 95,100 406,000 53,200 26.0

Solid fuels:

Bituminous coal 1,470,000 73,200 1,000,000 94,600 68.0

Other 105,000 1,710 14,100 2,230 13.4

Total 1,570,000 74,900 1,010,000 96,900 64.3

Grand total 3,650,000 206,000 1,460,000 163,000 40.0

*UU.S. Mining Industry Reclaims 80% of Surface Acreage Used in 1971" 
1974, p. 60.



surrounding a mine would not be nearly as valuable, for example, if 

waste materials were deposited in a random fashion.

In addition, the end use of a mined area can offer tremendous 

social benefits in the form of areas for housing, remote industrial 

sites, or recreational areas. Although such areas could be located 

on non-mined lands, mining often has the unique advantage of forming 

landscapes that would likely be too costly to create otherwise.

The idea of post-mining benefits is not new nor has it evolved 

without public guidance. Because surface miners in the past extracted 

coal on agricultural lands without reclaiming the areas, surface mining 

has lately come under close scrutiny. Chapter 2 illustrates the legal 

efforts that have been made to insure no permanent degradation to an 

area due to mining operations. The crux of such legislation to date 

has dealt with the restoration of coal mined lands. Chapter 3 contains 

examples of coal miners who have restored their lands in the conven

tional manner as well as case studies of coal mines restored to serve 

alternate land purposes.

Although at present there is little legislation dealing with 

the restoration of lands excavated for the extraction of non-coal 

minerals, many hardrock operators have voluntarily explored ways to 

treat their mined areas to accommodate end land uses. Chapter 4 demon

strates that mining can serve a temporary land use even if the land is 

not replaced as it was prior to the commencement of operations.

The point stressed in Chapter 4 is that the best uses served by 

a former mining operation are those that were incorporated into the 

mining scheme. Chapter 5 contains a case study of a proposed open pit

11
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copper mine in the southwestern United States. An interdisciplinary 

team approached the problem of preplanning the mine such that a maximum 

end use could be realized. The study bore out the fact that creative 

waste disposal need not be financially burdensome to the operator.

I



CHAPTER 2

LEGISLATION AFFECTING THE MINING INDUSTRY

In the late 1960's and early 1970's an environmental awareness 

movement swept the United States. As a result, a barrage of laws were 

passed to insure that further ecological degradation would not be 

caused by municipalities or industry. The laws which most directly 

influenced energy resource development were the National Environmental 

Policy Act of 1969, the 1970 Amendment to the Clean Air Act, the Water 

Pollution Control Act Amendment of 1972, and the Safe Drinking Water 

Act of 1974 (Steele et al. 1976). Whether or not the mining industry 

provided the impetus for such legislation, the ecological movement has 

caused even more government actions to be taken which have been aimed 

directly at mining. Reclamation laws, culminating with the Surface 

Mining Control and Reclamation Act of 1977, have been enacted to insure 

the return of a mined area to a useful state. Furthermore, mineral 

leases have become increasingly harder to secure due to the past atti

tudes of some operators who viewed mining as a terminal land use.

Reclamation Legislation

State Controls

Prior to 1939 the surface mining industry of the United States 

was unchecked in its performance; mining was conducted as efficiently 

as possible which meant that overburden was stripped and replaced but
13



14
not recontoured. In that year, West Virginia passed the first state 

law regulating mining and land reclamation ("Surface Mining Legislation 

Moving" 1972). Only 6 states followed suit during the next 22 years 

(Sawyer and Growl 1968), but the number increased to 14 by 1968 (Obert 

1973), 20 by 1970 (Whitt 1970), and 28 by 1972 ("Surface Mining Legis

lation Moving" 1972). As of 1977, 38 states had surface mining stat

utes which varied greatly in the degree of control the states exercised 

concerning reclamation activities ("Declaration of Policy of the 

American Mining Congress" 1977).

One of the reasons that reclamation laws are so different from 

state to state is that the amount and nature of land disturbed by 

mining varies tremendously across state boundaries. By 1970 all states 

had land disturbed by mining and in need of conservation work. Hawaii 

was lowest in the ranking with 300 acres needing attention, whereas 

Pennsylvania led the list of 13 states with 50,000 or more acres of 

mined land in need of reclamation (Whitt 1970). In Pennsylvania, then, 

mining is much more visible and therefore much more closely controlled 

than in Hawaii.

In the same vein, well-written state reclamation laws emphasize 

different facets of land rehabilitation according to their degrees of 

importance within the state. Concerning topsoil, for example, Illinois 

has imposed strict requirements regarding lands regraded for row crops. 

The top 24 inches of the recontoured soil can contain no rocks larger 

than 6 inches in diameter with no more than 20 percent rock by volume. 

The 2 to 4-foot layer of newly placed material can contain no rocks
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larger than 20 inches in diameter with no more than 50 percent rock by 

volume (Grandt 1974).

Other main areas covered by state reclamation laws include 

water confinement, water quality and protection, final grades of re

claimed slopes, and revegetation. Although Wyoming requires lakes to 

be created wherever possible (Rulli 1971), reclamation laws in Kentucky 

currently prohibit the impoundment of water on reclaimed spoil land 

(Powell and Barnhisel 1977). Regarding water quality preservation, 

all states are specific in stating that acid-generating spoils must be 

covered.

Regulations dealing with final grades on highwall slopes are 

fairly arbitrary. Montana allows a 20° slope (McDonald and Eubanks 

1976) whereas highwalls can be steepened to 35° in Ohio (Grandt 1974). 

These regulations, though varied, are not as arbitrary as revegetation 

standards; revegetation needs commonly fluctuate considerably even 

within a state.

In Wyoming a major coal producer faced the problem of revege

tating reclaimed lands in an area where precipitation received was 

approximately 6 inches per year. Another coal company in the same 

state had a much easier time with plant growth in an area with 16 to 

18 inches of annual rainfall. The latter succeeded in building a lake 

with good fishing which was surrounded by land supporting excellent 

growth of grasses, trees, and shrubs. The former is still wrestling 

with the problem of aridity (Peplow 1970).

A regulation that has evolved with the recent reclamation laws 

and is common to most states is the requirement of mining companies to
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submit periodic plans for mining and reclamation. For example, the 

Montana Strip Mining and Reclamation Act requires that each mine opera

tor submit to the state a plan of mining and reclamation activity for 

each calendar year. The plan must include a description of all lands 

to be affected, the process with which coal reserves are to be re

covered, the method of land reclamation to be used, and the schedule 

for returning lands to their natural conditions. Any deviation from 

the plan must be approved by the state. Failure to submit a mining 

plan could result in disciplinary action ranging from a fine to discon

tinuance of operations (McDonald and Eubanks 1976).

Federal Laws

In 1940 Everett M. Dirksen, then a congressman from Illinois, 

introduced a bill that would have required all U.S. surface miners of 

coal to backfill their excavations with "spoil and such additional 

solid material as may be needed to return the contour of the earth to 

approximately the same as it was prior to mining." The bill also re

quired the posting of a performance bond sufficient to cover the cost 

of reclamation with the amount to be determined by the Department of 

the Interior. The House of Representatives did not act on that bill 

and almost ten years passed before the second measure pertaining to 

surface mining was introduced ("Surface Mining Legislation Moving" 

1972, p. 77). The probable reason for such little federal action con

cerning mined land reclamation was the coal mining industry’s ability 

to persuade Congress that existing state laws were adequate.



National reclamation legislation came into view again in 1968 

when the Senate Interior Committee held hearings on the subject. This 

time the debate centered around the issue of federal versus state con

trol for surface mining regulation. In 1971, with a flurry of legisla

tion reminiscent of reaction at the state level, 23 bills concerning 

land rehabilitation were introduced into the U.S. House of Representa

tives and 10 in the Senate.

The Tennessee Valley Authority (TVA) was the nation's largest 

purchaser of coal in 1972. To do its part in protecting the environ

ment, the TVA established basic reclamation requirements with which its 

coal suppliers were forced to comply ("Surface Mining Legislation 

Moving" 1972). The following year. Senator Henry M. Jackson of 

Washington introduced a bill which passed the Senate as the Surface 

Mining and Reclamation Act of 1973 ("Surface Mining of Coal" 1974). 

Although the bill never became law, the issue of federal regulation of 

surface mining was vociferously debated in the next two years. The 

proponents of regulation argued that more controls were needed while 

many in the mining industry insisted that existing state laws were 

adequate.

On June 10, 1975, President Ford's veto of H.R. 25, the latest 

version of the surface mining bill, was sustained in the House of 

Representatives by a 12-vote margin. A rash of bills followed but the 

94th Congress adjourned in October of 1976 without the passage of fed

eral surface mining legislation. However, with the 95th Congress came 

more Democratic power in the House Interior Committee. On opening day. 

Representative Morris Udall of Arizona introduced H.R. 2 which dealt

17
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with surface mining regulation. A similar bill was introduced in the 

Senate shortly thereafter. Both bills passed their respective houses 

despite many amendments, and a joint House-Senate committee was set up 

to iron out the differences between the two bills. That committee re

port passed both the House of Representatives and the Senate by 

July 21, 1977. On August 3, President Carter signed the Surface Mining 

Control and Reclamation Act of 1977 (Cook and Green 1978).

In December 1977, the Department of the Interior published 

final interim regulatory procedures for surface coal mining and recla

mation activities. New coal miners were to be in compliance by 

February 3, 1978 while existing mines were given three additional 

months. Small miners had a deadline of January 1, 1979 ("Strip Mining 

Bill Goes to President Carter" 1977). • The interim regulations were 

scheduled to be replaced with permanent statutes by August 3, 1978 

(Dworshak 1978). However, the mining industry feels permanent programs 

will most likely not be enacted until June of 1980 due to the need for 

environmental and economic impact statements (Cook and Green 1978).

General provisions of the Surface Mining Control and Reclama

tion Act of 1977 include:

1. Permission to mine in alluvial valleys in the West 

provided mining does not interrupt or prevent 

farming.

2. Allowance of mountaintop mining under strict 

control.

3. Required backfilling of excavations to include 

recontouring.
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4. Consent of the surface owner before mining federal 

coal.

5. The requirement that operators reconstruct soil in 

prime farmlands according to stringent criteria as 

well as prove technical expertise to restore land 

to levels of production equivalent to those prior 

to mining (’’Strip Mining Bill Goes to President 

Carter" 1977).

In addition, Title II of the new act established an agency in 

the Interior Department to administer and enforce the federal reclama

tion law. The first director of the Office of Surface Mining 

Reclamation and Enforcement, Walter Heine, was appointed by President 

Carter with the approval of the Senate (Cook and Green 1978). Heine 

declared that the Office of Surface Mining would follow a "state lead" 

concept. In such a system, regulatory activities pertaining to mined 

land reclamation are to be employed by the state under programs 

approved by the Secretary of the Interior. A full federal program will 

be implemented in a state only after that state has failed to submit 

acceptable regulations of its own.

The American mining industry was generally unhappy about the 

new law as the miners felt that much of the legislation dealing with 

vegetation was arbitrary. Particularly the operators were concerned 

with the "90 percent clause." This clause states that no significant 

segment of the reclaimed area can contain less than 90 percent of the 

ground cover found in a pre-mined "reference area." If the reclaimed 

area is used for cultivated crops, no significant segment can produce
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less than 90 percent of that produced on a comparable segment of the 

reference area ("Answers to Questions About the Surface Mining Act"

1978). Thomas Sawarynski of Consolidation Coal Company summed up the . 

feelings of the industry when he said, "The design must be highly site 

specific rather than preset and mandatory in all situations" (Cook and 

Green 1978, p. 114).

Although many mine operators disagree with the new reclamation 

act, the law must be followed. Therefore, mine operators should now 

make every effort to preplan their operations to restore mined lands 

as efficiently as possible.

Mineral Lands Availability

It can be seen that land reclamation laws relating to the sur

face mining of coal have become much stricter and more numerous in the 

past decade. There are people, though, who believe that mining, no 

matter how carefully it is conducted or how thorough the reclamation 

effort, will undeniably leave a parcel of land in a wasted condition. 

Some seem to think that the best way to halt the "damage" of mining 

is to prevent mining. The present environmental movement had its roots 

in the National Environmental Policy Act of 1969 (NEPA). In effect, 

NEPA stated that the public must be given consideration before pro

jects likely to affect the environment are set in motion. The act made 

mandatory the preparation and publication of an environmental impact 

statement (EIS) in all major undertakings involving a federal monetary 

or regulatory role (Lantz 1975). Although many mineable deposits have 

been located on federal lands in recent years, some have not been mined
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as potential operators have not been able to obtain approval of environ

mental impact statements or mining leases.

Nonmetallie Minerals

In the late 1960's, the nation began to realize that increased 

dependence would have to be put on coal as an energy source to offset 

the reliance on imported oil. Since much of the coal would have to 

come from public lands, the terms set by NEPA had to be met and a 

mineral lease secured. To date the main blockage of mineral leases has 

been largely due to certain special interest groups calling for as many 

as four environmental impact statements for each mine. If a mining 

company does obtain a lease, the Department of the Interior must 

approve the mining plans before operations can begin ("Hearings Held on 

Mining Law Revision" 1977).

Coal lease problems have been both numerous and visible, but 

phosphate miners in Idaho have also been checked by the Department of 

the Interior. In December 1974, eight Idaho phosphate firms submitted 

mining plans to the Department of the Interior for approval. Many 

areas were involved as the companies felt that they had to submit plans 

for the next 26 years. The Interior Department rejected the figure so 

the companies countered with a figure involving half the original land. 

As of January 1978, Secretary of the Interior Cecil Andrus still had 

not approved the mining plans (Li 1978).

Hardrock Options

Because so few reclamation laws currently exist regarding non

coal minerals, those who fear degradation from mining feel it is
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especially necessary to control hardrock miners via the withholding of 

mineral leases. Consequently, land withdrawals concerning federal land 

are 300 percent of what they were in 1968 (Bennethum and Lee 1975).

The withdrawals which are most frustrating to the mining industry are 

de facto withdrawals which involve the power of a government agency to 

delay indefinitely the approval of an environmental impact statement or 

mineral lease ("Hearings Held on Mining Law Revision" 1977).

The Mining Law of 1872 applies to all minerals exclusive of 

oil, gas, coal, phosphate, sodium, oil shale, sulfur, potash, and cer

tain other hydrocarbons and nonmetallies which are provided for under 

the Mineral Leasing Act of 1920 (Bennethum and Lee 1975). The American 

mining industry supports the 1872 law as it provides great flexibility 

in mining and prospecting ("Mining Law Changes Are Imminent, NWMA 

Members Told" 1978). However, there are many who feel the Mining Law 

of 1872 has been deficient in protecting the environment and preserving 

land for other purposes (Roberts 1977). As a result, recent steps have 

been taken to revise the 1872 statute.

The Mineral Development Act, H.R. 5831, has been recently 

introduced in Congress by Representative Phillip Ruppe of Michigan.

The bill is a modernized claims-location-patent system and is supported 

by the mining industry but opposed by environmental groups as they feel 

that it provides no more ecological safeguards than already exist under 

the Mining Law of 1872 ("Hearings Held on Mining Law Revision" 1977).

Another bill, H.R. 9292, which was drafted by the Carter admin

istration would repeal the Mining Law of 1872. In its place, a com

petitive leasing system for hardrock minerals would be established
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("Hearings Held on Mining Law Revision" 1977). The opponents of the 

bill feel it would give the Secretary of the Interior broad discre

tionary authority concerning the granting of leases ("Mining Law 

Changes are Imminent, NWMA Members Told" 1978). The proponents of the 

bill feel it is necessary to protect the public domain.



CHAPTER 3

RECLAMATION IN THE SURFACE COAL MINING INDUSTRY

Coal is generally deposited in tabular, fairly homogeneous 

seams ranging from a few feet up to 100 feet thick. If these seams 

occur at shallow depths, they can be mined by surface methods. Should 

strip mining be employed, the economical coal seam or seams can be ex

posed, easily discerned, and extracted completely. With this method 

the overburden can be deposited near the opening rather than having to 

be transported to another dump to allow for working room (see Figure 2).

Although coal seams too costly to extract may have to be left 

intact beneath the mined areas, no economic minerals remain in the mine 

opening. In addition, because the overburden is normally stacked back 

in the opening, strip mining for coal is very amenable to land reclama

tion. Realizing this and the fact that much prime agricultural land is 

underlain with coal, certain groups decided to change the idea that 

surface mining for coal was a terminal use for a parcel of land (see 

Chapter 2). One of the earliest attempts to revegetate coal mined land 

was undertaken in the 1930's by the North Dakota Game and Fish Depart

ment when they seeded a number of spoil banks with sweet clover 

(Dietrich 1973). In West Virginia, the 1939. state legislature passed 

the first law regarding the reclamation of coal mined lands. From 

these efforts, coal companies in other states could see the reclamation 

movement approaching. As a result, many initiated reclamation programs
24
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before they were mandatory and did far more than required even when 

reclamation was legislated. Similar to the North Dakota efforts, 

Pittsburg and Midway Coal Company reclaimed orphaned spoils in areas 

of southeast Kansas before any local reclamation laws went into effect 

(Howland 1975).

The most important result of the voluntary program was that 

companies began to tailor their reclamation efforts to achieve desired 

end uses for the land involved. Following are examples of coal mines 

reclaimed not only for agriculture, but also for water resource devel

opment, post-mining real estate, and recreational areas.

Lands Reclaimed for Agricultural Purposes

Meadowlark Farms

Amax is an example of a company that has acted on reclamation 

issues rather than reacting hesitantly to legislation. Meadowlark 

Farms, a subsidiary of Amax and Amax Coal Company, has been farming 

coal land prior to and after mining.

Through a crop-sharing arrangement, Meadowlark buys land under

lain with coal and allows residents to farm it until mining commences. 

After mining, land with crop-producing soil properties is regraded and 

crops ranging from c o m  to hay are grown. At the Chinook Farm in Clay 

County, Indiana, Meadowlark has graded 200 acres for hay and 400 acres 

for pasture. Prior to mining, only half the land underlain by coal 

was tillable for farm crops ("Land Reclamation Can Even Be Profitable" 

1971).
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Reclamation Efforts in Alaska
Cleland Conwell, mining engineer for the State of Alaska has 

said, "Alaskan land will revegetate. Reseeding speeds reclamation, but 

left to nature native species will reclaim the land whether it was dis

turbed by forest fires, roads, villages, or mining" (Conwell 1975, 

p. 1). Over 100 years ago, the gold miners sank shafts through the 

frozen mud, used steam points to thaw the ground, circulated hot water 

in the ground, and dredge mined these areas. The land reclaimed it

self, became an excellent moose habitat, and is currently sought after 

for residential areas as permafrost is no longer a problem. Until 

1970, no effort was made to reclaim mined land in Alaska. The first 

attempt failed but successive attempts have spelled success. One area 

has supported grass so well that a herd of wild Dahl sheep winter in 

the reclaimed fields (Conwell 1975).

It has been estimated that Alaska has an agricultural develop

ment potential of 25 million acres. Of this total, the land used in 

1972 for crops and grain totaled only 17 thousand acres. A main draw

back to agricultural development has been the clearing of land. In 

areas where flat-lying coal beds exist, the land could be reclaimed and 

immediately developed into farmland of good commercial value. As 

Conwell states, "It would seem that in a world short of food today, 

mining should be encouraged to bring the land into production" (Conwell 

1975, p. 6).
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Vineyard Experimentation

Falcon Coal Company has put major emphasis on the establishment 

of experimental grape vineyards within its surface mine reclamation 

areas in eastern Kentucky. Two varieties of French vines have been 

cultivated and have been described as thriving in the test plots. The 

vines were not allowed to bear fruit until after the third year of 

growth with the first crop of grapes harvested in the summer of 1975.

If the grapes produce good wine, the project could have a significant 

impact in the state as the 1976 Kentucky General Assembly passed a 

small winery bill making it legal to operate a commercial winery within 

the state ("Thriving Vineyard Springs from Reclaimed Kentucky Mine 

Site" 1976).

Research Continues

Although some reclamation efforts have been very successful, 

research is still being conducted. James Powell, the reclamation 

supervisor for Peabody Coal Company in western Kentucky, has observed 

thousands of acres of field reclamation in his work. From these obser

vations, he has concluded that broadcast seeding is the most effective 

and economical method of revegetation. In using this method, the seed 

and fertilizer can be blended together and applied during the same 

operation, usually using a spreader truck (Powell and Bamhisel 1977).

Other novel, methods of fertilization have also been used suc

cessfully. Because the Metropolitan Sanitary District of Greater 

Chicago could no longer dispose of all solid waste in the conventional 

manner due to degradation of the environment and cost, they began to
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consider alternatives that would be economical, prevent pollution, and 

use the solids in some beneficial manner. The application of untreated 

solids on land was the only alternative that satisfied all of the 

criteria.

The "Solids-on-Land" program was conducted by the University of 

Illinois under the direction of Dr. Thomas Hinesly. Perhaps the most 

successful of the research projects was the fertilization of approxi

mately 10,000 acres of strip mined land in Fulton County, Illinois.

The application of the fertilizer has helped to restore the organic 

matter of the soil, has reduced erosion, and has increased c o m  produc

tion from 13 to 56 bushels per acre (McMillan and Carlson 1975).

In western Kentucky, as much as 75 percent of reclaimed land 

holds the potential of providing some type of agricultural production. 

The remaining 25 percent would be suited for wildlife and recreation 

(Powell and Bamhisel 1977). Concerning neglected areas, the Soil 

Conservation Service (SCS) of the U.S. Department of Agriculture con

cluded in 1970 that over 90 percent of the mined acreage in need of 

conservation treatment was in private ownership, most of it in scat

tered parcels. The SCS believes that the small tracts, in most cases, 

could be treated along with the rest of a farmer's land in a conserva

tion farm plan (Whitt 1970).

Reclamation for Water Resource Development

Water Storage

Although reclaimed land, if not properly recontoured, can cause 

pollution of lakes and streams, many hydrologic benefits can be
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realized from surface mining. According to U.S. Geological Survey 

hydrologist D. J. Cederstrom, from the standpoint of susceptibility to 

recharging, cast ground composed of limestone, sandstone, and shale is 

probably at least 3 times more favorable than the formation in its 

original state. In addition, the storage capabilities of thrown ground 

may be from 7 to 25 times greater than ground in an undisturbed condi

tion.

Cederstrom also sees the lakes caused by strip mining as "dry 

wells" which are improvements in the functioning hydrologic cycle as 

well as distinct assets with respect to use by humans and wildlife.

The potential hydrologic benefits from mining could easily include 

flood control in the phosphate mines of Wyoming by providing basins to 

catch excessive runoff (Cederstrom 1971).

Since Big Horn Coal Company's restoration program began in 

1964, it has converted abandoned mine pits into lakes with depths rang

ing to 70 feet. The lakes have provided fishing for bass, crappie, and 

trout as well as boating and swimming opportunities (Rulli 1971).

The city of Lynville, Indiana had a severe water shortage prob

lem prior to mining reclamation activities in the area. Water had to 

be hauled 11 miles in tank trucks for household and fire protection 

purposes. As part of their reclamation program, Peabody Coal Company 

constructed a series of 5 dams, forming a 257-acre lake to hold 400 

million gallons of water. Not only did the Indiana Board of Health 

approve the water for municipal use, but the reservoir now provides 

opportunities for fishing and swimming, as well as favorable locations 

for summer cottages (Grandt 1974).
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Reclamation to Improve Water Quality

As previously mentioned, barren piles of overburden can greatly 

pollute streams and rivers by clogging them with excess sediments.

Worse though, are soils with acidic properties overlying shallow de

posits of coal. When the soils are stripped and not properly covered 

by a more neutral soil, any drainage over the spoil will be acidic.

This problem was addressed in the "Solids-on-Land" program 

administered by the University of Illinois. Coal mine spoils in south

ern Illinois have a very low pH, thus causing highly acidic runoff into 

streams. Traditionally, lime and commercial fertilizers have been used 

to neutralize the spoils and make them suitable for revegetation. How

ever, during the pilot part of the program in 1970, wastewater sludge 

was found to neutralize the acid runoff, thereby improving the water 

quality of the area (Lejcher 1972).

Lands Reclaimed for Other Purposes 

In areas of prime farmland, land reclamation generally serves 

the best interests of society when it returns the land to crop produc

tion. By the same token, fresh water impoundments are welcomed in arid 

regions. Some mining companies have realized, though, that the people 

near the mines may need land for more than crops or water.

Real Estate from Tailings

In the hills of West Virginia, where a level piece of land 

sells for premium price, a new method of forming coal refuse piles 

holds promise of turning nagging land use problems into useful real 

estate. In the past, neglected refuse piles often became as high as



the surrounding hills. These piles, as well as being unsightly, pol

luted the water due to acid drainage and the air from spontaneous com

bustion.

However, Idamay Coal Company, a subsidiary of Bethlehem Steel, 

began a refuse pile reclamation program in 1966 that now includes 100 

acres of leveled, revegetated land. Eight of the acres contain a 

modern plastics plant.

The reclaimed tailings pile is comprised of 18 inches of soil 

sandwiched between 15-foot layers of coal refuse to a height of 80 

feet. The top is covered with a layer of soil and seeded. The inter

nal layers of soil help stabilize the pile, smother possible sponta

neous combustion, and cut off seepage at the bottom of the pile.

The company believes that the cost of reclaiming the refuse 

pile will be regained from the increased value of the land (Smith 

1972).

West Virginia Coal

In the midst of West Virginia's mountainous terrain, CanneIton 

Industries has developed a massive plateau of level, rolling land 

through surface mining of three coal seams and attention to reclamation 

possibilities. According to Paul Morton, president of Cannelton Indus

tries, "We take the tops off the mountains, remove the coal, and return 

the terrain to a better, more useful purpose for mankind than it was in 

its original state. We create level land to establish a base for 

future residential, commercial, and institutional development— possibly 

a city of over 20,000 people" (Blakely and Mason 1973, p. 47).

32
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The upper Kanawha Valley of West Virginia has experienced popu

lation growth that was limited to strip-like corridor development along 

the rivers prior to mining. The coal seams mined by Cannelton are near 

the tops of mountains and require excessive overburden removal of up to 

294 feet. This overburden is used to fill the shallow valleys, is com

pacted, and then revegetated. The Community Planning Section of West 

Virginia Tech has estimated that the Cannelton site could accommodate a 

city of 20,000 people to include all supporting facilities.

Morton believes that strip mining is also beneficial in the 

area because the effects on the vegetation and water table are far less 

than underground mining would cause; in addition, surface subsidence is 

not a problem (Blakely and Mason 1973).

German Lignite Mining

Long a leader in the end use of mining operations. West German 

lignite miners southwest of Cologne are reclaiming land on a very large 

scale. The mine involved is a lignite mine which produces 30 percent 

of West Germany’s power. At 1,200 feet in depth, it is one of the 

largest strip mines in the world. With the aid of bucketwheel exca

vators, the mined out areas are continuously filled as the pit advances. 

Ash from the power plants is returned to the pit and overburden is then 

returned and recontoured. Once agricultural production has reached 

110 percent of its previous output, the land is returned to private 

users for farming and the building of new villages (Bishop 1972).
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End Use Planning

It can be seen that the previous three reclamation projects 

were well-planned with specific end uses incorporated. Often, however, 

coal mining companies are accused of doing only what the law demands 

when it comes to reclamation activities. This is certainly not the 

case of Hanna Coal Company, a division of Consolidation Coal Company, 

at Cadiz, Ohio.

In 1971, Hanna Coal was strip mining land just north of the 

Jefferson County, Ohio fairgrounds. The grounds consisted of only 14 

acres and had become far too small to accommodate the fair. Through 

the generosity of Hanna Coal, a 1,100-acre tract was committed to the 

Jefferson County Fair after mining and reclamation were completed.

Hanna Coal also offered to design the mine so as to work toward a mas

ter plan for the newly named "Friendship Park." As the 1,100 acres 

were being mined, the stripping, proposed haul roads, and reclamation 

were all planned with the new recreational facility in mind. The haul 

road was designed to become the roadway through the park.

Capabilities for the new park, in addition to a fairground, in

clude two lakes, one of which will provide water for residences in the 

immediate area, an airport, ski slopes, and a golf course (Hickle and 

Hesske 1971).

Factors Affecting the Costs of Reclamation 

It is impossible to place an average cost on the restoration of 

coal mined lands. If operators are to conduct their mining in order to 

accommodate a predetermined end use, it will be necessary to estimate
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the costs to rehabilitate the land. In a study conducted for the U.S. 

Bureau of Mines, reclamation costs varied from $860 per acre to $7,200 

per acre (Persse, Lockard, and Lindquist 1977). This range was very 

similar to that of $444 per acre to $7,611 per acre determined by 

Kennedy et al. (1977) but considerably lower than another Bureau of 

Mines' study that set reclamation costs between $1,855 and $15,665 per 

acre ("Surface Mining of Coal" 1974). Amazingly enough, a farmer from 

Illinois was able to recontour orphaned spoils via a strike-off grading 

technique (see Figure 3) for only $35 per acre (Carter et al. 1974), or 

.2 percent of the $15,665 figure. The reason for such wide variation 

is that the price of reclaiming an area is greatly affected by the 

topography and climate of the area as well as the geology of the de

posit. In addition, "reclamation" is a broad term which encompasses 

everything from recontouring to the careful removal, replacement, and 

revegetation of topsoil. Finally, reclamation costs are directly pro

portional to the efficiency of the equipment used.

Topographic, Climatic, and Geological Considerations

Coal, like any mineral commodity, can only be mined where it is 

deposited by nature. If it exists on an expansive prairie in long, 

flat-lying deposits which are covered by only a few feet of overburden, 

reclamation costs may be very low. In such a case, spoil piles can 

most likely be placed in uniform rows devoid of peaks. This minimizes 

the distance that the material must be moved to achieve the desired 

contour. However, should the geology of the coal be irregular or 

steeply dipping, spoiling cannot be done with much uniformity. All
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other factors being equal, the cost of reclamation is then raised 

(Persse, Lockard, and Lindquist 1977).

Similarly, the composition of overburden affects costs in all 

categories. Increases in reclamation costs are acute when the removal 

of surface rock is necessary before extracting coal (Persse, Lockard, 

and Lindquist 1977). If the original terrain is steeply sloping (see 

Figure 4), reclamation costs will probably be higher than if the area 

has a rolling topography.

Finally, the climate of an area can cause reclamation costs to 

fluctuate over a broad range. A mined area recontoured and revegetated 

in an arid environment could have reclamation costs higher than a mine 

conducting similar reclamation in a more temperate climate. The main 

difference between the two would be the very high irrigation cost asso

ciated with the former mine. However, in the event that excess water 

is encountered, either because of contact with the water table or due 

to a great deal of rain, the cost of removing that water could greatly 

increase reclamation costs if the mining company is forced to backfill 

the pit upon the cessation of mining.

Degree of Reclamation

To judge objectively the efficiency with which a parcel of land 

is returned to a productive end use, the method of restoration must be 

known. Obviously the cost of recontouring orphaned spoils by strike- 

off grading cannot be compared to the careful removal, storage, 

replacement, and revegetation of topsoil or the expensive process of 

groundwater protection. In the 1977 Bureau of Mines' study, the

37
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highest restoration costs were incurred at coal mines in the northern 

Great Plains (Persse, Lockard, and Lindquist 1977) as state laws there 

are relatively strict concerning the return of land to its original 

appearance.

Land strip mined in Ohio prior to 1972 has been classified into 

six categories ranging from "active strip mining areas" (Class I) to 

"refuse piles scattered throughout the state" (Class VI). In Ohio, 49 

percent of the mined land has been "properly reclaimed" (Class II) for 

an average cost of $250 per acre. Although some mined lands have re

habilitated naturally, it is generally true that the longer mined 

spoils sit idle, the more costly they are to reclaim as spoil material 

tends to consolidate as a function of time and moisture. This is borne 

out by the fact that "strip mined land needing extensive reclamation" 

(Class V) cost an average of $2,500 per acre to reclaim while Class VI 

lands required over $3,000 per acre for restoration (Carter et al.
1974).

Equipment Considerations

Since the ultimate aim in strip mining is the removal of over

burden at the lowest possible cost, productivity has traditionally been 

evaluated in terms of the amount of material removed in a given period 

of time, but the placement of that material has been disregarded. 

Today's reclamation standards, however, have shifted the emphasis some

what to determining the most cost-effective method of uncovering coal 

while selectively placing the overburden to meet the standards. As a
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result, the post-production or reclamation capabilities of earthmoving 

machinery have lately been weighed heavily by operators when selecting 

the equipment.

In their Soil Overburden Analysis Program, Amax did an exten

sive study on the relative ability of equipment to place overburden 

selectively. A summary of the program's results is shown in Table 4 

(Ralston and Wiram 1978). From those findings, it can be seen that no 

piece of equipment is best for all situations. This applies to equip

ment used for removal as well as that used to replace overburden.

Because of its flexible operating characteristics, the dragline 

has been used much more than the stripping shovel in midwestem coal 

operations. A dragline can dig well in somewhat consolidated and un

consolidated material whereas a shovel performs best in thick, con

solidated strata. If no topsoil separation is necessary, a stripping 

shovel can place overburden such that it can easily be regraded. How

ever, if soils must be stripped and replaced selectively, neither 

machine is overly cost effective. The dragline operator's ability to 

delineate and separate desirable material often determines the success 

of revegetation efforts. Should the stripping shovel dig shallow, 

xmconsolidated material at maximum depth, bedrock is often mined with 

glacial drift. In such a case, additional soil must be hauled in to 

cover the prevalent rocks (Ralston and Wiram 1978).

Bucketwheel excavators (BWE) were designed to handle the upper 

one third of the overburden, leaving the lower, consolidated material 

to be removed by draglines or stripping shovels. This combination has 

proven successful to depths of 120 feet although BWE's have cut through



Table 4. Relative Ability of Equipment to Place Overburden Materials Selectively* 

(Ratings: 4 - Good, 3 - Fair, 2 - Poor, 1 - Not Suited)

Direct Cast Haulback

Overburden Material Dragline Shovel BWEa Scraper Truck*) Belt*)

Unconsolidated Material
Darkened surface soil (1 foot thick) 2 2 2 4 2 4
Subsoil (4 feet thick) 2 2 4 4 2 4
Glacial drift
No boulders 3 2 4 4 2 4
With boulders or cemented layers 3 2 1 1 2 2
With plastic clay 3 2 3 3 2 2
Unstable conditions (highwall and spoil slides) 3 1 4 4 2 4

Bedrock Material
Soft (shale and weathered rock) 3 2 2 2 4 2
Hard (sandstone, siltstone, and limestone) 3 2 1 1 4 1
Undesirable materials0 3 2 2 2 4 1

aBWE - Bucketwheel excavator (single unit that both excavates and places overburden materials).

^Small bucketwheel excavator, front-end loader or shovel used to load truck or conveyor belt hopper. 
Stacker spreader used to distribute material from belt.

cUndesirable materials denote overburden strata which are high in acid-producing compounds, soluble 
salts, or soluble trace elements.

*Ralston and Wiram 1978, Table 2, p. 21.
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overburden 200 feet thick (Marston 1976). If the BWE is engineered to 

the proper overburden, it is the most efficient method of selectively 

placing subsoil and glacial drift materials. However, if there are 

intermittent hard and soft layers with random boulders, such as in the 

Powder River Basin of Wyoming, a BWE can expect to encounter high main

tenance costs, and therefore poor efficiency (Ralston and Wirara 1978).

According to Griffin (1974), two bucketwheel excavators could 

be used simultaneously under the proper conditions. One could remove 

overburden while the second, behind the first and at a lower level, was 

digging coal. Coupled with the proper shiftable conveyor system, coal 

could be fed to the crusher while overburden was being replaced by a 

stacker. Griffin claims the system would eliminate the rehandling of 

spoil, would disturb only a small amount of area at a time, and could 

operate cheaper than any other conventional equipment.

Concerning the hauling of overburden, scrapers, trucks, and 

conveyor systems, all have areas of effectiveness as well as limita

tions. Because scrapers can load themselves and dump "on the fly," a 

great deal of material can be moved in a short amount of time with no 

need for auxiliary loaders. However, scrapers do not work well in all 

circumstances. In addition to the fact that they cannot economically 

haul material much farther than a mile, wet material often sticks to 

the sides of the scraper, thus preventing the machine from dumping its 

payload.

Trucks can be very effective in placing overburden selectively 

where climate conditions are favorable. However, trucks do*require 

good roads and are less maneuverable than scrapers. Conveyors have, in
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the past, been avoided in some operations because of their high initial 

cost and relatively permanent placement. Recently, though, legislation 

concerning the strict replacement of soil materials has made the low 

unit cost hauler more popular. A problem that still must be solved is 

the placement of the conveyor system such that it does not interfere 

with mine operations (Ralston and Wiram 1978).

The final costs associated with overburden placement concern 

grading or recontouring of the land. Since 1971, Pittsburg and Midway 

Coal Company has been actively engaged in experiments dealing with 

earthmoving tools. At their McKinley Mine in southeastern Kansas, they 

have tested bulldozer attachments. One of these is a 40-foot angle 

blade called the "Big-Dude.*1

The "Big-Dude" is mounted on a Caterpillar D9G tractor and is 

towed on the left flank via a 2-inch cable attached to the blade. The 

blade can handle 5,500 bank cubic yards (BCY) per hour with peaks to 

9,000 BCY per hour under ideal conditions ("Surface Mining of Coal" 

1974). In addition, surface material can be mined for approximately 

$.015 per BCY compared to $.040 to $.060 per BCY for material moved 

with conventional equipment in the construction industry (Chironis 

1973).

Another Pittsburg-Midway tool is a 24-foot V-plow named the 

"Veep." This plow is also mounted on a Caterpillar D9G tractor but 

requires no assistance from a second machine. The "Veep" was designed 

to do the initial leveling of spoil piles before the employment of 

conventional bulldozers. Advantages include its ability to work in
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relatively little space along the ridge crests of overburden piles and, 

like the "Big-Dude," its high earthmoving capacity per hour (Howland 

1975).

Costs of reclamation, then, can only have meaning when they are 

viewed with the proper perspective. This was illustrated in separate 

earthmoving studies done by Persse, Lockard, and Lindquist (1977) and 

Kennedy et al. (1977). Persse and his team referred to the Caterpillar 

Performance Handbook, talked to equipment manufacturers and dealers, 

and read company brochures as well as papers available to the public. 

Although they did not detail costs for earthmoving per se, this team 

found total reclamation costs to vary between $.06 and $.84 per ton of 

coal mined. The higher costs were incurred by operators who spent the 

greater part of the reclamation effort on backfilling and grading.

After conferring with mining engineers and operators, Kennedy con

sidered the earthmoving costs presented in Figure 5 and Table 5 to be 

the best estimates available. He felt that equipment estimates 

garnered from manufacturers tend to be lower-than-average figures as 

they are based on optimum working conditions with the best operators.

In conclusion, it must be emphasized that reclamation programs 

can only be optimally cost effective if the proper equipment is matched 

to the set conditions at a given mine. Ralston and Wiram (1978) felt 

that even the best piece of equipment will fail if used in unsuitable 

overburden conditions.
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Table 5. Range of Costs for Earthmoving Using Bulldozers* 

(Cents per Cubic Yard)

Source Effort 50
Distance 

100 150
Moved

200
(feet)

250 300

Consulting Easy 6 10 12 14 16 18
Engineer Difficult 14 16 18 20 22 24

Mining Easy 5 10 WWW mtm mm WWW 30
Industry Difficult 10 15 — — — — — — 40

Equipment
Manufacturing Easy 2 2.3 3.4 4.6 6.0 6.8
Industry Difficult 4 4.6 6.3 8.2 9.8 10.0

♦Kennedy et al. 1977, Table 5.3, p. 31.



CHAPTER 4

RECLAMATION ALTERNATIVES FOR NON-COAL SURFACE MINES

Subjecting the operators of non-coal surface mines to the rec

lamation criteria pertinent to surface coal mines would be totally 

infeasible, especially in the nation’s huge open pit taconite and por

phyry copper mines. For example, Phelps Dodge Corporation recently 

suspended operations at its Lavender Pit at Bisbee, Arizona. The pit 

had produced 364 million tons of material but had become unprofitable 

to operate. A cost estimate to reclaim the pit by backfilling with 

waste material amounted to $100 million (O'Neil 1977).

Although coal can be visibly delineated, a metallic ore body 

usually cannot be discerned from the waste rock surrounding it. The 

reason is that the quantity of metal compared to gangue is relatively 

small in iron ore and smaller still in porphyry copper, lead, gold, or 

uranium. In addition, whereas coal is normally removed totally from 

an area during mining, mining limits for metallic ore deposits are 

generally determined by economics rather than geologic structure.

The grades of metallic mineral deposits frequently decline 

gradually from a high grade core. Because the lower grade deposits are 

found in the outer concentric bands, the pit will only be mined to the 

lower grade limits if economics are favorable. If a market for a 

mineral becomes depressed, production in certain mines may have to be 

curtailed for a period of time due to economic reasons. Should that
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mine be backfilled, it is unlikely that it would ever be economical to 

reopen the mine to extract the lower grade ore (O'Neil 1977).

At U.S. Steel's Minntac Mine in northern Minnesota, for 

example, the Lower Cherty 2 (LC2) formation is not ore at present but 

may be at some future time (see Figure 6). Consequently, ore is cur

rently mined to the top of the LC2 formation.
Topsoiling is an effort to reestablish the soil profile after 

mining. A National Academy of Science study indicated that there is 

little to be achieved by saving the surface soil and placing it over 

spoil if the soil profile is poorly defined, as it is in arid lands 

(Wahlquist 1976). Therefore it would be useless to attempt topsoiling 

at open pit copper mines in arid regions.

Considering the differences in ore, climate, soil conditions, 

and mining methods, non-coal surface mines obviously cannot be rehabil

itated in the same manner as coal strip mines. However, that does not 

mean that hardrock mines need be considered final uses for land. With 

proper planning, any surface mine can be useful after the termination 

of mining activities. Despite no legal mandates to do so, many non

coal surface, mines have conducted their own end use projects. Follow

ing are examples of reclamation which focused on revegetation as well 

as operations that have been developed or planned to be useful after 

the discontinuance of mining.
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Revegetation Emphasized

Climax Molybdenum

The largest molybdenum mine owned by Amax is the Climax mine in 

central Colorado which has been in operation since 1918. Mining, for

estry, and railroad activities in the area date back to 1859. The 

scarred landscapes and tailings dams left by those operations became 

the problem of Amax when it purchased the land on which they were 

located.

For each 10-acre plot of the company's 11,000 acre Climax prop

erty, Amax has conducted a computerized inventory of the plot's vege

tative possibilities. The ultimate goals upon completion of mining at 

Climax are to stabilize all derelict areas with overburden and vegeta

tion, convert part of the area to roadside parks, rock-face the dams, 

remove all buildings, and revegetate those locations ("Openness, 

Cooperation —  Keys to the Amax Environmental Program" 1972).

Tailings Revegetation

In the late 1950's, Miami Copper Company in Miami, Arizona 

abandoned its Solitude tailings pond as it was filled to capacity. 

Because relatively little was known about revegetating such areas, the 

company planted a varied mixture of seeds over the 400 acres of the 

pond. Their hope was to establish a vegetative cover that would blend 

with the surroundings, but one that would not require irrigation or 

other special treatment. The immediate problem was to stabilize the 

surface to halt the blowing of tailings dust (Peplow 1970). With the 

aid of 1972 photos taken of the Solitude pond by a U.S. Air Force U-2
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reconnaissance plane, it could be seen that the plant cover was not as 

healthy as that established in the 1950's. However, the vegetation 

appeared to completely cover the pond and to protect the tailings from 

wind and water erosion.

In addition to Miami Copper, other copper companies have been 

successful in their revegetation efforts. Due to undependable rainfall 

and the steep slopes of the tailings dams at their Sacaton Mine,

American Smelting and Refining Company (Asarco) originally had problems 

revegetating such structures. Sprinkler systems were tried but re

jected as Asarco felt that they used too much water and intensified 

erosion. The company now uses drip irrigation which uses one to two 

gallons of water per hour. The new system is durable and portable but 

initial costs are high for areas with dense plant cover as an emitter 

must be located at each plant. During the first year, plants are 

watered for eight hours twice a week. This allows them to grow to as 

large as four times their original size within that year. The plants 

are slowly "weaned" during the second year of growth so they will be 

able to survive on natural rainfall (Bengson 1976).

The Cyprus-Pima mining company built the retaining dikes of 

their tailings dams from the coarse fraction of the mill tails. Be

cause the tailings are nutritionally sterile, company agronomist Ken 

Ludeke had to generate a soil-forming process. Over a span of eight 

years, sewage effluent, manure, and plant waste such as cotton gin 

trash were mulched into the tails. Ludeke's goal was 100 percent cover 

on the tailings dams. At present, he has achieved 98 percent coverage 

with plants that do not require irrigation after the first two years of
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growth. In 1968, the mine's reclamation cost was $2,300 per acre. Due 

to extensive research, the cost is now $560 per acre. If the new spe

cies of Barley Grass and Blue Panic Grass prove successful, it is be

lieved that the cost can be further reduced to $200 per acre (Ludeke 

1977).

In the same district as the Cyprus-Pima Mine is the Twin Buttes 

Mine operated by the Anamax mining company. Preproduction stripping 

amounted to 230 million tons of alluvium so the company utilized the 

material to enclose tailings. Because of the successful revegetation 

of their dikes, the Anaconda Company, then sole operator of the mine, 

was honored as the Arizona Conservation Organization of the year in 

1966 (Peplow 1970).

Kennecott Copper Corporation in Nevada has experimented with 

both chemical and vegetative stabilization of tailings. At their Ray 

Mines division in Arizona, the same company redesigned the entire tail

ings disposal operation for increased stabilization and beautification 

(Peplow 1970).

Although open pit copper mines have been very active in their 

efforts to revegetate tailings ponds, other surface mines have been 

equally active. In northern Minnesota, Erie Mining Company has had 

deer and wild geese visit their revegetated tailings pond. Phosphate 

companies such as J. R. Simplot and Monsanto have had success with such 

efforts in Idaho (Peplow 1970).

Though on-land disposal of oil shale tails may not be permitted, 

reclamation studies have already been done. Researchers from Colorado 

State University, the University of Colorado, and the Colorado School



of Mines studied the vegetation possibilities of oil shale in the 

Piceance Basin of northwestern Colorado. The team studied 200 test 

plots to find plants suitable for tailings vegetation ("Oil Shale Pro

gram’s Effect on Land Studied" 1976).

Florida Phosphate Mining

In areas not immediately scheduled for mining in Polk County, 

Florida, phosphate miners have planted more than 1,000 acres of pine 

seedlings per year. Mining is selective so as to disturb as little 

land as possible and all mined land is reclaimed except areas needed 

for settling waste colloidal clay and for water conservation basins. 

While most reclaimed areas are used for farming purposes, areas have 

been used for residential inhabitation, youth camps, and industrial 

sites. One phosphate company reclaimed and donated to Polk County a 

740-acre tract now known as Saddle Creek Park. The park is equipped 

with nature trails, camping facilities, and a boat marina (Reed 1970).

Mining as a Temporary Land Use

Truck traffic, noise, and vibration from blasting, site appear

ance, and dust are just some of the nuisance factors associated with 

mining operations. Because the social climate can greatly influence 

legislation regarding surface mining, it behooves operators to reduce 

such factors by engaging in post-mining land development (Coates 1975). 

Realizing this, many mine operators, faced with an exhausted mine, have 

turned potential wasteland into useful real estate. In recent years, 

mines have been planned and operated to accommodate end uses.
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Utilization of Mined Areas

Mine operators have proven that end use possibilities for an 

area are only as limited as their imaginations. Glenridge Quarry, a 

former limestone excavation with an area of 107 acres, has been pro

posed as a landfill site for the city of St. Catherine's, Ontario.

The quarry can accommodate up to three million cubic yards of solid 

waste. Upon completion of the landfill operations, a regional park is 

planned for the site.

Near the former village of Byron, Ontario, a 196-acre site was 

planned for rehabilitation while at the midpoint of the extraction 

sequence. After-use proposals included 23 acres of housing adjoining 

an existing residential area, a 35-acre lake, and a snow ski facility 

(Coates 1975).

American mining companies have also had success reusing their 

land. American Aggregate Corporation reclaimed a former sand and 

gravel operation for use as a residential area in Indianapolis called 

"Little Venice." Lone Star Park in Dallas used to be a cement plant 

and quarry owned by Lone Star Industries (Steam 1974).

In the early days of mining at Bunker Hill in Idaho, jig tail

ings were pumped into a large flat on the outskirts of Kellogg, Idaho. 

After many years the area was leveled to serve as the county airport.

In the late 1950's the airport was moved so that Bunker Hill could mine 

the old jig tails. Mining was completed in 1970 and a 70-lot, FHA- 

approved subdivision has been developed on part of the former tailings 

area. The remainder has been committed for a shopping center, a new 

junior high school, and a 40-unit apartment complex (Peplow 1970).
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Of all mining activities, dredge mining is thought by many to 

be the most damaging to the environment. The spoils seem to have no 

form, are often rocky, can be extremely unsightly, and therefore have 

no apparent future use; an ugly scar of mining exists. However, the 

dredging of the auriferous gravels from the lower Nechi River in 

Colombia has actually created agricultural and residential land supe

rior to that which previously existed. To a degree, the unique use of 

dredge tailings stems from their physical properties, particularly the 

ratio of clay to gravel. Upon inversion due to the dredging process, 

the clay in the core of the tailings provides a medium for plant growth 

while the gravel cap maintains tailings form and offers protection 

against weeds. Most of the dredge tailings are planted with plantain, 

a green cooking banana which is the dietary staple of the region. The 

plantain are planted directly behind the dredging stacker and can be 

harvested in six to nine months. Besides agriculture, other benefits 

include free occupancy to settlers, safety from floods, and easy access 

to the river which is the main line of communication (Shlemon 1976).

Preplanned Rehabilitation

Companies that have created useful land from abandoned mines 

must be commended for their initiative. However, Ramani et al. (1977) 

feel that reclamation efforts initiated after the cessation of mining 

activity serve a more limited land use than those planned prior to 

mining. Distinct advantages of the preplanned as opposed to post

mining reclamation include more efficient use of equipment and 

personnel, minimized movement of overburden, maximum use of fill



material, and the increase of post-mining land values (Schellie and 

Bauer 1968).

Hydrology should be a prime concern in preoperational planning. 

Special attention should be given to the watershed boundary and how it 

will be affected by the dumping of overburden. In addition, discharges 

from the dumps should be anticipated (Herricks, Cairns, and Shanholtz 

1974). According to Reilly (1965), a well-planned reclamation project 

must also consider economics, revegetation, erosion, and aesthetics.

Some of the best examples of preplanning have been demonstrated 

by Amax. While designing the Urad Mine in central Colorado in 1963,

Amax encountered tailings problems. To avoid contaminating Woods and 

Ruby Creeks, the company placed the main crusher underground and re

routed both creeks before placing the tailings pond in Woods Creek 

Valley ("Openness, Cooperation--Keys to the Amax Environmental Pro

gram" 1972). Learning from the Urad experience, Amax investigated all 

avenues to plan for what is probably the finest environmental under

taking of any mining company to date, the Henderson Mine, just miles 

from the Urad operation.

As in the Urad project, the largest problem facing the 

Henderson was the placement of the tailings facility such that the 

scenic beauty of the area would be preserved. To help solve the prob

lem, Amax met frequently with environmentalists from such organizations 

as the Thome Ecological Foundation, the Colorado Open Space Council, 

and the Rocky Mountain Council on Environment (Peplow 1970). The tail

ings site agreed upon by all parties was located 14 miles from the main 

shaft and on the opposite side of the Continental Divide. In an
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unprecedented effort, a 9-mile adit was driven so molybdenum ore could 

be hauled from the main shaft to the mill, also on the opposite side of 

the Continental Divide. Tailings could then flow from the mill to the 

distant impoundment. In addition to the tailings dam, Amax also routed 

their access roads to cut less timber, transplanted 850 trees to 

another location, and zigzagged their power lines to leave as many 

trees standing in a line of sight as was possible ("Openness, Coopera

tion —  Keys to the Amax Environmental Program" 1972).

Elsewhere in Colorado, the Idarado Mining Company announced a 

master plan in 1970 that centered around a 125-acre tailings site. The 

pond was designed to be surrounded by a golf course, commercial sites, 

residential areas, and an extensive greenbelt space (Peplow 1970).

Within the Canadian city of Ottawa, a project called Aquatic 

Park was planned prior to mining a shale deposit. Because the water 

table in the proposed mining area was high# the pit was designed to 

include a lake after the completion of excavation. Also planned were a 

park surrounding the lake and agricultural land (Coates 1975).

In Australia dredge mining leases issued by the New South Wales 

Department of Mines carry special conditions covering recontouring, 

overburden replacement, and the revegetation of mined lands. Should a 

mining company fail to meet its reclamation obligations, bonds are held 

to meet the cost of having the work done by the government. These 

specifications are imposed because of the increased susceptibility of 

the sand dunes to erosion after mining.

Early attempts at restoration of the dunes failed because the 

environmentalists did not realize the significance of topsoil



replacement or proper fertilization. However, in 1951, the New South 

Wales Soil Conservation Service (SCS) implemented regulations concern

ing the storage of topsoil prior to mining, as well as recontouring 

regulations. The SCS also began using brush matting and temporary crop 

cover as opposed to the previously used brush fencing.

- Because of stringent mining laws and cooperation from the 

mining, companies, land which once included only sand dimes is now used 

for village extensions, other building developments, pastures, nature 

reserves, and national parks (Quilty and Reid 1975). Although reclama

tion was required by the government, plans for rehabilitation were sub

mitted prior to mining, thus allowing flexibility in determining end 

land uses.
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CHAPTER 5

PREPLANNING FOR AN OPEN PIT COPPER MINE

The previous chapter outlined efforts of hardrock surface 

miners to revegetate their dumps and tailings ponds such that those 

waste disposal areas would blend more easily with the surrounding 

landscapes. Efforts were also made to more creatively use the flat 

land resulting from the disposal of overburden and tailings. However, 

it was noted in Chapter 4 that the mines which serve the best post

mining land uses are those that have been preplanned to incorporate 

such end uses. To more fully explore such a philosophy, an interdisci

plinary team from The University of Arizona conducted a study during 

1974 and 1975 of six open pit copper mines in the Santa Cruz River 

Basin south of Tucson, Arizona for the purpose of investigating both 

interim and end use possibilities for mine waste disposal areas. Among 

other reasons for the study, it was felt that alternatives for such 

waste areas would be more socially acceptable than barren dumps or 

tailings ponds. The team, known as the Mines Project Group, consisted 

of architects, engineers, and hydrologists. As it would have been 

economically infeasible to move the existing waste rock dumps or tail

ings ponds, preplanning was limited to the disposal of waste generated 

after the inception of the project.

To better present their concepts, architecture professors 

Kenneth Clark and Fred Matter constructed a large scale cardboard

59



60

relief model of the mines and the surrounding Santa Cruz River Valley 

(Matter 1977). The model was built at a scale of 1 inch = 1,000 feet 

with 100-foot contour intervals and covered an area of 25 miles by 20 

miles in scaled area. The mines being studied were cut into the model, 

but the proposed waste dumps and tailings ponds were built separately 

so different disposal configurations could be evaluated.

The Santa Cruz study included short-range objectives to be 

achieved while mining was in progress and long-term goals for land use 

after the completion of mining activities. One short-term goal in

volved vegetative strips and surface water catchment basins (Matter 

et al. 1974), while a long-term alternative was the development of 

semi-independent foothills made from controlled overburden dumping. 

According to O'Neil and Matter (1976, p. 8), "Each of the foothill pods 

would create near-optimum size neighborhood subdivisions. Major access 

roads would be confined to valleys between pods, thereby minimizing 

traffic noise in the residential areas." Other possibilities after 

mining ceased included pump-storage power generation sites and.a large- 

scale water catchment area.

One advantage of the Santa Cruz study was the flexibility which 

the models afforded. By making movable dumps based on mining company 

overburden projections, the planners could easily see the impact of 

different short and long-range schemes. In addition, the interdisci

plinary nature of the project encouraged contributions from many dif

ferent viewpoints. People in one particular field tend to have a 

limited perspective concerning end uses for land, often not
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understanding the impracticality of their ideas in terms of engi

neering, economics, or social acceptance.

Because of its realistic approach concerning the potential en

vironmental contributions available to surface hardrock miners and the 

visibility afforded by the model, the 1974 study was well-received by 

mine reclamation experts. Implementation of the plan, however, met 

many obstacles which included the following:

1. Land Exchanges: At the time of the 1974 study,

water litigation was at its peak in Tucson, a city 

which is totally dependent upon a groundwater source 

for water. Competition for water between the city 

and agricultural and mining interests had become so 

great that mining companies had begun to purchase 

land solely for the water beneath it, even though 

the legality of transporting water beyond the bound

aries of that land had yet to be established. To 

meet end use objectives, close cooperation would 

have been necessary to insure the successful nego

tiation of certain land trades affecting such 

groups as the Papago Indian tribe, the Farmers 

Investment Corporation, the State of Arizona, and 

private individuals. However, because the four 

companies and six mines involved feared the loss of 

their water rights if such land trades were enacted, 

property ownership maintained a status'quo.
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2. Existing Operations: The Santa Cruz study commenced

after all six mines were in operation. Waste dis

posal had been conducted not for a predetermined end 

use, but for the most economical operation of the 

mines under the prevailing constraints. As a 

result, the Mines Project Group had to accept the 

existing dumps and incorporate them in their pro

posed designs.

3. Conceptual Plans: The end use plans proposed by

the Mines Project Group were mainly conceptual in 

nature. Little engineering analysis was done so 

the operators could only guess as to the costs of 

implementation.

4. Depressed Market: The long-term depression of the

domestic copper market forced operators to cut 

costs wherever possible. Thus, the main emphasis 

necessarily was to maximize the efficiency of 

operations, which unfortunately discounted some 

long-term benefits.

Although the plans for the waste disposal schemes in the Santa 

Cruz study were never implemented, the members of the Mines Project 

Group felt there was a great deal of merit in the idea of end use plan

ning. The feeling was that waste rock dumps and tailings dams could 

be designed that could actually enhance the future land value of mined 

regions. The waste disposal areas could be constructed to form recrea

tional or industrial sites that would be needed but would be too costly
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to build otherwise. However, because of the problems encountered in 

the first study, the group felt maximum benefits could be realized if 

only one mine was involved— a mine for which ground had not yet been 

broken.

In 1978, a southwestern copper mining company contacted the 

Mines Project Group to conduct a study of a proposed open pit copper 

mine. The mining company owned all the surrounding land proposed for 

waste disposal, and water litigation was not a problem. For these rea

sons, the Mines Project Group was able to explore more imaginative 

waste disposal concepts and did not have to design around existing 

dumps or tailings dams.

In the original study, the team felt that some of their plans 

might be more economical than the operator's waste disposal schemes. 

However, since the Santa Cruz study was only conceptual in nature, the 

potential cost savings were not calculated. An advantage of the 1978 

study was the engineering analysis performed, as part of this thesis, 

to evaluate the costs of alternate waste rock disposal and tailings 

pond plans. The analysis proved that an alternate waste disposal plan 

could be constructed at a lower cost to serve a better end land use 

than the operator's original plan. Following is a description of the 

economic study as well as the costs and future use evaluations of 

three waste placement proposals.
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Method of Analysis

Significant Costs

In Chapter 3, costs of reclamation in the surface coal mining 

industry were discussed. The costs varied a great deal depending upon 

the climate, soil conditions, and the desired post-mining land use. 

Because of the reclamation standards imposed on the surface coal indus

try in recent years, many mines have been reclaimed. As a result, cost 

distributions are becoming more readily available for any given degree 

of surface coal mining reclamation. However, such distributions do not 

exist for the non-coal surface mining industry.

As was noted in Chapter 4, it is impractical and most often 

uneconomical to reclaim non-coal surface mines in the conventional man

ner. Instead, a desirable end use is most often attained when the mine 

is preplanned to accommodate that use. Because this has seldom been 

done, there is very little information concerning the additional costs 

incurred by a company to dispose of waste such that a post-mining use 

will exist. Cognizant of this, the Mines Project Group attempted to 

identify the costs which would vary significantly with different waste 

disposal schemes.

At most mines, the location of the concentrating facilities has 

a direct bearing on the location of the tailings pond, as it is most 

economical to let tailings be carried by gravity to the disposal area. 

However, unless dumps are proposed over the planned site for a mill, 

most waste rock or overburden disposal areas can be altered at will 

with little effect on the plant's location. In other words, if
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tailings areas are altered from the original plan, they must be located 

at a lower elevation than the mill. Also, even though dump configura

tions are changed, the costs of hauling ore to the mill should remain 

unchanged. Consequently, disregarding revegetation costs, it was felt 

that the costs of reclamation in a proposed open pit copper mine would 

be the difference in money spent to dispose of tailings and waste rock 

in a manner that was useful after the cessation of mining and the money 

spent to dispose of the material without considering future land use.

Incremental tailings disposal costs included in this study were 

limited to those required to transport reclaimed tailings water back to 

the concentrator. Tails are thickened to approximately 50 percent 

solids before flowing to the disposal facility (Mirabal 1978). In this 

case, a ton of water, or 240 gallons, flowed to the tailings pond for 

each ton of ore processed. However, since 30 percent of the water 

flowing to the tailings pond will evaporate or be retained, only 70 

percent of the original water in the tailings was considered to be re

cycled to the mill. The costs of pumping the reclaimed water varied 

with the distance from the pond to the plant and the lift involved.

Due to the site preparation required to build a starter dam for 

tailings disposal, as well as the cost of pipe for transporting re

claimed water, tailings disposal costs can contribute significantly to 

the total capital requirements for a mine. However, since the variance 

in tailings disposal capital costs was not thought to be significantly 

different between plans evaluated, these costs were not included in the 

study. A major contributing factor was the proposed method of allowing



66

the tailings to flow to the pond via a drainage ditch, thus alleviating 

the need for a tailings delivery line (Stanford 1978).

Concerning the costs of disposing of waste rock, only the 

ownership and operating costs of the primary loaders and haulers were 

considered. This did not cover all costs of waste rock disposal such 

as the building of roads or the need for auxiliary equipment, such as 

road graders or sprinkler trucks. It was felt that the difference in 

such costs between the given plans was minor compared to the costs of 

waste rock loading and hauling and the sponsoring mining company agreed 

with this judgment.

Simulation of Waste Rock Production

To assign costs to a given plan of waste disposal, the volume 

of material handled must first be known. The mining company involved 

in the study had previously contracted with a consulting firm to deter

mine mineable ore reserves at given cutoff grades as well as necessary 

waste rock removal associated with the various grades. Although ore 

was to be removed at a constant rate over the life of the mine, the 

waste rock removal was broken up into five time periods which collec

tively covered the mine life. The amount of rock involved in these 

periods varied considerably. The consultant's mining plan formed the 

basis for the subsequent cost analysis.

Knowing the waste rock volumes generated for each of the five 

periods as well as the proposed mining plans involved, a center of mass 

was determined for the waste rock removed. It was then necessary to 

determine a center of mass for the dump where the rock was to be '
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deposited (see Figure 7). This was relatively straightforward when 

analyzing Alternative I designed by the consulting firm as the plan 

detailed the tonnage allotted to each dump. However, to determine rock 

dumps for the other alternatives, the planned dumping areas first had 

to be examined to ascertain whether the proposed plans included enough 

volume to accommodate the waste rock removed. Once the proper volume 

was verified, the dumping area was divided into smaller dumps to fit 

the rock generated in each of the five different time periods of the 

mine life. The center of mass of these dumps was then found.

To determine the cost of moving blasted material from the pit 

area to a given dump, a system which involved the equipment used to 

load and haul the waste rock had to be evaluated in terms of rock pro

duced in an increment of time. Since the production system utilized 

loading and hauling machines, it was first necessary to calculate the 

cycle times of the haulage equipment. Normally haul road configura

tions change quite frequently, so it was only practical to begin pro

duction simulation by outlining a realistic average haul road for a 

given time period from the center of mass of material to be removed to 

the center of mass of the dump. It was for this reason that centers of 

mass were found for the given alternatives.

Before the availability of computers, cycle times were deter

mined by hand, incorporating the speed-rimpull characteristics of the 

equipment involved as well as average haul road grades, load weights, 

and load and dump times. This method was not only time-consuming, but 

it also gave only average results based on average conditions.
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Center of mass for excavation

Center of mass for dump

Figure 7. Centers of Mass for Excavated Area and Dump
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Programs were subsequently written to improve on the manual calcula

tions, but some of those were designed for only normal conditions.

Prior to the haul cycle computer program written by Kim and 

Dixon (1977), only a handful of haul cycle programs were able to in

corporate the effects of switchbacks or intersections in the haul road. 

These items can have significant impact on cycle times as they often 

involve stopping points, which in turn mean deceleration followed by 

acceleration of the haul vehicle. Although Program DCYCLE can use load 

weight as well as dump time probability distributions, only the latter 

distribution was given a range of values as opposed to an average 

figure. The dump time probability was employed via Monte Carlo simula

tion to give more realistic cycle time results (Kim and Dixon 1977).

The results of the DCYCLE program, as shown in Figure 8, were 

used as input to PITSIM, a simulation program also written by Kim and 

Dixon (Kim and Dixon 1977). This program incorporates the GASP IV 

simulation language to perform the bookkeeping logic of the simulation 

operation. Because GASP IV is a FORTRAN-based language, no special 

compiler is required for its utilization (Kim and Dixon 1977).

Program PITSIM has the capability of quickly giving realistic 

production and availability figures for different mixes of equipment 

and material handled. Although dispatching, sensitivity analysis, 

backup loaders, and multiple dump points are options of the program, 

they were not used in this study. Only waste production was simulated 

with all production considered to be originating at the excavation 

center of mass. One dump point was also common to all trucks and pas

sing on the haul road was allowed.



FINAL RESULTS OF SIMULATION

TRUCK TYPEi UNIT RIG M-lOO LECTRA-HAUL M/DDAD16V71T 700HP ENGINE: TYPE #T

RUN TIME DUMP TIME TOTAL
NO. TO TIME FROM TIME

Ore Period 1— "Dump
_Dump

No. 1 
No. 2

1
2

2.87
4.22

1.45
1.43

2.67
2.35

6.98
8.00

Ore Period n Dump No. 1 3 4.93 1.41 4.13 10.46Z — Dump No. 2 4 4.86 1.45 4.28 10.59
Ore Period 3 — Dump No. 1 5 5.63 1.37 5.24 12.24
Ore Period 4 — Dump No. 1 6 8.50 1.44 9.96 19.91
Ore Period 5 — Dump No. 1 7 10.38 1.45 5.37 17.20

Figure 8 DCYCLE Output



The main input parameters to Program PITSIM are distributions 

for cycle times, load times, load weights, and dump times, as well as 

shovel and truck availability figures (Kim and Dixon 1977). For the 

open pit copper project, the cycle time was made deterministic by 

assigning the result of the associated DCYCLE run as the mean, minimum, 

and maximum value of the distribution. Load times were set at 2.00 

minutes while dump times were set at 1.41 minutes, based on results 

from Program DCYCLE. Load weights were distributed according to empir

ical results obtained from an open pit mine using the same trucks as 

those used for simulation (Graham 1974).

The open pit study was enhanced by PITSIM due to the program's 

method of determining machine downtime. Machine availability figures 

were used as opposed to time probability distributions, but avail

ability still varied according to Monte Carlo sampling based on 

availability figures. For example, a truck rated at 70 percent avail

ability would be calculated to work exactly 70 percent of the time 

under a hand simulation method. Utilizing PITSIM, however, each time a 

truck is to be loaded, a uniform random number between 0.00 and 1.00 

is sampled. If the random number selected is equal to or greater than 

.75, the availability of the shovel ready to load a truck, that shovel 

is shut down. Downtime is then determined as follows:

Downtime = (SNOW - SLAST) x (1.0 - SHVAV) 

where: SNOW = Current time of shovel

SLAST = Time when shovel was returned to
service following the last breakdown

SHVAV = Availability of shovel = .75

71
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This algorithm results in the length of a breakdown being directly pro

portional to the length of the operating period immediately preceding 

the breakdown, a reasonable assumption in the absence of historical 

breakdown information.

Once the shovel is selected, the truck file is searched for a 

suitable truck to serve the shovel. The truck availability is checked 

by the same method as was the shovel availability. If the truck is 

broken down, its downtime is determined by the above method. Downtime 

statistics can be collected and displayed in the final output. Also, 

by specifying a minimum downtime, duration and occurrence of breakdowns 

can be realistically approximated (Kim and Dixon 1977). According to 

the authors of PITSIM, this method maintains availability figures for 

each machine while employing the element of randomness.

The results of a typical PITSIM run simulating 2 shovels and 

11 trucks in an open pit copper mining operation are shown in Figure 9. 

As previously mentioned, each of the five time periods of the mine life 

required a different volume of waste rock to be removed. The waste to 

be removed per day was calculated in tons, then converted to bank cubic 

yards (BCY) by dividing tons by 1.7 tons/BCY. Once the daily BCY 

requirements were known, different truck-shovel combinations were tried 

to achieve those requirements. Because the cost of operating a 15- 

cubic yard electric shovel is approximately three times that of operat

ing a 100-ton truck, the objective of simulation was to keep the 

shovels as busy as possible without sacrificing a great deal of truck 

waiting time. Because the same amount of waste material was moved in 

a given time period, regardless of the alternative analyzed, a given



RESULTS OF SIMULATION RUN 1

COAL PRODUCTION DURING SIMULATION (TONS) 
WASTE PRODUCTION DURING SIMULATION (DCY) 
TOTAL SHOVEL WAITING TIME (MIN.)
TOTAL TRUCK WAITING TIME (MIN.)
TOTAL TRUCK QUEUING TIME ON HAUL ROAD 
TOTAL NO. OF TRUCKS LOADED

INDIVIDUAL SHOVEL STATISTICS:

SHOVEL TOTAL
COAL
(TONS)

DAILY
COAL
(TONS)

TOTAL
WASTE
(DCY)

DAILY
WASTE
(DCY)

15 0. 0, 11285. 11285.
16 0. 0. 9401. 9481.

Figure 9. PITSIM Output

= 0.
Z= 20765.
sz 977.
zz 1661.
zz 0.
zz 392.

TOTAL 
DN TM 
(MIN)
185.7

DAILY 
DN TM 
(MIN)
186.
197.

TOTAL 
WT TM 
(MIN)
460.

DAILY 
WT TM 
(MIN)
460.

196.8 517 517



INDIVIDUAL TRUCK STATISTICSJ

TRUCK TOTAL
COAL
(TONS)

DAILY
COAL
(TONS)

TOTAL
WASTE
(BCY)

DAILY
WASTE
(BCY)

TOTAL 
BN TM 
(MIN)

DAILY 
DN TM 
(MIN)

TOTAL 
WT TM 
(MIN)

DAILY 
WT TM 
(MIN)

1 0 * 0. 1810* 1810. 261.2 261, 160, 160.
2 0, 0. 2008 f 2008. 234.2 234. 120. 120.
3 0, 0. 1867, 1867. 234.8 235. 158. 158.
4 0. 0. 1851, 1851. 258.7 259. 142. 142.
5 0* 0. 1900. 1900. 244.4 244. 140. 140.
6 0, 0. 1907. 1907. 234.5 234. 154. 154,
7 0. 0. 1967. 1967, 218,3 218, 145. 145,
8 0 * 0. 1793. 1793. 251,0 251. 170, 170.
9 0. 0. 2016, 2016. 212,8 213, 136. 136,

10 0» Of 1733. 1733. 268,0 268. 161, 161,
11 0. 0. 1915, 1915. 218.3 218. 174. 174.

Figure 9— Continued. PITSIM Output
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number of shovels should have been constant for that time period. 

However, due to rounding errors, shovel requirements varied between 

schemes, but never by more than one shovel. Because the correct num

ber of shovels could only be determined by interpolation and would not, 

in most cases, be an integer, the shovel requirements were allowed to 

vary between plans. Although shovel requirements varied, loading costs 

were very similar from plan to plan due to a factor incorporated into 

Program COST, which is discussed in the next section. Truck require

ments for a time period were a function of the cycle times calculated 

for that period.

Application of Ownership and Operating Costs

Once the truck and shovel requirements were determined, waste 

production costs were assigned to an alternative based upon the equip

ment involved. Engineers from industry were consulted to determine 

realistic truck and shovel hourly operating costs (Couzens 1978 and 

Stanford 1978). Ownership costs were obtained using the 1976 edition 

of the Caterpillar Performance Handbook (see Table 6).

Table 6. Waste Rock Disposal Costs

Cost Shovel Truck Conveyor

Unit Size 15 cubic yards 100 tons 10,000 tons/hour

Ownership
and $148/hour $65/hour $.15/ton

Operating

$1,300,000/shovelCapital
Investment $400,000/truck $1,400/foot
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A computer program named COST calculated the waste loading and 

truck haulage costs for each period as well as the total waste rock 

production cost for a given alternative. The cost of an alternative 

was largely dependent upon the capital cost of the equipment involved. 

Program COST incorporated these costs into a scheme during the time 

period when the equipment was originally needed. For example, if an 

additional shovel was required in the second time period of an opera

tion, the cost of that shovel would be part of the total cost of that 

time period in which it was purchased. To further make the results of 

the study more realistic, Program COST incorporated truck and shovel 

availabilities and utilized 3 shifts of 7 hours each with 50 working 

minutes to the hour.

As mentioned above, tailings disposal costs were limited to the 

costs of pumping reclaimed water from the tailings pond back to the 

mill. Costs of pumping reclaimed water for similar lifts and distances 

were obtained from industry personnel. These costs were then extrap

olated to fit the requirements of the current project.

Waste rock production costs were combined with tailings dis

posal costs to determine the total waste disposal cost for a given time 

period and for a given alternative. These costs were then discounted 

back to the present time to evaluate the net present cost for that 

alternative. Following are the evaluations of three waste disposal

schemes.
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Alternative I

As mentioned earlier, the first alternative examined was the 

plan designed for the mining company by the consulting firm. As shown 

in Figures 10 and 11, the waste dumps were designed to be as close to 

the pit as possible while maintaining a low profile. Although waste 

rock haulage costs were held in check by the proximity of the dumps to 

the pits, certain disadvantages accompanied this plan.

The dumps on the sides of the hills in Figure 10 had little re

use potential and were visible from a great distance. To achieve a low 

profile, the remaining dumps had to cover a great deal of land, which 

placed them very close to the present highway. Finally, the tailings 

pond associated with Alternative I utilized gravity flow and had 

approximately the same elevation drop as the pond used in Alterna

tives II and III; however, its location preempted possible future land 

uses for what is potentially valuable real estate.

Alternative I was used as a base to which other proposed 

schemes could be compared. Therefore, the plan's cost can only be 

evaluated when compared to the costs of the other schemes.

Although long-term reuse plans had still not been finalized, 

Clark and Matter prepared a chart of end use possibilities for the pit, 

dump, and tailings' areas of each alternative. Because of the flat- 

lying dumps which contained a great deal of surface area, the dumps and 

the pit area of Alternative I appeared amenable to activity which re

quired a great deal of space. Possibilities include sport racing, out

door warehousing, a guest ranch, water or solar energy production, or 

an outdoor mining museum. Depending on the existing water table and
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Figure 10. Alternative I Plan



Figure 11. Alternative I
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competency of the rock, the pit could possibly be used as a lake for 

water storage and recreation or for groundwater recharge. In all 

alternatives, the dumps could cover certain amounts of solid municipal 

wastes, especially if the dumps were revegetated and seepage was 

eliminated.

As with any tailings pond, few end land uses can be realized 

prior to the cessation of mining. However, the flat, level pond could 

eventually be used as a feed lot, a golf course, for row crop produc

tion, housing, a riding school, or many uses similar to those on the 

surfaces of the flat waste rock dumps.

Alternative II

Upon construction of the physical model of the mine site, it 

could be seen that the pit would be visible from a great distance as it 

extended up the side of one mountain nearly to the ridge line. To 

minimize the scar and still dump close to the pit, the study proposed 

the screen dumping plan shown in Figures 12 and 13. This plan involved 

the dumping of all waste rock in concentric semicircles around the 

front of the pit to a height of 500 feet. Furthermore the tailings 

pond for Alternatives II and III was to be located in a remote canyon 

hidden from the main highway and only slightly visible in the distance 

from the population center on the other side of the mountains.

Because the dumping area was so compact, it was found to cost 

less than the waste rock disposal of Alternative I. When no discount

ing was applied, waste rock and tailings disposal costs for the screen 

plan were only 92 percent of those for the plan designed by the



81



82

Figure 13. Alternative II
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consulting firm. Alternative II, however, cost 109 percent of the con

sultant’s scheme when net present costs were evaluated with an interest 

rate of 12 percent. This was mainly due to the longer truck haul re

quired in the second plan during the first ore year period as trucks 

could not dump on the sides of the hills as in the original plan.

The main advantage to placing the tailings pond in such a loca

tion was that the aesthetic quality of the area east of the mine was 

maintained as was the value of the grazing land where the tailings 

structure was originally proposed. However, the secluded location of 

the tailings pond did not preclude its end use as a golf course, an 

area for outdoor warehousing, a hydroponics farm, or a site for wind 

energy production as the newly formed land would be high, flat, expan

sive, and open to ample sunlight. The possibility also exists that a 

brick manufacturing plant could be located at any of the tailings sites 

as bricks have been successfully made from copper tails.

The pit area seems to have approximately the same post-mining 

uses for all the alternatives with the exception that solar energy pro

duction could be curtailed by the dumping configuration of Alterna

tive II as the screen would tend to shield solar collectors from the 

sun.

Alternative III

A third suggestion for waste rock dumping was to dispose of the 

material opposite the tailings pond located in the canyon. As can be 

seen in Figures 14 and 15, the rock dumps and tailings pond form a 

complete circle in plan view. The idea of the plan was to divorce the
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Figure 14. Alternative III Plan
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Figure 15. Alternative III
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waste sites from the active mining area so they could be used for 

housing or recreational activities while mining progressed. With such 

a waste disposal configuration, users of the newly formed land would 

be removed from the noise and hazards of mining. Should the pit have 

to be extended, no dumps would obstruct the expansion. If this design 

were to be employed, the tailings pond could also make a very fine 

recreation area or a complementary flat storage site for industry 

located on the waste rock dumps.

This plan, however, is not without its drawbacks. To reap the 

benefits of a waste disposal scheme compact and relatively far from 

the ore body, the operator has to pay the cost of moving the material 

a considerable distance. Because the Mines Project Group felt a 

conveyor-stacker combination would be more economical than truck haul

age, an engineer with a great deal of conveyor experience was con

sulted. The cost of moving a ton of material a given distance was 

found to be considerably cheaper by conveyor than by truck haulage. 

However, due to the great capital requirement for a conveyor system and 

the lack of lift involved, the cost of conveying the material the 

relatively short distance was more expensive than utilizing truck 

haulage. In addition, trucks would still have to haul the rock to the 

waste crusher pocket. Therefore, the conveyor scheme would still re

quire a great deal of mobile equipment. As a result, the cost of 

Alternative III was 135 percent of Alternative I. However, due to the 

tremendous amount of sunk charges paid for the conveyor equipment prior 

to mine start-up, the net present cost of this scheme was 164 percent
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of the original plan. Cost comparisons of all three alternatives are 

summarized in Table 7.

Table 7. Waste Disposal Cost Comparisons

Waste Disposal Scheme Non-Discounted Cost Net Present Cost

Alternative I 100% 100%

Alternative II 92% 109%

Alternative III 135% 164%

This waste disposal alternative has more potential post-mining 

uses than any of the other schemes due to its compactness and location.

A complete housing development might be possible on the rock dumps.

The location would be remote with varied recreational activities pos

sible on the tailings dam. However, it should be noted that the tail

ings pond could not be used in this or any other alternative until the 

cessation of mining as it must dry before any structures can be sup

ported. The rock dump would be stable very soon after dumping, but due 

to the circular motion of the stackers, the dump would be built in arcs 

to full height as opposed to horizontal layers. As a result, develop

ment could only be commenced on those areas dumped to a final elevation.



CHAPTER 6

CONCLUSIONS

Summary

For economic and safety reasons, surface mining accounted for 

two thirds of all worldwide mining activity in 1969 (Pfleider 1972).

In the United States, 95 percent of the total material excavated in 

1975 was mined by surface methods (Morning 1976). Associated with the 

increased land disturbance, though, has been growing public awareness 

of the environment which has included dissatisfaction concerning the 

way certain mining companies have left landscapes disfigured in the 

past.

The purpose of this thesis has been to put the treatment of 

disturbed land into focus by evaluating the possibility that surface 

mining can well be a temporary, rather than terminal, use for land. If 

properly planned, the terminal uses for a mined area can often provide 

significant social benefits as well as potentially higher land values 

at little or no cost to the mine operator. In addition to discussing 

the contributions of surface mining. Chapter 1 explained that more 

surface mining is on the horizon due to this country’s growing depen

dence on coal. Such awareness, as mentioned above, has caused the 

public to note reclamation efforts in the surface coal mining industry 

and demand more of the same, even on land mined and never reclaimed.

The public desire for reclamation was supported by McCarl (1971) who
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felt that the social costs of disturbed land should be internalized by 

the mining industry.

Such ecological awareness led to a legislative movement to in

sure that the quality of the environment would be upheld, and in many 

cases improved, following mining. Chapter 2 detailed the effect such 

laws have had on the mining industry. Because a great deal of the 

nation's surface mining effort has been in coal located in prime farm

ing areas, reclamation laws have, to date, concentrated on returning 

the land to agricultural use. As a result, states with reclamation 

legislation increased from 6 states in 1961 (Sawyer and Growl 1968) to 

38 by 1977 ("Declaration of Policy of the American Mining Congress"

1977). To further enforce reclamation, the Surface Mining Control and 

Reclamation Act was passed by Congress in 1977.

Although the reclamation laws do force the return of land to a 

useful state, many of the statutes seem to be somewhat arbitrary with 

little consideration given for the climate, topography, or soil condi

tions of the land. Along the same lines, the surface mining of non

coal minerals has not gone unnoticed, although few attempts have been 

made as yet to regulate such reclamation practices. As a result, the 

federal government has attempted to control non-coal surface mining 

not by the enactment of reclamation standards, but rather in a number 

of indirect ways, such as withholding mineral leases.

The fact is that any disturbed land can be returned to a useful 

state. In Chapter 3, examples were given of strip coal mines that have 

been reclaimed for agricultural purposes. Many of the vegetation
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efforts were successful due to the soil and climate conditions. The 

emphases of that chapter were:

1. Although some type of revegetation is nearly always 

involved, coal mined lands can make valuable end 

use contributions without the thrust of the recla

mation effort being centered around revegetation.

2. The best land use is realized when the mining 

operation is planned to accommodate a post-mining 

land scheme.

Finally, Chapter 3 described the range of costs associated with coal 

mined land reclamation and the factors determining such costs.

As mentioned above, few reclamation laws apply to the mining of 

non-coal minerals. Those that do apply to industrial minerals which 

basically are found in formations similar to coal. Because of the 

variation in depth, mechanics of ore deposition, and ore grade, it 

would be totally impractical to reclaim all surface mines by filling in 

the excavations and revegetating the lands. Some non-coal mines have 

had a great deal of success in their voluntary reclamation efforts. 

Chapter 4 gave examples of those companies which have revegetated their 

tailings dams and overburden dumps to stabilize dust and make the dumps 

more aesthetically appealing. However, the companies that have real

ized the most success from their rehabilitation efforts are those which 

have preplanned their operations for optimum land use after mining.

Chapter 5 detailed a study made of a proposed open pit copper 

mine to be located in the southwestern United States. At the time of 

the study, only exploratory drilling had been done at the mine site so
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a great deal of freedom was available regarding end use planning. Con

ducting the study was an interdisciplinary team from The University of 

Arizona known as the Mines Project Group. The idea was to develop 

waste disposal schemes such that the dumps, tailings pond, and even the 

pit area could be useful upon completion of mining and could be con

structed without being a burden to the operator. To make the project 

more than conceptual in nature, an engineering cost analysis was done 

to determine the costs of waste disposal. Simulation programs written 

by Kim and Dixon (1977) were used to determine daily waste rock pro

duction with a given mix of equipment. Ownership and operating costs 

were then applied to determine the total cost of waste production. 

Perhaps the most important finding was that a dumping scheme preplanned 

for a post-mining use need not be prohibitively expensive. In one 

instance, a waste disposal plan designed for enhanced post-mining use 

was less costly than a plan designed without such objectives in mind.

The open pit copper study comprising Chapter 5 of this thesis 

illustrated specifically the type of study any mining company could 

undertake when planning a surface mining operation. The study was made 

for a copper mine in the Southwest, but the methodology can be applied 

to any commodity being extracted from the earth's crust in any geo

graphic location.

The study employed real-world data as well as realistic mining 

methods and problems. As a result, the costs, both present and dis

counted, lent credibility and visibility to the idea of pre-mine plan

ning. Also, the interdisciplinary nature of the research cannot be 

stressed adequately. The more viewpoints there are to a mining
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problem, the better the mining engineer can understand the proposed 

reaction of the general public to his work.

Long-term effects of mining on the area were studied in great 

detail. In determining the best terminal land uses, no reasonable 

alternatives were dismissed. In the same light, a scheme was not 

judged to be the best choice solely on its economic favorability, but 

rather other social benefits were also evaluated. However, the best 

long-term benefits might well be realized in the most inexpensive waste 

disposal scheme.

Re commendations

If reclamation in the mining industry is to reach its full 

potential, laws governing such activities must be carefully designed. 

Blanket legislation dealing with any reclamation may do major harm as 

companies will try to comply with uniform legislation under vastly 

different operating conditions.

The need for well-tailored reclamation is nowhere more impor

tant than in the non-coal surface mining industries. Non-coal mineral 

deposits scan the spectrum from tabular, shallow deposits, such as 

bentonite, to massive, disseminated copper deposits in which the ore 

is not visibly discernible from the surrounding gangue. Such varied 

deposits require vastly different mining methods and produce wastes 

that differ greatly in kind and quantity. As mentioned above, uniform 

reclamation standards cannot even justifiably be made for a given type 

of ore because climate, topographic, and soil conditions can completely 

determine the success of any revegetation efforts.
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To fully realize the potential for surface mining as a tempo

rary use for the land, much experimentation will have to be done.

Rather than trying to legislate unreasonable reclamation activity, the 

federal and state governments should instead encourage such end use 

plans incorporated by concerned mining companies. No reasonable plan 

should be denied if the mining company can show how the end use of the 

waste disposal scheme will benefit the surrounding area. In such 

plans, all current environmental regulations would have to be met as 

they would in any industrial operation.

The disposal of waste materials in non-coal surface mining will 

always be a necessary cost of mining. However, if those waste areas 

are planned properly prior to the beginning of mining operations, they 

can be aesthetically pleasing and can provide benefits to society long 

after the cessation of the mining process at little or no additional 

cost to the mining company.
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