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Many actions have been taken by the Uriited States to cope with 

i;.hose problems which arise when man interacts with his environment. 

Legislative action has e'Volved cont;inuouslY over seventy yea'H beginning 

with the Rivers and Harbors Act of 1899 and culminating in the National 

Environmental Po),icy Act o:f .1969, NEPA. NEPA is now famous for requiting 

environmental impact statements for projects with significant and major 

federal action. Court decisions have extended NEPA, so that in virtually 

any federal action, the government agency involved is forced to incor-

porate environm.ental considerations into the total planning process. 

A wave of public sentiment has evolved along with the establishment .. 

of this definitive national eniiirbhfuen~itl policy. Probably small, -but 
; .' :; ' "' .. ·:O"·· . 

vocal, groups have fostered the "ecological" or "environmental movement." 

Through the NEPA.;..required public review of environmental impact state-

ments (EIS), such groups have stimulated legal action against some exis-

ting and proposed developments. Avid support for this environmental 
. . 

prot~ction stand, combined with .further federal action and the pattern 

bf courts' decisions, has entrenched national environmental policy and 

kept it in the spotlight. 

Alon~.' w:b::h policy expansion, a large-scale technological expansion 

has occurr~g in the environmental sciences. The environmental sciences 

are, in r~al.ity, no more than extensions of the traditional fields of 

knowledge. J[oweve:i;, an understanding of the ip.terrelationships :requires 

l 
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a breadth of comprehension o11lj possible from multidisciplinary studies. 

In such multifaceted investigations, clist:i:nct relationships are still 

often difficult to identify. A sli.ift cf relationships is present, from 

the quantitative, hard facts of engineerirJ.g and science, through inter-

mediate regimes characterized by econcmics, to the qualitative and sub-

jective bases of knowledge found in the h.un1anities and social sciences:. 

The efforts of a team of specialists from several general disciplir1es, 

and detailed expertise in a given planning situation, may be. needed for 

proper assessment. 

Coordinating the components of interdisciplinary studies can be 

complex. .A specialist frequently has no clear idea of his field's rela·-

tion to the overall effort. Engineers, scientists, economists and social 

scientists have such different professional backgrounds, with different 

technical Jargons, that meaningful communications may be hindered. A 

full exchange of values may require a very forceful cocrdi11ati6h au.d 

leadership or even be impossible. 

Mining as an industry is severely influenced by the environmental 

movement. Surface mining is capable of extreme alterations to topogra-

phical and biological conditions. The total restoration of surface-· 

mined land is often very difficult or impossible. Achieving that::~hith 

is expected in m.ost regulations, even with the best applicable technology, 

can result in some illegal and irreversible changes in the environment. 

However, evf:n theworst effects of mining can be bala.nc~d by positive 

aspects related to the national and local needs. Increas?d em];:)loyment 

and production and their corresponding sociological benefits is an 

example. 



't;. 

Mining engineering is ;,~~l~d~ in th~t 0 th.is discipline has few 

explicit technical .distinctions from dther · ;;ligineering disciplines·. 

Mining engineering combines a$ped:s or t>bi1.er fields with its own phil-

9sophy and method.. The educa:i:ion arid experience required for analyzing 

environmental inte:rrelationsh;tps f.i.nd their indirect effects on the 

mining situation are not usually consid.erad •.. From a limited data base, 

the mining engineer achei\res, through a total~systems analysis, specific 

definition of a complex operation from many viewpoints. Yet despite an 

exc.ellent effort, a lack of knowledge in a few closely related fi-elds 

may severely hinder the achievement of a comprehensive, interdisciplinary 

and systematic assessment which integrates environmental concern with the 

planning process. 

Technol:ogical expansion to support nation~l environmental policy 

requires that mine planning be pursued concurrently with environmenta.l 
" 

planning and operations relatea· t6 ~~:i.ri:fog. ·while the details of neithel: 

function are separately unique, there is a uniqueness to their ccrmbina-

tion. This combination, while apparently simple, is still not the ap-

proach which is practiced today. Extreme benefits can be achieved by 

th~ mining operation "7hich chooses to integrate production of environ-

mental qtiality with the produc:tion of other natural resources for con-

SQ.nlptio.n. The firs.t part of this investigation will review th.e general 

aspects qf environmental conce.rns and ir+clude some relevant deta:t.ls • 
. .... ~ ... ·. '. 

Mining eni?;ineering aspec:ts will then be surveyed. Follow:is1g tlrts, a 

subjective i;ipp:roach to theoptimization of mine-environmental cqncerns 

will · thetf. hf~ develop~d by which .the mini:i1g engineer can an}'.).lyz~ and 

pl.an for the utilizatio.n and production of mineral values and 



environmental quality. A case s't11dy follows which presents a typic~l 

mining engineering analysis a.n.a. then aii integrated, mining-envirqn,mental 

analysis~ emphasizing additional benefits wh±~h the mining company· may 

identify th.rough the composite <i'naiysis. Iii conclusion, an evaluation is 

pre13ented of the logical extensions of this approach to tn,ore complex 

mining situations. 



THE PERSPEf~·r±vE oF THE ENVIRONMENT 

In any investigation, the first s1:eps a.re to review and identify 

the sources and types of data available and. the tnanner ir1 which these 

may be used for solving the problem. The sources and types of data for 

environmental analysis have become more complicated over time, as man 

has recognized more fully his complex interaction in the environment. 

It is first necessary to review environmental planning and then to re-

view the basics of mining before specific approaches to optimizing the 

mine-environmental system can be identified. A prerequisite is to 

understand environmental concerns as they are viewed from an array of 

disciplines. This chapterintroduces these petspectives, the aspects 

and perspec:tives which will be $tressed in further discussion. 

There a.re several basic concepts which occur repeatedly throughout 

such a discussion and require definition. Environment itself is defined 

in Webster's New Collegiate Dictionary as: surroundings and influences. 

Specifically an envi.ronment is a definite set of circumstances and con-

ditions, physical, chemical, biological and social~ in which a person 

or thing lives, resides or works. Ecology_~ which is often confused with 

environment, is derived from the Greek word for "home." Ecology is a 

specified field of biology, dealing with the study of life i:n the home, 

or more f!pe.cifically, with the study of the relationships of an organ-

~ism, commun,ity or population. with its environment. Conrrnunities are 

groups of organisms. A community is a common study group sai4 to reside 

5 



in an ecosxstem. One of -Che 
't':' 
basic 

6 
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goals of ecology is to define a 

niche. A niche is a specific set of surrou...":J.dings and influences unique 

to the animal or plant being studiedi A h:J.che could be described by a 

list of all characteristics cf' the en•rirormient within whicn something 

resides. 

Broadly, this study deals with hi.inian ecology, the effects of man's 

actions on his environment, and more specifically, it dea.ls with the 

control and avoidance of contamination and pollution. Contamination 

is any action which alters a component of the enviro:r:unent. Pollution 

is an act of contamination which alters a component to such a deg-.cee 

that the enviromnent is fouled~ or a given use in contravened. Pollution 

may also be thought of as removing some element from a niche. Large-

scale occurrences of pollution may be referred to as pollution epis,g_des. 

Many vogue terms have developed to express the environmental 

effects of an action. These terms are outgrowths of environmental im-

pact statements and include l_gtJ2_act, .!iYPe, level, de1:5ree and importance .. 

an im-oact, the effect of an action, may be positive, negative or nu..ll 

in~. depending on whether the effect is beneficial, ad.verse, or has 

no influence. Level of impact refers to either direct impacts, which 

are straightforward consequences of an action, or to indirect impacts, 

which a.re side-effects or spillover consequences. Degree and importance 

relate ,the §:xtent of the impact. Mowing a lawn is of high importance to 

the lav.T.. The entire "ecosystem11 of the lawn is affected. But the 

small amount of grass actually removed makes the act low in degree. In 

the same $ystem, pulling a weed is of low importance to the lawn-system 

while the degree is quite high to the weed. 



Interna:lity and exteit~;iY~.t;l. are primarily terms in environmental 

economics; however; it i.s fZ'~shil:mable to use them in many environmentaJ, 

contexts. These terms relate to the direetness of effects. In an eco-

nomic context, internalities are viewed as costs or benefits wholly 

borne by the firm. Externalities "arise when the voluntary economic 

activities of economic agents ai'fect the interests of other economic 

agents in a way which does not set up a legally recognized right of 

compensation or redress," (Keating,· Barry, ] 976, letter) . 

Bases of Environmental Considerations 

Ever since man has sought to win the resources of the earth and to 

put them to his use, he has had to realize the consequences of contamina-

tion and pollution. There is an almost instinctive drive for man to 

expand his natural resource t~chnology~ .There is also a moral instinct 

to deal. with the consequences of' his actions. Man must use natm·al 

resources in a manner which optimizes protection of' the environlll.ent, 

conserving and preserving such of' his natural resources as he can. 

Environmental concern is founded in five general areas: (;t.) the 

natural sciences (biology, physics, chemistry), (2) the humanistic and 

social sciences, (3) economics, (4) la-w, and (5) engineering. Each, in 

turn, has its own sub-disciplines and specific environmental aspects. 

Criteria and sta;o.da.rds related to optimizing environmental concern are 

found in eq.ch of these five areas. Factors are often determined as char-

acteristJ.c or." particular situations. · T'.o.ese factors, ~hen they relate to 

an ideal cor+dition, are regarded as criteria. When criteria e,;i:·e accepted 
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throughout a discipline, or ~€H:.iblished by the government. through legis-

lation as requirements to be met.for the general welfare, they become 

standards. 

The.Nature. of C+i:l;eria of the Sciences 

. Applying a rational app-roach tG a given q;uesti1:m ts nqt:. ~lway$:: 

purely rational. Subjectivity is often required even to ~ee:ogni:ze.tll,at 

there is a problem. Certain disciplines a.re more rational than others 

and these are the sciences. Criteria of the sciences, the natural 

theories and laws,. are the base for investigations i.n other fields and 

should be understood to assist in understanding other fields. 

Many envi:ron111ental planning criteria, concerning the effects of 
~~. ~ 

actions on life, are derived from biology. These criteria may have been 

accepted and legislated as envif'o~~liit.~J, ~uality standards. Informat:lon 

about organisms, their relationships with their surroundings, and the 

study of associated physical, chemical and social interactions serve as 

measures in analyzing the effects of contamination. It may be important 

to consider ccnnbinations of two or more contaminants and their co:mbined 

or synergistic effects. {Synergy refers to individual items which, 

great;:ly enhance individual effects when combined.) The study of indivi-

dual and synergistic eff.ects requires a study of the total environment 

and the t~"t;ai' life! system, an integration of individual criteria to •. 

achieve a c.o.mposite assessment • 
. '_.·( I ' 

Distifl:~tf9P.S can be draw between the quality of one cont(liµinant, 

orefflue11t (!fiteria, and the quality of a combination of conta.l)linants, 
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or system criteria. Such a distinction i~ ~Uite common in water quality 

analysis, ]where actual standards. are dev~:iop:l?..d for individual items as 

effluent itandards, and total system st<thd.ards are developed as stream 

standards ·I 
I 

Che:m:ilstry and physics proyid.;ie few q:i:itect criteria linking the sur-
r 

roundings Ito the q~lity of life. Both of· thes·e fields, however, are 
I 

. I . . 
extremely jimportant since they provide investigators with methods by 

I . 

which contaminants are detected and measured. They also suggest ap.-

proaches Jar the removal, reduction or neutralization of contamination. 

Pb.ysic.s also serves as the foundation for radiological health and con-

trol .. 

The ~eosciences deal ~ith the fundamental-Ophysical and chemical 
I 

nature of the earth. These disci.plin~s l:ilrti<: physics and. chemistry to ........ ,_ ... -.. , .: .. ··~~:~ ~.: ~: .• 

the non-l:ilving· or abiotic. aspects of the .. environment. Sped.fie disci ... 
I ·.. .. 

plines of [geology address the gross em'i.ronment~ while other areas Stich 

as agronomy, meteorology, or hydrology discuss natural processes and 

cycles. 'lihese delineate the physical limits of natural systems and the 
i 
I 

chain of rtural cycles. 

Tlle NaturJ qf Criteria ()f the Humanist:ic and Social Sciences 
I 

.1 ... , ' 
I 

Some iof the more important considerations of environll1ental planning 
i 

are in th;c{ l~ssobjective area of the humanistic and social sciences. 

Many of tJe s-qbtly positive effects of technology are indi:r:ect;, or econ-

omically 1xt~x:nal. An unwritten doctrine of public trust, that regards 

mankind's w,::lfare as the ultimate of his endeavors, should be p:r:~sent 
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in any planning philosophy. ····Tua doctrines ~i the socio-humanistic 

fields are the bases for planning·. future teEli:D.alogical advances. 

The behavioral aspects of human e~old~ ~re developed in the field 

of sociology, the study of th.e'nat:tire, origin, and development of 

society. The social reactions of man mustfre predicted if the full 

impacts of a proposed action are to be deterrnineq. The abilit;y and 

desires of a population to accept any project will limit the speed and 

degree of technological advance possible. Usually, tradeoffs are 

. necessary, such as balancing the benefits of increased employment and 

income against the social change from agrarian to an ipdustriaJ. cul-

ture. These analyses can become crucial in assessing the benefits of 

a proposed action. 

History can be important in two ways. Mariy disciplines of engineering 

and particularly mining rely heavily on past practice with the tradi-
':' c··. '.r. 

tional approach being preferred . to1 a new gnd untd.ed one. Historical 

records are l.imited concerning the environmental consequences of mining. 

Industry's preference to follow traditional practices must be care-

fully reviewed and integrated into a revised mining-environmental 

planning process. A second aspect of historical consideration is that 

mining tnust, of course, respect the value of sites unique to both 

national and loeal heritage. 

Min~ . planni:n,g has to recognize the bargaining and col,lecti:ve-
·:. ,. :· .: ·· .. ' . ·,.-

action mecii~nisms by which governmental policies and practice are deter.,. 

mined. +his is the field of political science. The processes b.Y which 

laws and reg~tq.tions are established are both specific an.d a:lso .fairly 

idiosync:r-~tic. The planner who understands this should be more capable 



of negotiating within such a framework~ He should also find that this 

understanding aids, him in interpreting the sp~cific regulations wh±~J:i. 

affect his operation. 

Various aspects of philosdphf, and i·e1igion, affect most of th.e. 

other .fields of sciences, humanities, engineering, etc. A general con.-. 

ceptual foundation should mi.detl:i.e technological endeavors and serve to 

direct the planner in achieving his goals. The presence of such a 

philosophy of work alone does not justify ai::tions, but is necessary to 

justify further action. 

The Law 

Laws dealing with the environment:and mining are concerned with 

distributing benefits and costs through a system of property rights. 

The major law of property ri.ght'.s 5.s fo1nmon law, er. the accumulated de-

cisions of specific cases. Sinc.e environmental quality can be transient 

and intangible, and since mineral values may be separated from other 

property values, common law canilot always resolve all conflicts. Sta-

tutory laws and regulations are meant to handle these extreme. conflicts. 

Economists and political/social coDJJ11entators, however, agree that regu,_ 

lation is imper.feet as compared to the bargaining system of the pure, 

property·-right system. 

The individual who owns the surface owns everything· ''ad coelum ·~ 

ad infernos," (to the heavens and to the depths) according to the Roman 

common laws, (Goldberg and Power, 1972). These property rights include 

minerals, wgte:r, surface, access, etc., and can be separated an.d rented 



12.: 

or sold at the discretion of i:he owner. Settling the conflicts of a 

multitude of various owners tryihg to ex~rcise their various rights :ts 

the crux of legal evolution. 

Surface owners have the riparian right to use water, so long as 

they do not interfere with the rights cf others. Industry-prejudiced 

court cases in the late 1800's muddled the common law of riparian righ.ts, 

so that now many water quality laws are in force to clarify the rela-

tionships. Land-use disputes involve the responsibility for cave-ins 

(subjacent support) and landslides and slope failures (adjacent support). 

:Major disputes occur over the right to surface mine where the right 

to the minerals has been established. In many of these cases, respon-

sibility can only be established by a law suit unless it is ve.ry spe-

cifically covered in the deed or lease. 

Mining responsiblities can be shared by many property owners at the 

same time. Responsibility can be divided between surface and mineral 

oi;mers according to the time the problem occurs, unless the owners have 

specifically agreed upon some other way. Prior to mining, and then at 

the expiration of the lease, the miner is not responsible. Unless 

responsibility is otherwise specified in the lease, the landowner must 

make good any damages which occur after mining is over. 

Regula ti.on of many mining activities is divided between federal and 

state agen.c:i!f8 by law. Regulatory state agencies pertinent to m:i,ning 

and to env:i.ronmental affairs may be in one department or spread over 

many. In most states, there is an office concerned with summarizing 

reports of mining production, supervising health and safety under federal 

acts, and controlling mineral acquisition under federa.1 claim and lease 



laws. Often, these offices also coordi:rt~:f:e ~bmpliance with state and 

federal regulations for permits and liceni:3i=!~ to mine. In other instances, 

the mine operator must contact a hitiltitiid.e o:f different state offices 

an.d achieve coordination through his own. efforts. A single agency or a 

set of closely related ones will also often exist to cover various aspects 

of water, air and solid waste management, either because of federal regu-

lations or as suggested by federal policy. Finally, mining activities 

must be coordinated with some state functions which exist in an advi-

sory capacity, such as those for agriculture, game and fish. 

Considerations in Economics 

If a proposition is to be optimized, there must be some common basis 

on which alternatives can be compared. Ultimately, the common basis 

for measuring tangibles and irttd\11.gibies is dollars. Positive and nega-

tive effects of an action must be reduced to quantitative values, the 

sum of which is combined to produce an economic value for the proposed 

project alternative. This is known as benefit-cost analysis. The field 

of economics is the hinge point of mining-environmental analysis. Eco-

nomics provides the framework for analyzing the large"'-scale or macro.,.. 

economic relationships, and the mine level or microeconomic ones. The 

key in these analyses may be in determining relationships of real dollar 

values and iµtangible aspects of a mining operation. 

1:4..acroeconomic analysis is all too often limited to conjecture. 

Spec:i.fica:j.ly, its role is to define two aspects of the system, maximization 

of public we.J_fare, and public choice. Maximizing public welfare implies 
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This relationship is shown in Jftgure 1, (Seneca and Taussig, 1974). The 

analysis of the actions of man a11d thei!'. resulting costs and benefits 

can become very in.valved, since many factors bf environmental quality 

are also indirectly influenced. It is in considering these indirect 

relations that the concepts of ifiternalities and externalities arise. 

The consideration of an individual mining operation, the traditional 

realm of the mining engineering economist, is no longer sufficient. 

Too many of the relationships of mining "spill over" into areas which 

are economically external to the mining operation. If a meaningful 

analysis is to be realized, the view of the planner must be expanded to 

include a larger system to which all of the costs of mining become 

internal. All resources can then be recognized as proceeding through 

a series of transformations, not merely use and consumption, starting 

with their extraction from the earth through,. to and including ulti-

mate and residual disposal. Along th:i.s path, the several spillover 

areas can be identified. This approach is a specific example of the 

totaJ...-system type of solution, which will be discussed in more detail in 

a. following section. 

Considerations in Engineerin_g, 

Engineering provides the techniques needed in mining and in envi-

ronmental pJ.a'nn:i.ng and operation. The engineering approach is a re-

finement of the scientific method, and a further refinement of the en.gi-

neering apprqach is the total-systems approach. Engineering seeks to 

develop approximate solutions which are close enough for technologically 
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practical purposes. Many engineering ptbh:Le.fus have no exact solution, 

but pre~ent an array of alternitd.ve scilutidris~ each with its own posi-

tive and negative aspects. Th~se are ~:halyzed separately to det,erw,ine 

their effid.ency and economy., Efficiency iJI1plies compa,tibility with the 

appropriate laws of science, while economy implies a maximum outp:µt for 

a giwn input Gl'f value. 

The total.,.systems approach was developed to handle, obvious, as well 

as subtle, interaction between the components of a problem which might 

otherwise be lost in a traditional approach. If a problem is so in-

valved as to defy solut;ion in total, there may be a set of subproblems 

which can be solv$d. !£ these sub-problems are solved,, and their in-

ter,relationships are considered, a composite of these can be used as 

the solut:f.on to the main ptoblem. The difficuities of such an approach~ 
' are that detailed division into subsystems may lose the general profilem 

.. - ·~ ~~. ' 

concept, and the time and effo~~ of analysis must be Justified by the 

specific. problem. If th,e forest is lost in considering the individual 

trees, the time and effort required to achieve a total solution expands 

at an exp'one11tial rate. Dividing a problem one step further than is 

.abs,olutely necessa.ry can expand the analytic effort several times, as 

observed in personal experience. Despite drawbacks, the total•syst:ems 

approach often serves as the bas:Ls for the comprehensive analysis of 

extensive, complex, and interrelated projects, such as mine-envitorunental 

ones. 
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A Systematic, Comprehensiv~ and InterdisciEl:i.nary Approach 

The National Environmetl.tal Policy Act of 1969 directs that II ••• a 

systematic, interdisciplinary approach whlch will insure the integrated 

use of • • • sciences and • • • arts i.n plar.hing and decision making ••• 11 

should be incorporated into plartaing processes, (National EnViron.me11tal 

Policy Act, 1969). This can usually be achieved only through use of a 

properly coordinated total-systems approach. In such a multi-disci-

plinary involvement, an open mind is necessary and preconceptions must 

be identified and eliminated. Communications between participating 

disciplines must remain open. The adherence to a commonly accepted~ 

strict methodology and philosophy becomes important. This methodology 

involves six phases: (1) formulation of the problem; (2) identifica-

tion of sources and types of data for assessment; (3) assembly of data; 

(4) assessment of data; (5) an interdisciplinary review and discussion; 

and (6) gene-ration of the solution. These activities are termed a 

flow process, and at any stage, it may be necessary to go back to a 

previous stage for further work as it becomes apparent. 

The formulation of the problem and the adherence to a systematic 

routine are the heart of the process. Once the scope, depth, components, 

paths and interaction.s are known, the routine leads. to a solution. 

This approach also identifies the disciplines, and hence the personnel, 

which must be employed. 

Once the problem..-solving team is formed, an interdisd.plinary 

effort should identify the sources and types of data and the= techniques 

to be used. Format requirements must be met for communication between 
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disciplines, and all of the i:ie~essary pai•ameters and measures must be 

identified. All conceivable major areasshould be cove-red at this 

stage, so participants can recbgr1i~e tl:ie d)i1tact areas in their investi..,. 

gation. 

Once the p:roper techniques nave b';$en el!ftablished, the assessment 

of data should be routine. Too often, however, a solution may be 

forced to fit the data, or data may be forced to fit the solution tech"'" 

nique. It must be emphasized that the appropriate formulation and iden ... 

tification of data types and analysis techniques is neces;;ary to ensure 

that assessment is directed along the right path. 

As results of individuals must be related to the entire group., . 

interplay and discussion become crucial. As interplay and discussion 

near an end, conflicts are,:near resolution. &ftli!-r a "cleanv.p" pha·se, 

one final review should confirm that the solution is acceptable to 

· all parties. 

Such an approach is that which has been selected for use in opti .... 

mizing mine environmental planning. This problem will consist of 

three majoJ; subsystems: (1) mine planning and operation; (2) environ"" 

mental planning and operations; ap.d (3) regulatory compliance. The 

real. problem is to develop an optimum Dlirie planning approach, .since 

the mining operation and the production of environmental quality are 

not actuaJ'.),y $eparable within this context. 

Characteristics of Environmental Plannins 

This section is a general review, not a detailed conipilaf:ion of 



approaches to environmental conttbl. It:s pU:rpose is to begin to fill in 

the previously developed framework for the total-systems approach to 

mine environmental planning. Aspects o.f genetal policy and practice 

·will be identified. Discussion of air, land and water quality manage-

ment will follow. 

General Aspects of Environmental Policy and Practice 

Environmental concern in planning can be varied according to the 

constraints of the problem and the statutory laws and policies which 

cover the operation. A variety of statutory requirements exist among 

the states. Many of these are directed by federal laws (which estab-

lish requirements) or philosophy-establishing policies, such as the 

National Environmental Policy Act, the Federal Water Pollution Control 

Act, and the Clean Air Act. 

NEPA is a statement of policy. A goal of national environmental 

quality is established by the act. A practice is further defined by 

the act, the practice of producing environmental impact statements. 

Many specific requirements for these statements are directed not by the 

act, but by the regulations published by the Administrator of the 

Environmental Protection Agency pursuant to the act. These regulations 

establish wha.t is to be included in planning processes at the federal 

level. Sue# practices are also suggested, by the nature of NEPA as a 

policy act, t;o be followed at state, local and private levels as well. 

Since NEPA does not cover private citizens or states, its effect is 

simply that of policy and philosophy. 
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The Federal Water Polluticn Cont!'o1 Act of 1972 (FWPCA) is a 

federal law and set of regulations which si.lggest state laws and regu-

lations. The Act enables the EPA to ad.minister regulations which it 

establishes. The goal is to achieve a zero-discharge of pollutants 

into the nation's waterways by ±985. Various sponsored programs of 

research and development, and many types of restrictions and penalties, 

are included in the act. FWPCA also recognizes states' rights, and 

allows the states to be involved to a variety of degrees. 

The act provides that anyone making a discharge into a navigable 

waterway must first have a permit to do so. A state must approve this 

permit before federal approval is granted. A.state may be delegated 

the authority to approve this application and to enforce the regulations 

if it has its Ov."n law and ·regulations, as strong as . the federal act , 

and approved by the EPA. The Administrator of the EPA has the right 

to revoke any specific dischargepermit or to withdraw the approval 

of a specific state's authority at will. These last two provisions 

assure that state compliance will be more than token. 

The Clean Air Act of 1970 (CAA) presents a third class of legis-

:Lation by e:X,plicitly directing the states to establish air quality 

regulatory programs. The goal is to clean up the nation's air and to 

coordinate the activities of the states. Various air quality goals and 

standards for the nation have been established. Each state is required 

to set up a regulatory commission, and to have their laws and regula-

tions, as well as an implementation plan, approved by the EPA. Control 

of the states is, as with water, by permits to discharge air car.ta.mi-

nants. A variety of penalties are presented for non-compli~.nce. 



Again, the Administrator or'~~n.f fil.A has the ;~ower to revoke specific 

pe1•mits and state p.lans, Additional powe:r is added to the CAA:, however.,, 

th.rough the provision that a ~tate plan~which is not approved may be 
. . . -

revised. and structured by the EPA,__ theAfuninistrator may direct.the 
' ,: 

formation of state laws and regulations 1I'they are not acceptable. 

A final point of the CAA is signif'icant. The transient nature of air 

is recognized. Since air does not divide itself at state lines, the 

power is given f'or states to join intoin.terstate compacts to control 

air q_u.ality. Such a step is important in that it recognizes the un::i...;, 

versal nature of environmenta.J. affairs, and may serve as a guide to 

the development of policy and practice in other areas as well. Table I 

presents a sunima.ry of' the characteristics of' the three classes of acts. 

Federal agencies hav~ .,.Q.evelo~ed pbli:Cies,,,.a:b.d practices· which are 

consistent With. NEPA •. They are developing the ability to pursue com-

prehensive,. interdisciplinary and' e;ysteriiAtic approaches to the re so ... 

iution of six main ;requirements of NEPA: (1) describe the action, 

(2) identify probable environmental impacts, (3) identify adverse. 

effects which cannot be avoided~ (4) ·develop a set of alternative 

actio:i.s and the data to assess their impacts, (5) relate short..;term 

use to .iong-..term productivity and (6) state the reso'Ui'ces which may 

be irreversibly or irretrievably committed. Hopef'Ully ~. the federal 

agencies' praptices will continue to evolve in this fashion which 
....... , . ~ ·, 

incorporat~s enviromI1.ental concern in the tota.J. planning pro.cef:iS· 

State ~gend.es fa.11 into three categories: (1) well-established . . . 

agencies~ w:p.Ji.c]:).ex:isted prior to NEPA to meet the needs of' a st~te and 

not because of federal dem.ap.d. ThE:l Ca.J.if'ornia Air Quality Bo~rQ: is an 
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example, and these agencie~ 'ge!ferally meet 'NEPA criteria. (2) Newly 

created agencies, patterned af'ter, or established as a result of, 

environmental,....era legislation; These cU:·e <>ft en still in the process 

of growth and expansion. While compli2.rice with NI!.."1'A on paper is simple, 

time is required to become 1\llly' consistent with its and the state's 

goals. ( 3) A third category exists, that in which no agency is esta:b ... 

lished. In time, the need for these may become apparent, and then 

these agencies will hopefully meet the needs expressed in state and 

national policy. 

Industry is commonly attacked for ignoring the National Environ.,-

mental Policy by failing to develop its mm environmental policy. The 

major cause is not a lack of technology, for which many place the blame, 

but the lack of a proper ip.~entive structure to propagate policy past 

the federal and state government levels. 

The government's task is to establish policy and practices while 

industry's is to maximize wealth. While these two ultimately relate to 

the same, classic economic goal of maximum total welfare, government 

subjectively strives for the most good for the most people, and industry 

objectively works at generally maximizing dollar profits. .An obser-

vation can be formally presented, then, that a company will only incur 

tl:lose costs whicb. are necessa1-y. Regardless of ethics, the planner in 

industrJ: must relate expenditures for env-ironmental concern directly to 

the econo:mic incentive of increased profits. 

The approach of government policy-makers is to achieve incentive 

by- regul<}tion. Wnile the li.mited success of regulatory acts has often 

been att:dbuted to a lack of time and technology, actually these coilld 
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be overcome if the incend.ite ei:isted. f j ~. "'· ~ ... . . 
Government sponsorship of 

research is .useful, but the ai>piicatii:in of these results belongs in 

industry, which often chooses t6 ignor~ · thein because. there is ins:uf.-

fici:ent incentive. 

The ultimate objective is tO foster the development of industry 

enviromnental policy. Legl,slation alone seems futile in this endea'ltor. 

the key ap.pea:rs to be the development and propagation of approac;hes 

by which the positive,. indirect and external benefits (which can be 

brought about by a properly conceived and coordinated prog:ramof envi-

ronmental concern) can be realized by a company as a real return on its 

investment. Only when industry recognizes that benefits are to be 

gained, and that wealth is to be increased,. w±:il concern for the envi-

ronment be included in its plan+ii:rtg process. 

Although this propagation through the industrial level will probably 

occur, the realization of this at a personal and individual level seems 

unlikely. The ultimate success of environmental efforts depentls on 

the individual in society.. Cone;istent industry poiicieS require that 

existing social and extern.;il costs be shifted within the industry frame--

work. In a free-market system., these costs, a.nee so internalized, 

must shi':ft to the consumer, a shi.ft of economic scope, not. of domain. 

What the. a;~arag.e private consumer usually does .not realiz.e ·is that 
·' • i .··>f·( . 

while mar~~t q.osts are rising, they are me:i:·ely shifting costs from 

foregone p~q.¢fits to a cash basis. Until government, indµstry, and 

the concerB-ed public can educate the consumers, the final realization of 

a true na~i;pnq.l environmental policy will exist only as a gqal, ... ,.·. 
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Environmental Impact Analysis 

Policy is essentially recognizing a problem and formulating a 

method of solution. The attention of this section turns from policy to 

actual methods. The first to be considered is the analysis of eriviron-

mental impact. 

In the first years after NEPA, research was often directed to 

finding a perfect method for environmental impact analysis. Many excel-

lent advances were made, all falling short of this quest, but firmly 

establishing that there is nothing that is certain, and that the uniciue-

ness of any situation dictates that the solution be unique. Various 

approaches were developed which, when used in combination, offer tre-' 

mendous potential. 

Four distinct methods for. envirohmental impact assessment prevail, 

(Warner and Preston, 1974). These are: (1) checklist, (2) overlay~ 

(3) matrix and (4) network or system. Checklist, as shown in Figure 2, 

is a popular method, which incorporates a simple, linear train of 

thought. A list of parameters are covered, one at a time, and the im-

pact· is related to each parameter. In general, a checklist will fit any 

project, but the results are not necessarily conclusive. 

Overlay methods, as shown in Figure 3, provide graphic interpreta-

tion of in1pact on overlay maps. These give a good visual chare.cteri-

zation of concentrated sensitivities. Sophisticated a:pproa.ches have 

been developed for computerized production of overlays. ·while the 

results are dimensional and spatial, there is little q_uantification of 

expected impact. 
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Matrix approaches, as siio'Wrt in Figcire 1+_~ relate anticipated acti-. 

vities to environmental characteristics through cause-effect relations. 

These approaehes display the list of acd.vit:ies at one side of a matrix; 

a list of charac.teristics at the other side, and provide many little 

boxes which can be checked ot' in which calc~lations can be performed. 

However, l:i.ttle if anything is ever clone besides checking little boxes 

or doing some s·pecific calculation. Overall interpretation is still 

lim1ted and little quantification results. 

System modelling techniques are perhaps the most effective 

.;ipproaches when properly conceived and developed. While most of these 

develop a network model, of the environmental system and its impacts, 

only a few of the best methods then proceed to develop an explicit 

quantitative assessment • .;While ~pansion of a. network into a model is 

possible, the success of the model is dependent on the appropriateness 
-.. ·t' ., 

of formulation ai; an operations research problem. If the time and 

effort of an operations research type investigation can be justified, 

modeling approaches can satisfy·the quantitative requirements of 

environmental analysis. 

No single methodology is the best. In a total-systems perspective~ 

it can be seen that a judicious composite of the fouris Perhaps most 

apprbpriate, {Warner and Preston, 1974). 

Air Quality Asse$i;ment and Management 

Because of the variety of uses of air, a wide variety of P.isciplines 

are uset;i :j.,!\ air quality management. Although the atmosphere is constant...,. 
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ly moving and mixing, ther~~·"j3i'tf!\cierta.in ~asek which are recognized as 

permanent and others as variable constituents of air. Thes appear in 

Table II. 
'> ~ • 

Occassionally aerosols,· ga:s'es and vapors become present in air at 

such high concentrations that they have advefse ef'fects. Exa.mpJ~es .are~ 

red.uced visibil.ity, odors, o!" ~e:Spirato~y distress. One of' the major 

problems in air quality is contamination due to aerosols. Aerosols are 

particles suspended in th;e atmosphere, such as dµst,. pollen, mists, O:l:" 

bacteria. In .addition to direct respiratory irritation, solid ae:r·osols. 

Il'.laY have synergistic effects, enhancing the effect of otber air p6llu-

tants such as sUlf'ur dioxide. 

The next major concerns are the two types of smog. Sulfurous smog 

is a bypro.duct of smelting sulfide ores or the combustion of fossil fuels 

containing suJ.fur~ Its problems relate to the direct toxie ·effects of 

the . gas ·sulfur dioxide (so2 ), tiha t6 'the. fact that it combines with 

water in the air to form sulfuric acid. 

Although sulfurous smog has been known for a long time, more re• 

cently recognized is photochemical smog. When cars or ot}J,er high-combus-

tion sour~es operate, nitrogen is burned. at high temperatures to form 

nitrol.ls oxide (NO). NO is then oxidized to N02 and still .further o~;i,. .. 

diZed in sunlight to form nitrous oxide and atomic oxygen. Atomic oxygen 

combines with :molecular oxygen to form ozone, and the energy loss passes 

to an unb'qrn~d hydrocarbon. Ozone·reacts to form N02 and o2 by reacting 

with the r;litrous oxide. The hydrocarbons compete for the free oxygen. 

Although tP,~ process is complex, it is essentially a buildup of; N02 and 
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c?{i'1JAB LE II 

.COMPOSITION OF CLEAN AIR NEAR SEA LEVEL 

CONSTITUENT a FOR MULA. 

NJTROGEN N2 
OXYGEN 02 
ARGON Ar 

NEON Ne 

HELIUM He 

KRYPTON Kr 

HYDROGEN H2 

NITROUS OXIDE N2o 
XENON Xe<· 

VARIABLE GASES 

CARBON DIOXIDE 
WATER VAPOR 

METHANE 

CARBON MONOXlDE CO 

OZONE 

AMMONJA 

NITROGEN orOXiDE NO 

PERCENT (VOLUME) 

78.084 

20.946 

0.934 

0.0000182 . 

0.0000052 

0.0000011 

0.0000005 

0~0000003 

0.00000009 

0.032 
G-7 

0.0000015 

0.0000001 

0.00000002 

0.00000001 

0.000000001 

(After Wmiamspn., 1973) I ·--··. 
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ozone ( o3) at the expense of i{O. These two gases form. slowly, and in_ a 

maturing smog the nitric oxides are removed as secondary solid pollutants 

while ozone does not persist in high concentrations in the atmosphere, 

so the seriousness is minimized. 

Photochernical smog not only reduc.es visibility, it causes physical 

damage to materials, plants and people due to a variety of extremely 

irritating compounds. 'I'hese are called PAN's after one of the compounds, 

perozyacetyl nitrate. 'I'he intricate and involved nature of photochem--

ical smog has complicated its understanding, (Williamson,. i973). 

Nationally, air quality is to be maintained through a system of 

ambient air quality standards. Primar-.r standards are established to 

protect people, and secondary ones to protect other factors. In meet-

· ing these standards, two l:imits can be rea.che<!l: a maximum concentration 

of pollutant allowable at any speciffo time, and a dosage, or maximum 

cumulative exposure over time. Some standards, correspondingly, are 

established for time intervals. Table III is a list of the national 

ambient air quality standards. As previously mentioned, the responsi-

bility for achieving these is left to the states, pursuant to the Clean 

Air Act. 

Monitoring the quality of air and air pollutant sources is impor• 

tant to the planner. While equipment and techniques are involved, in 

most instances, for the reference methods which are accepted by the 
v -, ' _:--, ---- ' 

EPA, continous and automated instruments are available to complement 

these tech...>J.iques. 

Control of air pollution is classified according to differences in 

principles of operation. The general classes of air pollution control 



TABLE UI: AMBIENT AU~ QUALITY STANDARDS 

POLLUTAJ\JT TIME STANDARDS 
,N4.%ME .c: PERIOD PRIMARY · SECON-DAR¥ REASQtil 

·_1'.SU'LF·w41:01oi£i,E£s YEAR .,_; .,.-

sop1lm3 U) - -R-E-ou .... c-.e:-· · -C-H-RON-. -,-c-o_t_S_EA_S_E_s_, --
365}Jglm3 (3) ,-..- . ODOR, PLANT DAMAGE -;( S02) : ... · 24-hr 

3·hr i~OOpg/m3 (3) . · 

PARTJCULATE 
MATTER 

YEAR 
24-hr 

. 75)Jg/ .,.;5(2) 
260).19/m3f3) 

60JJ9 ml (2) IMPROVE VISIBILITY, REDUCE 
150J.it/m3(3) SYNERGISM WITH SULFUR OXH>t;:S: 

CARBON 
MONOXIDE 

8-hr 
f-hr 

. ~ ~ .. 

10mg/m3 (3},.,c;, .JOmg/m3(3) PREVENT. BLOOD PROQLEMS 
40mg/m3.(3l.,,, 40mg/m3(3} . 

PHOTOCHEMICAL 
OXIDANTS 

t-hr 160,µg/ m3 (:3) >r/t60,,uglm3 <3> ALLEVIATE PHOTOCHEMICAf .. SMOG 

HYDROCARBONS 3 ... hr 160,µg/m'3 (3) 160JJg/m~ (3) 
(6-9 o.m.) · 

some 

NITROGEN 
DIOXIDE 

,· YEAR 100,µg/ m3 (I) 100pg/m3 (I) PUBLIC HEAi,.. TH, AIR COl,..OR 

NOTES: 
· 0) ANNUAL ARITHMETIC MEAN (2)ANNUAL GEOMETRIC MEAN 

{3) NOT TO BE EXCEEDED MORE THAN·. ONE TIME PER YEAR . . . . . . . . 

.·~,· ~ 

... ~ 



equipni:ent are filters, settling ch.ambers, inertial collectors, electro-

static precipitators, scrubbers, adsorbers and chemical reactors. M.Ost 

commonly,. no single device is sufficient and a combination of devices 

is usually used. The basic .Problem with all of these devices i.s that 

they are merely ''added on'' in an attempt to coP,trol the pollution al.., 

r·eady generated by present processes. Successful planning for air 

quality depends on managers who are personally able to assess the indi ... 

vidual control devices, since manufacturers do not warrant or guarantee 

these~ The best col:i,trol will occur when managers are able to det;Jign 

total systems that are inherently pollution-free, that is, when compre-

hensive planning incorporates environmental concei;n. 

Many aspects of mining result in air pollution (such as dust from 

roads .and truck exhaust). ~'the mine planne.r muS't!t therefore, be aware of 

air quality constraints. He shouldcknow the fundamental parameters and 

of the available control equipment even though mining is general.ly not 

concerned with major air pollution problems. 

Water Quality Assessmen.t and Management 

'Water is the one common 13ssential for all known forms of life. 

'Wat.er -was generally accepted as abundant until the 1800 's, when the 

pressures of industri.alization brought about the realization of its 

scar<;ity. · $Olll.e of the earliest environmental legislation was tq protect 

water qua,l.ity •.. 

Scienc~ provides the theoretical basis for water quality management, 

and engit7:eer:;tng provides the practical, technological aspects. Imple-
.' ' . ' 

----~----·-__,___ __ --
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mentation of water quality i!iili$,g,:~±nent is f:he synthesis and coordir1ation 
')'"~ ... ' ., ... ": "", ,.. . 

of the technical aspects with philosophical~ political and economic 

concerns. 

Water quality standards relate to seven generally recognize<! uses: 

(1) water supply, (2) electrical power gen~tation, (3) recreation, 

(4) irrigatl.:on, (5) navigation., (6) fish and wildlife propagation, and 

(7) the ultimate disposal of waste. Pollution o.f water is an act 

which contravenes one or more of these uses. Standards are developed 

to assure that water will be capable of supporting all of t;h.ose uses 

to which it is being put. A biologist might look to a change in commuµ-

ity structure as an indication of contravened. use, while an eri:gi.nee~ 

might relate loss of use to loss of waste disposal capacity. 

Of them.any parameters of water quality (Table IV), there are only 

three well--di!f:inable standards: (1) dissolved oxygen, (2) pH and (3) 

temperature. All other measurerd~ht:s qbmbit:fie to form a gross perspective 

of the capabi,lity of the stream. Effluent standards attempt to relate 

absolute integrity to one specific parameter. Those effluent standards 

which are established to relate overall stream quality to many parameters 

are $tream standards. Ultimately, as the zet"o-discharge goal.is real-

ized, there Will be no discussion as tb which is the best kind of stan.-

dard. to follow. Currently, however, much a'tte.ntion is directed to stream 

standards as they can be a legal basis for circumventing effluent st.an-

· dards. 

Field and monitoring techniques ate divided according to trTo pur-

poses, eithe.;.r as identification of specific parameters or as an, 4ssess,.. 

ment of total system quality. Specific parameters measured inc+ud~ 
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those in Table IV. 
. - ' . 

in Standard Met:ho.ds for the E:iamination. of Water and Waste Water, 

(American Public Health Association, 1971). 

Biological assessment,, at o-q.e time l:Hi;sed ·on the concept of there 

being one :i,.ndicator species which represented. the total biological 

~n'tegrity of the system,. is now directed to a. variety of measurements, 

which rela.te to the total system. Simply stated, the sensitivity and 

integrity of a system relate to the number of species pres~nt, and to 

the number of members present in. each species. Large numbers of many 

species imply a strong structure, while the opposite a fragile strut:-

ture, (Cairns and D'ickson, 1971). Stich relationships are measures of 

diversity. 

The planner strives to achieve a maximum assimilation of a dis-
. '!<- .. ·~l,. "/'''Iii<.·. . 

charge by a stream without altering its diversity. Five biologic com-

munities are present in water: ·. Pl~~k:l::on; . ~eriphyton; macroinverte-

brates, macrophyton and large rovers. Guides for assessing each area 

as well as the composite water quality are available. 

While. zero-discharge is ideally sought, there are current tech- · 

no1ogical constraints which usually preclude this. Design procedures~ 

then, a.ttempt t;.o minimize contaminat::;i.on by abatement and treatment:. 

·Abatement reduces the level of contamination by the maximum use 

of water ;:i.n4 by limiting the exposure of water to contamination. In si.,.. 

tuat;.ions w1lere abatement is not practical, treatment may be physical, 

chemical o;c biological. These processes are familiar to sanita,ry and 

chemical ertgineers • 

Phys:i,.c~l processes include direct separation or gravimetric 
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separation. Chemical process~$' use di:teot ileiitralization through ad~ 

dition of reagents or chemical rf:!'fffrctiofr prio·t to physical or biologi-

cal treatment. Biological processes uti.lize the physical and chemical 

processes of .nature to break down' the. waste into more inoccuous, or 

more separable components. 

The ultimate approach to water p1an..."1ing and management has been 

implied throughout this section. Abatement or prevention through inher-

ent process design is paramount. As treatment may be necessary, the 

planner should bear in mind the fundamental goals, standards and cri-

teria in incorporating a comprehensive, total-systems approach. 

Land·Quality Assessment and Management 

'lfuile land quality must'' necessarily be considered coequally with 

air and water, it is complicated by the different nature of land. 

Certain land use planning aspects are inherent in air and water manage-

ment, and vice versa. Land is fixed in quantity arid not mobile, it is 

a scarce resource, and due to its fixed nature may have a limited quan-

tity of other resources available in its vicinity (such as water, power, 

etc.). Land is, howeve.r, recyclable to some degree, through a variety 

of uses. 

The concepts to be followed by the planner are simple to state. 

They are; (1) conserve the land by limiting the operation to neces-

sary areas only; (2) reclaim the land which is used to allow future 

equal level of use; (3) restore the land to multiple-use fashion. 

Optimizatiqn, however, is a technique or process to follow with J:he 
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three previous concepts serving a$ constraints, and is neither so simple 

nor so easily definable. 

A simple classification of lar1d use.s is proposed in Table V. 

Land use planning considers the ability or la!i.d to support a given use., 

combined more subjectively with the desirability of that use. The 

constraints include both physical phenomena and social concepts, making 

a purely objective criterion nearly j_mpossible. Optimization must link 

these to economic factors in a benefit-cost analysis. Improper mine 

planning can create fantastic damagE::, multiply the effects of air 

and water pollution by increasing areas of contamination~ or affect more 

subjective relationships. 

Problems of Environmental Planni£1,5 and 012erat;i.ons 

Many problems have been reviewed which inevitably relate either 

to an inappropriateness of the incentive mechanisms or to the short.-. 

sightedness of management. The problems of environmental pollution 

will probably not be handled efficiently without including a respon-

sible, individual environmental policy. Regulation of effluents 

serves to achieve. acceptable levels of pollution, but falls short of 

the goal of maf:imumsocial welfare, (Seneca and Taussig, 1974). 

The influ~nce of the public and government, contrary to its 

basic desires, actually fosters managerial shortsightedness. In an-

swering to st;ockholders, the corporate manager is generally restricted 

sheerly to i:ompliance with regulation, since current methods of account-

ing and analysi$ do not reflect the subtly positive, external benefits 



TABLE V: A TYPOLOGY OF LAND USES 

TYPE 

WILDERNESS 

LIMITED AGRICULTURE 

DEVELOPED AGRICULTURE 

LIGHT DEVELOPMENT 

EXTENSl'IE DEVELOPMENT 

DESCRIPTION 

UNTOUCHED BY DEVELOPMENT OR DOMESTIC ANIMALS 
FOR RECREATION AND AESTHETIC USES ONLY 

GRAZING ~NO FORAGE FOR DOMESTIC ANIMALS, NON .. Tli.J ... EP 
CROPS• NQ SIGNIFICANT CONSTRUCTION. INCLUDES AN'Y1 
DEGREE OF RECREATION FOR WHICH DEVELOPMENT IS LIMITED 

CULTIVATION, BARNS AND HOUSES, MORE-DEVELOPED RECf~EA1ION 

SUBURBAN DWELLING, LIGHT OR WELL-PLANNED COMMERCIAL 
AREAS, LIGHT INDUSTRY, MOST-DEVELOPED RECREATION 

APARTMENTS, SKYSCRAPERS, HEAVY COMMERCIAL AND INDUSTRY, 
tRANSPORTATlON SYSTEMS 
MINING IS IN THlS CATEGORY 
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of environmental control. Ir the manager could restructure to achieve 

these and defend his balance sheet, the public would be faced with 

cash cos ts which it now ignores,; With no Ci:nµpensa ti on from the govern-

ment, with an uninformed consumer group, the consequences of higher 

than competitor's prices would be a disaster ,for the company. 

The planner must satisfy the government, the public, and his com-

pany simultaneously. All three sectors share a vital concern for the 

future of our natural resources. What is required is a joint venture 

in education to understand the nature of mining and the environment and 

the social responsibility of the industry. Such an understanding should 

include an awareness by the public and government to the economic ne,eds 

of industry. 

Companies must realizeothat external, non~cash costs can produce 

external, non--cash returns. While real money is ~ent today, the 

long-term results of environmental concern will be in real profits 

tomorrow. Comprehensive planning should yield greater returns than the 

mere compliance with regulations could be hoped to yield. These returns 

will be realized when industry's desire to optimize social welfare is 

earnest and proven to society. Society rnust then in turn recognize 

its own responsibilities in the optimization of social we.lfare. It is 

only in working together that the government, the public, and industry 

can elimiria.t¢ pol.lution and reach this goal. 



A REVIEW OF MI~f~~,: AND ENVlRONM}t:~TAL PRACTICES 

For thousands of years manJias dug int.a, the crust of the earth for 

the r.aw materials to support himself. Central to his exploitation has 

been the te,chnology of mining. influenced by many fact.ors, minj;ng en-

gineering must employ efficient techniques for developing and utilizing 

the opening through which resources c:.an be extracted. Four mining 

phases will be considered: planning,. development, operation and clo-

sure. These phases overlap in actu!il practice but represent the sequen-

tial aspects of mining engineering. 

The Mine Planning Phase 

Mining has been described previously as a conglomeration of various 

engineering sub-disciplines linked with a unifying philosophy. One of 

its more abstract areas is mine planning, for which an understanding 

must be developed for the physical, chemical and geometrical aspects 

of the orebody and the surrounding rock. Op:ce the various rele:ttionships 

are knoWfi, a conibination of techno.logies c;m be selected to fot'Jli a 

.workable mining plan. To aero.eve this awareness and to develop the 

plan, thre~ ep:gineeri11g steps are followed: examination, design, and 

evaluation. 

Mine examination defines the nature of the deposit. An history 

and literatur.e ~urvey is conducted to ascertain ownership righ.t13, identify 
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legal constraints, understand. th¢ operating history of the property and 

its neighbors and review approaches to si.ridlar mining situations. 

Such of.fice work is then finalizrad thrdugh V:isits to the mine site to 
. , .-1-:· -·' 

verify the results and. to a~griie'nt Eheni th:tcitlgh first•hand experience. 

A positive decision may re<tuite furthtitr exploration and Cl.elineation. 

The success of the mine! will depend upon the quantity and quality of the 

resource available. Size; shape and spatial relationshi'ps must be under--

stood. Geo•scientific studies, exploratory drilling, and sampling will 

provide m'l,lch of the necessary information .• 

Geological and geophysical stuciies endeavor to develop a gross-

perspective view of the deposit. While the presence of many soft-

rock, non-metallic deposits is inferred from the stratigraphy and sur ... 

face Characteristics, many,.ij.isseminated and ID.a$$ive metallic orebod;i.as 

can be detected only be geochemical or geophysical indications. 

Drilling programs are correlated wit:h-the type of deposit (Figure S) 

being investigated. Continuous br horizontal deposits may require few 

hbles to define. Vein deposits are generally explored by down:"""dip 

hole.s·~ to determine extent, and pie:rcing h61.es, to determine grade at 

va:rio·us 1.oc:ations • Massive or dissetpinated dep.osits requite extensive 

drilling prog,ra.tns, both to determine the shape and to detel;"llline the 

grade (Figure .6). 

Alternai:ive approaches can be taken to calculate the. valu~ of ore 

reserves in:pl,,ace. The specific methods depend on scope of the project 

and resourr::e~ available, and involve extensive calculations by hand or 

by comput~r~. Ore grades are ;inferred through statistical an.~,],y~is of 

assay values:. Areas of interest are identified on geologic sections of 
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the orebody. These areas iJ~·'.i'j,'~'·\aid out ~cc~:r~ing to many geometrical 

schemes, as indicated by the type of deposit being examined. These 

schemes range from simple re~1:angular g'.r"idworks to complex curve-
' '1:. ·. 

and surface-fitting relationships;·:, e~pres~iatl through a sophisticated 

approach known as geostatistical analysis~.' 

Since .ore deposits ate three dimensio~l, a:J;"eas of iate-i;est are 

multiplied by the thickness of influence to determine a volume of 

interest. The thickness of influenc;e is generally the dietance between 

the geologic secticins being investigat:ed. Variation between geologic 

sections may be assumed to be linea+, or may be expressed in a variety 

of non-linear fashions. Having determined volumes of influence, ton-

nag.e (!an then be calculated ;from the unit weights of the ore and gangue 

(associated waste). A weigP,t,ed avex:age grade ,~an be calculated and 

adjusted to reflect unavoidable losses in mining and inadvertent l:rtt!lu-

sion of waste material in the mining' pro~~~s. 

F:romsuch a resource estitnate, the actual ore reserves can be 

estimated. O'J;'e implies that a mine'l;'a.1 resource, which has.value; can 

be extracted and sold at a profit. Experts generally classify ore as 

proven., pt'6bable and possJ.ble. A definition of these classes; of ore 

reserves has been at.least partially accepted. This is: 

Reserv:es - Mineralized material i'n an identified 
· d~posit which may be sho~ by exploration to con-
,;~A~.il ore under certain economic conditions. Reserves 
~y' be described as proven, probable or poseiblEh 
d~pep.Q.ing upqn the degree to.which dimensions, 
grade, metallurgical characteristics, and continuity 
have been established by sampling. When used in 
~Qntext with ore deposits, the terms "ore reserves" 
an4 11reserves11 are eynonymous. 

Proven Ore - An ore reserve sc extensively sample4 
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that the tonnage, '~~~~~'L geoiietty aha recover-
ability of the ore :tilth.in the' ofbd.Lor blocks of 
ground under conside~atiai1 cari be iJqmputed with 
sufficient accuracy $0 :that the unlfertainties 
involved would not be & ·factor,· iri. cl:gtermining 
the positive feasibility of a: niin.:hig operation. 

Pt"obable Ore An ore reserve for which suf-
ficient continuity bf. dimens±onshnd grade can 
:Pe assUI1111ad fot: prel.il'nittary financial. planning, 
but fot which the risk. of f ailute in contiilUity 
is greater than for proven ore. 

Possible.Reserves - Mineralized material·of 
which the dimensions and ~p;ade are based on 
geologic correlation: between samples so widely 
spaced or so erratic that additional exploration 
is required to establish whether ore reserves 
are present. 

(Banfield. and Havard, 1975, p. 75) 

The establishment of a reserve base, tonnage and grade, and estimates 

.of th:e mining and milling cost$ and market co11ditions may be used to 

establish an.economic basis for selection of a mining method. 

The design of a mining method has s~-{fera:l distinc.t objectives. 

A production rate must bemaitttained, at a given purity and perhaps a 

given fragment size. the operation must be safe, economical and offer 

conservation (by recovering a high quantity of the material in place). 

Several erubs}'Stelils must be designed w:f.thin these guidelines: ground 

control, m.;lterials handling, .excavation, a11:itiliary and plant funct~ons, 

a:i;id concern :for publ,ic trust. Traditionally, the combilll;ltion cf ground 

control, e~¢1:l.vat;Lon and materials handling defines the mining method .• 

The synthesis of the mining method with the other subsystems forms the 

mining system .. 

Excav~t:j.pn -includes the unit operations wl1ich actually separate 

the rock frqm the ground. These are drilling and blasting and digging. 



Materials handling covers u1iit operations whith carry the material from 

the face to the final loading point. A c.oi:nbiriation of the two is gener-· 

ally considered to be the foc;al point or 1frir1il1g design. The system is 

constrained by the geometry of advance, ~~hich is the size and shape of 

the production blasting round. This advance geometry is further con-

strained by ground control and also requites a logical physical division 

of the mine into working zones •. The system is developed to achieve 

flexibility, although some rigidity is always present due to the limi-

tations of geology, equipment and power sources. 

While only one or two methods may be feasible, a hybrid system 

is the usual practice. The cost must match the value of the ore! with 

a production rate to maintain that value relationship. Underground 

mining methods are explicitly limited to variou.s geometry/strength 

relationships as summarized in Table VI. Some of the typical costs of 

various mining methods are summarized in Table VII. 

Ground control factors define three general classes of under--

ground mining methods. These are.: (1) unsupported methods, which 

require little or no external support for the roof, ribs or men; 

(2) supported methods, which require timber, fill or other support; 

(3) caving methods, which rely on the weakness of the rock and :Us 

natural failure as \'ill excavation technique. These will be discussed 

later. 

If preliminary analyses are favorable, a more detailed evaluation 

is conducted. The size and timing of necessary capital and labor expen-

ditures are fixed, profits are estimated, and the return on investment 

is determined. Since equipment and buildings in mining have little 



TABLE VJ; MINING METHODS ANO THl::IR APPLlCAflONS 

TYPE OF. D'EP.O.~fl'" · 

·VElN 

FLAT, THIN OR 
THICK 

DI PPING, THIN TO 

STRENGTH OF ORE AND .:COUNTRY ROCK 
·STRONG MODERATE WEAK 

OPEN 
STOPING. 

OPEN STOPING 
WITH RANDOM 
PILLAflS 

ROOM AND LONGWALL 
PILLAR 

·:./(: 

MODERATE J SHRINKAGE SHRINK ~~LTL AND . ~== I . 
THlCK 

1::M'l(SS'IV:E,,.lRRti~GlJLAR* OR :1 

DiSSEMINATEO 

At.HJ FILL 

1 . 

SUBLEVEL ----------
STOP.ING 

·.: TO·~ SLIC1"4G I. ; 

SUB LEVEL .._., __ .....-......._ __ . CA\11NG 

l 
TIMBERED 

---------'-----..,.-.STOPIKG 
~-------BLOCK CAVING 

\JI 
0 

·~ 

·I-'; 
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TABLE. VII: COSTS OF VARIOUS MINlNG METHODS 

METHOD cost PER. toN •. · $ 

SURFACE MINING 0.30-3.00 

OPEN STOPING 2.00- 4.00 

ROOM & PILLAR 2 .. 50- 7.50 

CUT a FILL 5.00- 25.00 

SHRINKAGE 3.0o- 12.00 

SUBLEVEL STOP1NG 2.00- a~oo 

TJMBERED STOPING 10.00-50.00 

TOP SL1CtNG 1.so-20.00 

SUBLEVEl.. .. CAVING 5.00-15.00 

BLOel< CAVING 2.00- 3.00 

TONNAGE PER 
MAN-SHtFT 

250- 500 

10- 30 

5- 20 

10- 30 

15- 40 

15- 40 

10- 2.0 

fQ;,.. 20 

15- 30 

20- 50 



other value, they are viewed"'.~r;',1, depreciati~,~, base. A method of 

mining is preferred which wilLyield a maximum of unit ore values at 

a minimum capital cost. Other fixed costs must be included to, cover 

pre ... production excavation, working, capital, and, miscellaneous imtest-
, .. , 

ments in securing water, power, tii:nber, labor and the living community 

or town.site, i.f necessary. 

Table VI!I presents the general unit cost structure of min!ng 

which may be highly.variable. Explicit information is available from 

manufacturers and in the ll.terature. Actual, operating costs in mining 

ip.volve economies of scale, so a range of plant and mine sites should 

be considered to optimize unit cost. In general, higher production 

rates r.esult in lower unit costs, but require grea,ter capital invest-

ment. Several levels of development, plant size and production may 
'"'o/."·"?" . ''!,:•{:.!· 

.result in an equal total return on investment over time, so there may be 

several acceptable alternatives. 

A corresponding range of involvement exists in the marketing of 

mineral commodities. Base metal markets at:e steady to generally rising 

while scarce connnodities, such as silver and copper, exhibit fluctuating 

ma::tkets. The mine planner ])lust consider these and determine which 

development alt~rnative works best with his market. 

Total evaluation re<;tui.res the estimation of a serie.s of costs and 

profits for p~riods in the ndne's life. Traditionally, the ultimate 

valuation of a mine is determined as a net present value according to 

two interes'I;: rates. One rate is the return desired by the. co'Jll.pany and 

the second is a 11saf e11 rate which wquld always be available for :{:he 

redemption of capital. TI1ese practices are almost a century old~ and 
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TABLE vm : UNIT COST :::stRUCTURtS IN MINING ENGINEERING 

DIRECT COSTS INDIRECT COSTS 

FIXED VARIA.BLE FIXED VARIABLE. 

. CAPITAL.. PRODUCTION TAXES INSURANCE 

DEPRECIATION LABOR TOWNSITE PAYROLL. 
TAXES 

AMORTIZATION SUPPLIES UTILITIES SUPERVISION 

·~~''t•f,: 

MAINTENANCE CL.ERtCAL. 
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MAINTENANCE 

CAPITAL 

DEPLETION 



with the adve.nt of computers, uiahy mining companies have chosen to use 

new engineering economic methods for evaluation. Presently, discounted 

cash flow is widely used, although.>net present value, net future value, 

and equivalent annual cost ate eqtik11y ::i.tc.e:pt'.:lble approaches. 

The mine planning phase is often conducted through several ite;r.,-

ations. Preliminary analyses lead to severai more-refined analyses, and 

through succeeding steps, the complexities of design are refined by 

additional details. Usually, one detailed system stands out as that to 

be employed. 

Mine Development and 012eration 

After planning, a certain amount of excavation, or developTI1eP,f 

work, is generally required before the deposit can he tapped. On:ce the 

deposit is reached, the work of e}:tracticn is termed :e_roductioI!,. Since 

every mining method has unique development requirements, a CQncurrent 

description of development and operation is appropriate. Some aspects 

are related to all mining situations, while others must be separated 

into four broad areas: (1) surface coal mining; (2) underground coal 

mining, (3) surface non .... coal mining; and (4) underground non-coal mining. 

These terms are not absolute, however, as the coal-non-coal distinction 

is more one of soft-rock ~· hard-rock and deposit geometries. 

One feature common to any mining method is access. In surface 

mining, this is by road. In underground mining, access may be by 

near-vertical entry (shaft), inclined entry (incline or slope), or 

near-horizontal entry (adit or tunnel), depending on the deposit's 



location and depth. 

Development after the main access may cottsist of driving hori-

zontal openings parallel to th.e:. sitr:i:ke of th~ deposit, which may be 

termed drifts in hard""".'rock mining, and dther flat entries, at right 

angl.es to the sttik~, wl:).ich are termed crosscuts. Vertical openings, 

if driven down.ward from the surface, are shafts, or if driven down frolll 

underground are called winzes, or if driven upward from underground are 

called raises. A place of work is called the working place in hard ... 

rock or a section in coal mining. Other division of the mine into 

blocks; panels, drifts and stopes (hard-rock) or into sub-Ulains; panels 

and rooms (coal), proceeds from the framework of drifts, crosscuts~ 

raises and w"inzes. All such development must proceed in a systematic 

order, to assure that entrie·s ·are developed eatly enough to all.ow pro+ 

duction ar~as to function. 
·' '', 

§\lrf ace Coal Mining, 

The surf ace mining of coal is commonly ref erred to as strip mining, 

since the matet;"ial coveJ;"ing the coal, or the overburden, is re.moved in 

strips to prepare the coal for removal. The differences betWeen strip 

mining methods are in the overburden handling, since the practice$ o.f 

coal handl;l;n,g. are q'U.ite similar. The methods are area mining and con-

tour mining,, depending on the topography. 

Area mining predominates in the Interior Coal Province (Il.linois, 

Indiana, Iow~.~ Kansas, Oklahoma) and the Far West, (Grim and Hill, 1974) • 
• _·. ' : ! 

In arr:a mining, a box cut or trench is made through the overburden to 



expose the coal seam. This cut usually extends to the limits of the 

property. As the overburden is removed, it is placed on adjacent 

unmined land. As the coal is removed from the bottom of the first cut, 

a second cut is started immediately adj;1cent and parl:illel to the first 

cut. Overburden removed in this second cut is placed in that portion 

of the first cut from which the coal has been removed. When the coal 

has been entirely removed from the first cut, the stripping of spoil 

from the second cut is completed. Cut by cut, the mining proceeds 

across the property. The final cut leaves an open trench, bordered on 

one side by the spoil and on the other side by an unbroken face of 

overburden called the highwall. If no restoration is effected, the 

spoil banks frotn stripping resemble a giant washboard or the ridges 

of a plowed field. Reclamation concurrent witlJ.tnining, being environ-

metnally preferable, includes the grading and planting of the spoil. 

The phases of reclamation"'-concurrent area mining are depicted in Figure 7. 

Area mining, if limi.ted by capital restrictions, is small• 

scale. Otherwise it is characterized by giant earthmoving equipment. 

What is an uneconomical prospect to a small operator may, if combined 

with several other such prospects, prove quite attractive to a giant 

coal company. 

Contour mining (Figure 8) is practiced where the limitations are 

not those .of gwnership boundaries, but are those of economics related 

to topography. Mining is typically on hillsides, where the increasing 

depth of overburden as the seam is worked into the hillside restricts 

the operation, but the mining may proceed around the hillsid~, at a 

fixed stripping ratio, and along a g:i.ven elevation or contour line. This 
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mining has provided the nam~\~~-·M&o:ntour tllini11g11 to any operation which 
" 

takes place in steep (>12°) ter,:rain. and irt wh:Lch the stripping ratio 

varies as the physical or economic lim.if:$ of ~chinery are exceeded. 

A range of methods are encouhter~d, ·;i.nclut"tirlg butslope disposal, out-

slope reduction, box-cut, halll.baek, block-.ctj.t, modified area, mountain 

top removal and l,ongwall stripping, as well as the head-of-hollow fill 

method of spoil disposal, (Grim and Hill, 1974). 

Outslope disposal has been the traditional approach. For obvious 

reasons it is scarqely practiced today .due to its environmental conse..;. 

quences. Waste material is simply pushed over the edge· of the working 

bench. A logi(:!al progression of mining methods has developed from this 

seemingly unconcerned approach. 

S.1ope reduction and bo~;,;f;µt- (Figures 9 and;e:~lO) were de:veloped to 

prorlde more control in the placement of spoil• While they do provide 

this, they still have the colllinondra~back that spoil dispOE!al is still 

outside of the working bench. Further developments were necessary to 

realize enviroillllental protection. 

One such concept was the head-of-hollow or valley fill for spoil 

disposal. Figu;;:e 11 depicts this. The method is a logical, controllable 

alterP.at:t:ve to O·utslo:pe disposal. Although disposal is technically 

downslope and outside the solid bench, a specific, controlled situation 

developed. 
· •. ~.· 

Once t;he p.eaq""'.of-hollow fill method had been developed, the, tech~ 

rtiques of block-:-cut, haulback, modified area, and mountain top removal 

mini.ng could be developed. These methods a.re depicted in Figures 13-16 ~. 

They all ~e~re~eµt applications of selective replacement of spQil, and 
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FIGUR~ r5:: ~OUNTAIN-TOP-·REl.'IOVAL. MINaNG 

flGUR~ 16 : TOXIC MATERIAL BACKFILL 



restoration to the approximat'~;~~iginai ·H1£b~~~f in a variety of topo-

graphies. 

Longwall stripping, actuafi:y': underg:tdi:!rtd mining from the sqrf,ace, 

is the latest approach to be ptopbsed· •.. · Wb.iie experimental, actual in-

stal1ation of a longwall. stripp;ing operation is unde.rway. Fitst cuts 

.are established at both edges qf the property and spoil, is placed in 

a head•of..;hollow fill-. Using these cuts as access, a longwall mining 

system is installed and operated through the hilltop, (Gri:tn and Hill, 

1974). 

Underground Coal Mining_ 

Underground eoal mining, since it is by far in thin (less than 
... ~:~· '';' . ' 

5_,tn.eter) and relatively flat beds, is predominantly done by room and 

pillar mining or by longwall oli shortwall 1'~ethods. Such layouts, in 

a<ldition to mee:tin~ the geometry of the deposit and the ground control 

considerations, provide critical ventilation control to handle both. 

methane and coal dust. 

Laws a.ffect f;he pattern of access in coal mining. Barrier pillars 

are reqtd .. red around shafts. Entries must be clr.iven in a.t least: pair.a, 

and :qiµst l;>e interconnected at definite intervals. For this reaso,n, plan 

view of coal mines of ten resemble gridworks or checkerboards. From the 

main entry,· rooms. are driven several hundred meters deep and 10 1,:o 20 

meters wide. 

In a4'van,ce mining, rooms are driven- and all the coal is extracted 

as the rooJn and entries are developed. In retreat m-i.ning, pa.:ne+ entries 



are driven f:tom the main enttieii3~ an,d rooms are driven from the end of 

the panel back toward the ma.in~. 

The actual utlit operations flil?-Y be dlassl.f.ied as conventional, con-
- . . ·' 

tinuous or longwall mining. Iµ ¢Qnvent:tontd mining, undercutting, 
.·c . 

drilli:ng, blasting and coal-lc)adin'g ar~ 6.irr;ied out by separate urachines. 

In c:ontiJ1uous mining. one continl;!.ous miner replaces the cutting,. dril~ 

ling, blasting and loading operations of the conventional mining system. 

Longwall mining originated as a caving system, but today refers to 

systems where the·coal is plowed or sheared from a long (100 iii and up) 

face. As the .face is advanced, the back is allowed to cave, except 

for a small region necessary for the working face, which is supported 

by self-advancing hydraulic props. Figures 17 and 18 depict typical 

underground coal mining app-11eiiches. Shortwall··~ning, a new mining 

method, is essentially a longwall approach with the shearer or plow 

replaced by a continuous niiningmachine. If continuous conveying 

equipment is placed behind the minei: in a. shortwall, it is then some-

times refer.red to as a bridgewall, {Gumm.ens and Given, 1973). 

Non ... coal surface mining may be either placer mining or open-pit 

mining. Placer mining is applied to alluvial deposits. · These deposits 

are generq.l:l;y mined by dredging or hydraulicking, but the applic13_tions 

are limited:i,.n the United States. Placer mining may have severe effects 

on the e~vironment, and since it may become important in ocean-mining~ 

these can become important consideratiorts in the future. 
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Open pit mining is typified.by the giant deposits of copper and 

molybdenum in the Western U. S .~· Over 90% ,of. ·,the U. S. met.al produc-

tio·n in 1972 came from open pit min:es, (Ci1inhiefis and Given, 1973). 

Distinctions in thi.s approach a.'ie ·made ~d~o~'ttiilg to the equipment and 

procedures used for overburden refuerval and' in lhe production and 

hl:lulage units. Specifically, ~·t i$ described by waste haulage method, 

ore haulage method, and ore and waste loading methods. 

Many sophisticated operations research techniques have been ap,,. 

plied to optimize open-pit mining. As available ores decrease in grade, 

large-scale open pit mining will become essential. Proper planning will 

be important if such efforts are to succeed. 

Open pit mining operations may J:i.g,ve extreme problems as far as 

land use i.s concerned. Th~ .. l3i.ngha.m Canyon mine.,.in Utah has been in 

operation since the turn of the cent'µ:i:·y and will likely be in operation 

for 100 years or more. Land masses committed to one use for such a 

period of time are difficult to recomµiit to other purposes. These 

problems will be discussed in the n~~1;: chapter. 

Un4ergl;'.Qu;o,tl N~~C9al Mining 
, .• 2 , .•.. ••"'" .• .,.; •... ·I. ......... ·. . 

Underground non-coal mining presents many development schemes to 

fit. a variety of geometries a,nd grot!nd control conditions, as shown in 

Table VI. These, as previously mentiqned, fall into roughly tl:p:ee 

categories, open, supported and caving methods. 

In open brea.st stoping. or open :i::oom and pillar (Figure 19), ad..-

vance is horizontalt and pillars are left either at random or according 
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to a less sporadic plan. In thick operations, faces may be advanced in 

several lev·els, through the process of benching. 

Open underhand and overhand stpping, underground glory hole, and 

resuing, though shown in the table, are specialized techniques and will 

not be considered here. 

Cut and fill (Figure ZO) and timbered stoping are the major divi--

sions of supported methods. In one case, support is by mine waste put 

into the excavation, while in the latter case, support is achieved 

with timber sets. Although these are high cost methods~ they are appli-

cable in almost any situation. 

Certain mining methods are keyed to the movement of large quanti-

ties of material, and some incorporate the force of gravity and the in-

herent weakness of the ore ··trP 0 achieve productien. These bulk methods 

include sublevel caving and block and pan.el caving, and perhaps large-

scale sublevel stoping. For these, a system of drifts a.nd. raises for 

loading broken ore is excavated below the area to be mined. The ore 

is then mined either by being sliced off, by being caved out in 

sublevel masses, or b:it being caved in total, where gravity does the bulk 

of the work. A typical caving method is shown in Figure 21. 

Shrinkage is unique, although it is sometimes classified as a 

supported wethod or as an open method. It utilizes broken ore for sup-

port while men are working in the stope, but then leaves it open after 

mining has been completed. 

All of these methods correspond to specific geometries, ground 

conditions, and systematic and orderly extraction of the mass. In 

general, larg;e, low grade orebodies are worked by large, bulk systems, 
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while small, high grade ore[)odi:e.st~an be 1woi~~ct by small-scale, more 

selective systems. Further det,aiis regar.di.~~ all of these methods are 
"·'-., 

available in the literature, (Ct.tttihi.ens arid Gi.v~ri., 1973; Peele, 1941). 

Mine closure refers to removing and salvaging mine equipment and 

perhaps sealing or blocking the mine workings, whereas reclamation 

refers to rehabilitating the land after the mine is closed as well as 

during min:l.tig. Since closure is actually preparation for reclamation, 

these processes should be discussed·together. Proper measures of reha-

bilitation and reclamation can greatly enhance the future potential o.f 

the land as well as increase its monetaryvaJue. Without such minimal 

considerations; the land may ·end up in a poor arid.even worthless con ... 

dition.' 

In surface coal mining, acid mine drainage and siltation must be 

controlled, erosion must be checked, and the. topography must be re-

stored to a useful status~ Backfilling and grading, in most instance.s, 

can provl4e the isolation of drainage-toxic material and topographi-

cal restoration. Rapid and a.dequate revegetation is the most important 

factor for controlling of siltation and erosion, and all of these steps 

must be carried out in conjunction with a capable and responsible overall 

mining approacp, (Grim and Hill, 1974; Skelly and Loy, 1973). 

Deep coa+ mines may cause little. surface disruption, althoush long.-

ter.m subsidence is discussed in the next chapter. Grading and 'Qackfil,... 

ltngis limited. The major concern in underground mining :l.s the control 



of drainage. 
"I .~ " J., .. _. •. ·:.'.· ."·~: 

Traditional appro.~C.hes ate treatment, as outli11ed in 

the control technology section.. Treatment systems may require perpetJ'1al 

care, however, so niany studies cf novel treatment techniques and perhaps 

complete mine sealing, W'ith rubber and plastic sealing agents, have 

been stiggested, (Skelly and Loy, 1973). 

Sof t•rock sut.face mines are often Similar to coal mines, while 

hard-rock mines differ significantly. Surface deposits of'hard .... rock 

minerals have various relationships of quantity of overburden removed 

to quantity of ore remo-ved. Moreover, non-coal mines are less amenable 

to replacement of overburden than coal mines. At closure, practice 

is generally to reduce slopes, if feasible; .fence the area, and let it 

be. Usually if water is present these pits will fill up. The lakes 

s-o formed may be useful for~;i,;~cteation, but th~ir depth and temperature 

are ·often unfavorable. The magnitude radically increases when the giant 

open pits are considered. Lit'(:le, if any,'reclamation of Bingham 

Canyon could be conceived of by the a~erage mining eµgineer. 0I1e of 

the ma.jar problems of the.industry,, then, is wb.at to do with. these giant 

operations when they are completed. This will be discussed in the next 

chapter~ 

Some si:niilarities ex;i.st between underground non ... coal and under-

ground coai mines. As with surface.metal mines, however, large quan.;. 

tities of ntl.r..:i;ng waste and mill tailing may be left at mine closure. 

Today, mine planners are e:Xperimenting with the establishment of cover 

crops on mine waste, but there is l~ttle existing reclamation tech-

nolo.gy •. TP.e state of the art in reclamation of underground metal mines 

and' theit: waste and tailing Clumps is very limited. 
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Problems of Mine Plannirl.g and flanagement 

Mining is broad in scope and deep in field. It is also uncertain 

and involves tt1any risks. The. mirting practice is therefore far more 

empirical, traditional and intuitive than ID.Ost other disciplines. In 

the course of its evolution, many of the interconnections of mining 

engineering technology have never been fully developed. Yet with each 

new operation, and approach, this understanding is slowly becoming more 

complete. 

A consideration of the environment is one of the latest of these 

interconnections which must be handled by the mining engineer. A deeper 

understanding of these relationships may help to resolve these addi-

tional uncertainties in the mining procr=ss. 



QUALITATIVE Afi"D SUBJEC'rIVE OPTIMIZATION 

OF MINE-ENVIRONMENTAL RELATIONS 

In a general view, there can be no separate mechanism for "envi-

ronmentally optimum" mining, as environmental concerns must be an 

integral part of the mining process. Add-on treatment in pollution 

control technology is recognized as much less efficient than design 

of the pollution-free process. Likewise, add-on approaches to engi-

neering design are much less efficient than an integrated and compre-

hensive approach. The simply stated goal of the mining engineer is to 

achieve an optimum mining operation, in which environmental consider-

ations are a natural consequence. The historically narrow and shallow 

perspective of the profession has limited the industry's capabilities 

to achieve this goal. Industry has tried to conquer and subdue nature 

rather than cooperate with it. 

Engineers, however, need to be able to distinguish between emo-

tional viewpoints and engineering feasibility. Since mining comoines 

various engineering disciplines -.,""i. th a definite operating philosophy, 

the solution of mine-environmental problems requires that these two 

areas be clearly laid out. This ch<:i.ptei· will stress one of thesf.!, the 

development of definitive philosophy to link the hard-core engineering 

aspects of mining practice to the qualitative and subjective goals of 

environmental concern. The next chapter will describe a quantitative, 

objective approach to this problem. 
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The several direct, ad~~r:J(i.~ffects of fu£ning were noted pre-

viously. These deal mainly with.the quality of water, land and so-

ciety. It is possible to del:L!l.e;cite the g~n~}i:iH types of impact in 

each of these areas; to propos~ ~~al.s arid ih~n to develop general ap-

proaches for achieving these~ to.direct adverse impacts of mining can 

alse be delineated. These are pervasive, subtle and difficult to handle 

in a typically engineering fashion. While conceptual goals can be 

developed for these, the total solution depends on including such col) ... 

flicts in an economic analysis of the mining industry. Such a problem 

is one of the more classic analyses of environmental economi(!s: the 

achievement of maximum. social welfare. Resolution of this economic 

problem provides guidelines to the development of government and inclus-

try-wide philosophies which consider direct and indirect effects. 

Pollution has been defined by some as a resource out of place. 

One new approach to analyzing die relatiort~of pollution, which is 

presented in this chapter and the next, is that a three-component re-

lationship produces environmental affects. The three parts a.re (1) the 

rei;1;ource,· a basic characteristic of the environment, (2) ·the action of 

manwllich moves that resource ftoni its normal place, and (3) a receptor. 

of the itnpaizt, a person, place or thing which realizes a value or lo.ss 

from the resource relocation. The overall efforts of environmental 

control shou14 be directed to assuring that resources are moved to the 

lea.st offensive position possible. The use of the unique three~compo-

nent relatiop.ship is helpful in pointing out that man can only alter 

actions: m~n neither can remc:p1e the resources from nature nor elimi-

nate the receptors, he can merely revise and alter the actions which 
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relocate resources. 

Any solution must be reaso?aoly acceptabl,e to both sides of the con-

flict, i.e., to the industry and to.the erivirOnmentalist. The antici-

pated result should be a blend of mining engineering and the environ-

mental arid social sciences, to produce ;s true 'i'marriage" of these fields. 

Direct Adve;rse Effects of Mining 

Many of these effects ar.e local, such a$ haulage-road dust, blas-. 

ting noise, or air pollution from processing plants or burning. refuse 

piles, and are similar to problems in other industries. They are con-

cerned with unit operations common to other industries. They are also 

point-source d;i.schargas, as they occur at one physical location, and can 

be controlled a:t that locat:f.on. While their solution is t'equired, the 

actual relation to the total_minl=i;.;,,envirorimffut system is minor compared 

to the scale and degree of the larger problems of the deterioration of 

land and water. 

Si:x: major categories of impact can be identified. Three relate to 

water qµality: (1) mine drainage, (2) siltation and erosion, and {3) 

thePDa.l discharge. three pro.blelils relate to land. quality: (l) total 

area involved by mining operations, (2) geographic indifference of 

lllining, and (3) the degree of land involvement by mining activity. More 

generally, it can be seen that these effects oecur because mili.iD,g (action) 

disturbs a particular set of physical, che1nical and biological condi-

tions (resources), and the manifestation of this is found in the water 

at1d on tl~e, la.nd sarface (receptors). Since the degree of disruption 



varies with the mining method~ :qsed, (surf~~e vs. underground, large-

scale vs. small .... scale), the so:I_utions must also vary from method to 

method. To identify the actions involved, those which can be altered 

to alleviate such direct, adverse e:ffect.s ~ ea.ch of the areas will be 

reviewed. General and s'IJ,bjective guidel:i.ries . for alleviating impacts 

in ea.ch area will be presented in t~is chapter,. while quant::Ltative, 

engineering optimization will be presented in the next. 

Water Q~lity Relationshi:gs 

·Mine d,!"ainage is often referred to as acid mine drainage,. or AMO· 

for short. The ''acid11 name is applied since hig:b..ly acidic coal mine 

drainage is the most cOIPn10n.problem, though, mine drainage may.also be 

basic and contain 0ther ions. In coal areas, the iron sulfides pyrite 

and marcasite a.re associated with 'virtufilly all deposits. These minerals 

are also prominent a.round the m:ajor source o·f metallic sul:t'ide ores. 

Py:tite and marcasite, often referred to collectively a "pyrites:,''' . . 

have the same formula, Fes2 , differing only in crystal structure. When · 

pyrites are che!Ilically and biologically oxidized in the presence of air 

and wat~r, tr:+ey react to form sulfuric acid and various ferric precipi-

tates. Several rea.ction.s .occu:i:- in the phenomenon. The rate controlling 

step of the reaction series proceeds very slowly at a pH less tha.n 4, 

unless a cata.J;yqt is present. The bact·eria Thiobacillus ferrooxid~s 

can accelerate this reaction by a factor of up to 6 million, (Syracuse 

University, 1971). 

· In virtµaJ.ly any si tuatioh where sulfur-containing material is 
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left exposed by a mining opei'fl.dcHi, acid and metallic hydroxides will 

be formed. In most situations, the reql1ired b~.cteria are present to 

serve as the catalyst, and the reaction speed 1.s increased. While all 

drainage situations are unique, Iiiahy coal seams occur near, or as, 

aquifers and possess the potential for high flows and correspondingly 

high acid problems, (Lovell, 1973). 

Even when sulfides and acid formation do not occur, the formation 

of adverse mine drainage is possible. Water may react with the very 

mineral being mined (salt or potash). 

A combined problem, siltation and erosion, is of particular im-

portance in surface mining. It may affect underground operations v1here 

high flow rates and numerous suspended solids are encountered. Salinity 

and suspended solids may have pronounced adverse effects on such 

stream life as is critical to self-purification capacity. Dissolved 

solids, though not directly toxic, may sti.1.1 exhibit chronic effects 

(stunted growth, reduced palatibility) on the stream life, (Skelly 

and Loy, 1973). 

Erosion is primarily an effect on the landscape. However, since 

i.t is pr:l..iuarily caused by the action of water, it is usually conside.red 

as a water-related problem. The action of erosion due to surf ace 

mining places dissolved and suspended solids in the drainage. 

Deep mines from which water is discharged may possess the threat 

of thermal contamination. As the geothermal gradient is i.soc per 100 m, 

deep mines in places such as Butte, Montana may discharge. 45oc wa.ter to 

atmospheric temperatures of 5 to 10°c. The resulti.ng thermal shock can 

be devastating to the hardiest of stream life. 



In summary, any phase,'6:t-aspect of t:hemining operation has the 

potential to contami.nate lii'ate.1:-. · Exploration activites often utilize 

crudely constructed access r{)ads,·contributi!lg significant problems in 

erosion and siltation. The ~ning Law of .. 1872 requires that a certain 
:· .. : . 

' . -
amount of development work be- regularly p~r·fdrmed to prove a claim. 

In many cas~s, such work consists of digging a pit or trench with a 

bulldozer, then crudely filling in the opening, in a manner which 

enhances siltation. Drilling operations may contaminate gro'U,nd water 

by serving as an avenue for infiltration of outside contaminants, or may 

bl'."each aquifers causing their discharge .to the surface. 

As th.e mining activity expands, more openings are created in the 

ground. These further enhance the transport of surface water into the 

gro1.1nd and ground water to•s'urface, as well as for the contamina:tion of 

both surface and subsurface. The expans:i-011 of mining activity also 

introduces the possibility of water contamination from the ordinary 

re.fuse of mining: waste rock, tailing, sanitary waste~ oi.l, grease, 

water from drilling, paper, wood and fibrous materials. Some mines have 

highly contaminated effluent water as a result of extensive conct"ete 

o·pe:.rat;Lon$ and stope•filling procedures. 

The g.eneral aspects .of mine-level control often require only com ... 

mon se.nse approaches. :However, the problems occur over a large physical 

area; ·they are not so easy to control as the simple one.-point ciischarge 

of a pipe. Care in siting access roads, performing required develop• 

ment (such as eJi;cavation) and the sealing of exploratory h9les can. 

greatly riaduce the polluti.on~ Most operating mines install settling 

and clarification equipment specifically to protect thei.r pumps·, It 
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Would be relatively, easy to d°esigri fo+ an extra load to reduce the SUS7 

pended and. dissolved solids. Everi the bestc bf practices, however, are 

inefficient if continuing maintenance and. ·!llqhitoring are not performed 

through and after the mine closur~ period. Abandoned mining areas 

today and their associated poor water quality testify to this. The 

difficulties of perpetual care of otherwise abandoned mine operations 

, can usu.e.llybe minimized with proper approaches to abatement and pre-

vention, though all of the problems may not be completely solved .• 

Land Quality.Re],ationships 

One aspect of the land quality effects of miliing, which seems to 

be almost .trivial, is the old adage, "gold is where you find it.n 

WM.le thi:s may seem to be an obvious point, the.ta are still many who do 

not realize that mines must be g¢ographically located at the mineral 

deposit, and cannot be sited as in other industries. 

Given. this basic constraint, two ID.Ore relationships of land quality 

can be discussed. While mining occupies a relatively small portion of 

the surface area of the United States, the industry appears as totally 

encompassing to those who live in the mining areas. The degree of in,;;. 

volvement will vary depending 9n several factors. Undergroun(f mines are 

less involving than surface mines, and large scale, of course, is more 

than small scale. The degree of surface involvement will also·v~cy with 

the relative geometry of the deposit and topography. A final di.stinc-

tion of la.n~ quality ls in the quantity of mineral refuse produced by 

the mining. Minerals such as coal are typically mined in low-:i;-efuse 
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operations. Minerals such as tlie base metals may be mined in a manl,ler 

which leaves 99% of the rell1oved volume as .:r~aste. Discussion of the ad-
. . ' . ·. ~ 

verse effects on the land will be: developed; then, from s;i.x points of 

view: the combinations of surface or und~rground with non"!"coal or· 

coal m,in;i.ng and small-scale vs.· iarge..;.scale geometry. 

Surf ace . Mining. of Coa.l 

Variations in land quality disturbance occur in the surface mining 

of coal. dependent on the scale of the operation and on the actua:t ·type 

of involvement. Large·scale contour methods, such as block-cut or moun ... 

tain-top-removal with head-of- hollow fills, as well as area mining i:n-

volvements may well result in minimal land-surface degradation if proper 

restoration and reclamation practices are followed. In these instances, 

the land is resto·red to a desirable contour, and the amendments and 

. other efforts of rehabilitation may well result in post-mining land-use 

values greater than those prior to mining. Incompetent small-scale 

contour stripping, with improper or no backfill and uncontrolled out-

sl()pe disposal, can isolate mountain tops and leave useless combinations 

of 'b;ighwall$, benches and el'."oding, unstable outslop·e areas. 

If the m:l.ni'tlg operation t1?-kes place in a forested area, the best 

of restoration practices cannot hope to restore the forest situation im-

mediately. The time required for complete restoration of a forest is 

50 to 250 years. However, the alternative may exist to put the post-

mining rec.J,a:imeP. land to an economically m.ore desirable or "higher" 

use, such as foJ: farming, grazing or construc.tion. If an a.tea is in the 
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opposite status, where use, ~itfier designat·e,c_ or assumed, has been apd 

likely would continue to -be as a f..Tilderness area, then the question can 

be raised regarding the destructi~n of this use by mining. 

The extensive reserves of coal in the Western United States pose a 

different type of current use vs. future use problem. The details of 

these geographical areas and their problems are well-documented in the 

current literature. High mountains blend with vast grassland regions, 

and climatic extremes prevail. Current land u.se has been developed 

around the seemingly desolate nature of these areas. Grazing and forage 

for domestic and wild animals prevail, with some minor farming and 

major capabilities for recreation and tourism. Although the extrac-

tion of minerals is an historically well-developed practice in the area, 

mining and petroleum ventl.l.res curre!ftly compl"ise only a fractional per-

centage of total land use, (U. S. Dept. Int. , 1975). 

In such areas, it is argued that surface disruptions will severely 

alter the very fragile and unique ecosystems, and that restoration with 

these systems surviving :i;s impossible. .Mining companies feel that a 

responsible and reasonable program of reclamation can produce land suit..;. 

able for the grazing, farming and recreation uses which now predominate. 

Both opposing lines of' reasoning are partially correct in their 

own :right. The potential economic level of use is, indeed, perhaps 

higher in tne post-mining case; however, the aesthetic value may be 

lower, and the use must relate to the availability of a variety of other 

necessary resources, specifically water, which are critical and limited 

in these unique systems. The main adverse relationship which must be 

addressed; is the determination of that specific portion of land which is 



to be mined, restored and upg~a4ed to hi,ghet ;;i,lternate economic use as 

balanced against that portion of the land wl'Jic'ft must be left undis-

turbed oy the efforts of minirig, at a higher na,tural or aesthetic use. 

Consideration of cases other than coal mining magnifies the con~ 

cern over the time frame of disturbance. Coal mining e::iti~ts within a 

relatively short. time frame, 5 to 10 years. The Bingham Canyon. mine and 

its 100 year life have been previously mentioned. As is the typical case 

in. non-coal mines,, the deposit is vast. It is the largest n'line. in the 

world. In contrast to the coal situation, the amount of :QI!;lterial actually 

shipped from the mine is very small in comp;.i:tison to the ·amount of 

material excavated. Current daily production of ore arid waste is in 

excess of 300 thousand tans, of:, which less than 1000 tons is extracted 

as metal. (In contrast, the largest of coal mines extract 3 milildri 

tons per year - less than one month's production from Bingham Canyon)~ 

Essentially all of the excavated material is disposed of as waste,. 

either on the rock dump or as mill tailing. If the mine were sh.ut down 

today, there would remain a large hole, tailing ponds and waste dumps, 

all devoid of any soil and on which any reclamation efforts would likely 

require years before success w-as achieved 

Underground Mining 

Two a4verse .effects of underground mining can relate tq l..q,nd use: 

---------~-- --- ·-

I 
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(1) the disposal of waste and(2) the effects of subsidence. The geo-

metry of mines has changed over tirne, as small, detailed and selective 

or high-grade methods have yielded. to large, bhlk or low~grade methods. 

The extracted material has increased as has the percentage waste. Both 

of the problems have been magnified by this change. 

The underground mining of coal, potash, trona or other non-metallic 

and bedded material results in the least problems. The seams are 

relatively flat and thin in comparison to the overburden covering them. 

For example, a 2-m coal seam might be covered by 200 m of overburden. 

In rural areas, subsidence is less controlled, and an occasional farm~ 

house or barn may be damaged. However, the regular nature of the depo-

sits has permitted controlled and successful subsidence under major 

water impoundments or in areas of extensive Sur;face use. 

Traditional hard-tock ore mining :represented a transition from 

the subsidence problems to waste disposal ones. Historically, thin 

deposits were worked as veins or beds, and by non,-subsiding, supported 

methods. The effects of subsidence were also minimized by the rela-

tively high proportio11 of overburden to mined volume. In hard-rock 

mining, less of the ore is extracted in processing, though, so large 

waste and tailing dumps appeared around the mine workings. 

Recent technology has allowed the miner to extract the resources of 

the earth more cheaply, and to win and refine values from lower and 

lower concentrations of minerals. A shift has occurred from selective 

mining methods to large-scale, bulk, especially caving, methods of mining. 

The simultaneous d,evelopments in metallurgy, which allow extraction of 

values from high volumes of low-grade ore, combined with such an 
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excavation technology (higri~jof,~e prodtict:le·~ rates) approaches the same 

problems as those associated'with open pit mines. As a specific example, 

the Henderson Mine of the Climax Molybdentnn Co., Division of AMAX, Inc., 

is expected to extract 400 mi.l,lion tonnes of molybdenum ore by panel 

caving. The grade of the ore is approximately 0.4% molybdenite (MoSi). 

The mining plan calls for the remo'l7al of a 1700-m cube of material from 

a depth of only 800 m. Over 99% of that material will be left as tail-

ing. The S'Qrface subsidence, tailing pond and other disruption will 

represent significant problems in land use management. 

Guidelines to the Sal.ution of Direct Adverse Impacts 

No additional steps mus·t necessarily be added to the traditional 

minirtg approachei:i 'l:b acc·omplish a res-0lutio11 of the adveY;se dire<:t 

effects. Instead, two seemin~ly trivial but often neglected guidelines, 

if followed, will s~rve to direct the mining activity along the proper 

course. (1) In the design of any system, steps shauid be taken to 

minimize any effects at environmental interfaces. !f such an abatement 

step is taken, then tb.e inevitable contaminating events which do occur 

a~ a resource is·~splaced at these interfaces are to be handled by the 

second gt4de1:{.ne; (2) use the latest most comprehensive and inclusive 

.engineering arid scientific technology to eliminate or minimize the 

degree of misplacement. The appropriate application of these guidelines 

requires, again, a review of the mining situat;.ions by types: under.,. 

ground coal 1 underground noT;l..;.coal, surface coal and surface non.,.coa:l. 



Under&round Coal Mining 

Three major problem areas in the u1;1dergrt>und mining of coal are the 

land quality effects of subsideri.c.e, tlie Q.isposal of solid waste, and 
. . .. 'i' ' 

the water quality effects of mine drainage. 

The traditional approach {>l~ns for s,ubsidence immediately following 

extraction or during the operation as an inhe1rent response. Optimization 

of the subsidence generally implies minimization of it$ effects. this 

is often accomplished by estimating its intensity and specific location 

and noting the structures or features which will be affected. Reloca-

tion of structures, of drainages, and of impoundments is connnon practi.ce 

in the industry when such effects are forecast. Few.changes can be 

recommended to the.se aspects of subsidence control. 

However, the e.ffects of la:rge-area subsiden:ce an vast and intercon ... 

nected, deep and shallow groundwater fiows and aquifers is poorly under·· 

stood yet .can be profound. Particularly in the west, water-bearing 

st:rata are closely as·sociated with the coal seams, or are these seams 

themselves. Water cannot be sealed in--place if the aquifer is to be 

removed, and in most cases it is equally impossible to remove the water 

prior to !ni.ning, .save and then restore it. Explicit steps have to be 

taken and in o+der of preference they would be (1) to seal the water in 

place; (2),'to drain the water and store it in some location for future 

use; (3) tci seal the aquifer partially, storing part of t:h,e w~ter under-

ground !or fut:µre use; and (4) to divert present flow to streams where 

best use can b.e made of the water, (Bisselle, et. al., 1975). 

Such. cqn,cerns overlap those of mine drainage. Prevention of any 



noxious drainage is certainly preferable to the treatment processes. 

W'nile pre-mining dewatering is obviously the ultimate solution to pre-

vent adverse drainage, current technology will not support such a move 

except in rare, local and small-scale circumstances. Sealing of the 

active mining area to preclude any noxious flow, surface or subsurface, 

should be considered as a logical alternative in the total-system form·~ 

ulation of alternatives. A problem in such an alternative is the selec-

tion of the specific method, since many are available with varying costs 

and effectiveness (Table IX). 

If mine drainage does occur, as is normal, there are various tech-

nological approaches aimed at neutralizing the pH and reducing suspended 

and dissolved solids. The efficiency and effect of such processes is 

generally stipulated by regulation.. These effluent standards apply 

equally to every mining operation within a given judicial dom..s.in. The 

dispute of stream standards vs. effluent standards could, however, be 

raised. It is, therefore, difficult to select one process which most 

economically and efficiently meets effluent standards for a specific 

installation and the non-point sources found in mining. 

Present practice uses hydrated lime as the treatment. Future efforts 

may favor novel approaches as being specifically more acceptable. These 

include reverse-osmosis, ion-exchange and ozo.ne oxidation, as well as 

the addition o;f ot):ler reagents similar to lime such as potassium hydrox.-

ide, sodium hydroxide or limestone. Extremely novel approaches may be 

developed for individual cases. The possibility has been raised of 

using a trickling-.filter type arrangement to take advantage of the 

actions of Thiobacillus .51..E..· in a biological reactor system, (Lovell, 



TABLE IX: METHODS AND COST$ OF t.UNE; WATt::R S.EALl"G 

CLASS MET HOD 

HYDRAULIC 
. . Sf'.AL 

PERMEABLE 
PLUG 

DRY SEALS 

AIR SEALS 

GROUTED DOUBLE·. BULKHEAD 

GROUTED SINGLE BULKHEAD WITH 
CUATA.IN GROUTING . . .. 

QUtCK- SETTU~G DOUBLE BULKH~AD 

EXPANDABLE. GROUT RETAINER RING 

GROUT.ED LIMESTONE AGGREGATI; 

REINFORCED CONCRETE (EST.) 

UMESTONE BARRIER 

COMPACTED CLAY 

MASONRY 

T IM&E R, MASONRY & U,RETHANE 

.LOW. 

8,300 

3,600 

----
8,850 

l5,000 

3,000 

950 

1350 ·• 
3,100 

{OOYLE, ET AL. 1 1974) 

COSTS .L 
. t ' 
HIGH AVERAGE 

58,000 '9~600 

EST. 4;500 

9,600 8,500 · .. ·;[ 

3,350 ... ·~ . :~ 

,·; 

S.850. a.te5o ·:~ 
·i 

20,000 ·;;;~; .. -~ 

8,500 ~750 

a.400 1;480 

6,400 3,500 

·J4,800 4,100 



Disposal of coal mine ref µse m:ay possess the potential of acid mine 

drainage and the danger of combustion. Guidel~nes for mitigating the 

draip.age· problems of gob p:lles are more cominon sense than exact tech,;_ 

nology, since only the general, and not the te¢hnical, aspects of gob 

are understood. The avoidance of combustion is complicated py the spon-

taneous comb1,1stion capabilities of coal refuse. Pyrite can oxidize and 

produce sufficient heat to set the coal in the pile on fire, and G-ause 

further oxidation of adjoining pyrite and other minerals. The answer to 

both acid drainage and spontan.eous combustion problems is the removal of 

·moisture and oxygen. Concurrent sealing of the surface of the waste pile 

and design to minimize total surface area and air-water contact are st.eps 

to be taken, through an apprp{1!,ch of (1) prope:r,.base preparation, to seal 

ground contact, (2) design of stable slopes that are still steep enough 

to minimize· infiltration of rainwater, and (3) rapid sealing of the surface 

of the pile, covering with topsoil, and establishment of a cover crop, 

(Grim and Hill, 1974). 

Sur.face Min:i,na._.of _Coal 

While miI).e d.rainage and r,efuse disposal a-spscts of surf ace coal 

mining .;i.re quite similar to tho$<e in underground coal mining, many im-

mense new problems arise when the la11d surf ace is massively disrupted. The 

treatment of drainage and refuse is similar to that for underground mining. 

The resolution of land-quality conflicts in surface mining, hqwever, is 

much more diffieult. 
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The mining industry is''alr'eady in a poor public position. Past 

practices have shamed it in the eyes of the public. The industry re-

lies on past methods and seem.s reluctant to remedy such poor images. 

Linking pastj present and future land, uses, merging and synchronizing 

disruptiQn and rehabilitation, c.a.nnot be handled through technology 

alone. 

NEPA requires the United States'to n1Bintain environmental quality 

in all endeavors. Project Independence requires that the United States 

become energy self-sufficient? primarily through the immediate develop.-

ment of coal resources. A solutiori, to both policies requires that a 

total approach be developed to optimize the production of coal and envi-

roI'l.mental quality. These conflicting goals may require entirely dif-

ferent approaches to the surface mining of coal. . ~ ::.;.'-: .. . ' .. ·~ .. ,,.. .... ,,,,.: 

Uncontrolled contourinining without reclamation deeply scars the 

land. Current regulation and technology may provide effective rehabili-

tation if carried out concurrently with the m:f.tdrig operation. However, 

both the surface area disrupted and the amount and location of spoil 

must be optimized to achieve an appropriate result. 

Good ptactice in contour mining requires that only those methods 

be u$edwhich place the spoil on the bench or in a stable, .controlled 

outslope location. More specifically, the only possibly suitable methods 

in use tod~y are block-cut, ba,ulback and m0un1;ain-top-removal ! as pre-

sented in a previous chapter. In these applications, ex~ess spoil must 

be disposed o! in a head-of-hollow fill. The total area dism,i,pted is 

kept to a nP.nillJ.µm, the working bench, and the spoil is located in a more 

easily controlled and central location. Thes~ methods may also be 
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economically feasible in comparison with other,· less environmentally 

suitable approaches. 

Auger mining should be discontinued. The practice raises too many 

environmental questions. Auger holes connect surface and subsurface 

drainage. The consequences of augering are virtually unpredictable and 

in most cases uncontrollable. The value of augering is also suspect 

from a conservation standpoint. While more coal is recovered from one 

operation, augering achieves this/a.t-·a sacrifice of 35 to 50 percent 

of the. augered-area' s total coal.··-' This coal is so perforated that it 

cannot be mined by underground methods and so little is left under 

so much cover that it is not likely to be re-mined by surface methods. 

Augering may seriously jeopardize the capability to apply novel techniques. 

Area mining is that method which is classically attacked by the 

environmentalists. Rehabilitation cf area-mined lands possesses minor 

problems in the east, where simple r.eclamation is usually sufficient 

to bring the previously agricultural surface back to full productivity. 

Most of the problems are associated with multiple seams, with thick 

seams at shallow depth, or with fragi.J._e surface ecosystems based on 

limited, almost non-existent, topsoil and scarce water supplies. Such 

problems prevail in the Western United States, where the multiple, in-

adequate alternati,ves present great difficulties. 

Since a stripping ratio of 20 tons of overburden to 1 ton of coal 

is practical in some areas of the Eastern United States, it is not un-

reasonable to project that stripping r;:ttios of 20 to 1, as c.ompared to 

the current less-than 5 to 1, might be practiced in the west. For a 

15 .... m coal seam, such a ratio would imply that 300 m of overburden could 



be removed. Therefore, the sttipping limits are the mechanical pro-

perties of the equipment, not economic o:he$. 

However, if surface mining is started in this western region, 

there are depths past which underground mining becomes more feasible 

for today's technology. Present day "high .... g:rading" might limit future 

surface mining of deeper reserves. Surface excavation may exclude 

access to deeper reserves for underground mining. Conversely, deep 

mining may extract less of the resource, since its applications to 

thick seams a.re scarcely understood and severely limited, and the act 

of underground mining may preclude surface mining. Such a region might 

well be characterized, then, as neither amenable to surface mining nor 

acceptable for underground mining . 
• In addition to immense technological con.aiderations, the surface 

environment of fragile and complex, slowly developed life systems must 

be considered. Despite the best of efforts, actual restora_tion of these 

to their pre-mining states is difficult or impossible. There may he no 

real need, however, to preserve all of the western lands in their pris-

tine state. Unique areas could he set aside as necessary, if other 

less-unique area.s are allowed to be developed for mining. 

An interesting link between the sheerly technological and tlte 

sheerly environmental aspects can be seen. Much of the prime coal 

land, thick seams at shallow depths, lies under the fragile surface-

system areas. At the fringes, thinner seams lie under slight:J..y thicker. 

overburden, which underlie less-fragile surface systems. Coal dev~.lop-

ment could be restricted to the less environmentally involved areas. 

While there would be a somewhat greater present expense, and le.ss prese11t 



time value to the companies iii'&-estmehts~ an environmental and mineral 

resource will not be wasted. The fragile ecosystems and thick-seam 

coal deposits will be reserved until technology will allow the exploi-

tation at the fullest possible extent, whilecurrent coal production 

requirements can still be met. 

Underground Non ... coal ~...inin.g 

In underground non-coal mining, the importance of subsidence con-

trol and solid waste disposal are increased. As lower grade ores are 

mined, bulk methods, incorporating subsidence as an integral part of 

the process, are employed. Even room and pillar mining and sublevel 

stoping are being practiced on such a large scale that they can be 

classified as a bulk method'. In these latter cases;, while the subsi-

dence is not designed or required, it is recognized as a. natural con-

sequence. '11he extensive subsidence over large areas which may result 

from bulk, underground mining may b~ more devastating than surface 

mining. The disruption is not controlled and direct, and the hole 

can 1 t be filled. 

Subsidence can be avoided if fill is used. The cost of such oper-

ations are up to 10 times the costs of others. If the price of the 

mineral can be raised, to reflect the internalization of suc}:i costs, 

then the damage could be eliminated. This is not an eccinomically 11ela-

stic 11 situation, however, as there is no in-between situation: the 

mine either caves or not, so the question is one of a tenfold increase 

in cost. 
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Surface Non-Coal Mining 

Surface non-coal mining is probably the most environmentally of-

fensive method. As previously mentioned., the problems are the life span 

of the open pit mine and the necessity f6f· huge volumes of material 

excavated to be completely dumped away from the mining area. There are, 

however, few reasonable alternatives; specifically, there are quite 

noxious and non..,mitigatible aspects to the alternative underground, 

caving techniques as well. F'or this reason, surface mining may be 

tolerated, but should be practiced at minimal and then decreasing 

levels. Acceptable methods of the future will be determined by 

consumers, and may be a combination of bulk, open pit and controlled .... 

subsidence approaches. 

Indirect Effects of Minin~ 

Many poss:i.ble effects of mining can be identified in an indirect 

fashion. 'While their aspects can be enumerated, their values are 

difficult to determine. Tremendous problems must be handled. An iden-

tification of some o:f the benefits and costs to the total welfare will 

be usef'ul. 

Some indirect effects, o:f a scientific nature, are more direct 

but removed from the mining system. :Vrlning may disrupt the he.bitat of 

a predator, or increase some pa:tticular water· contamination parameter. 

While these f.tre not direct pollution at the mine site, at some location 

removed from the mine they become direct effects. 

By far the greatest number of indirect effects reside in the 



socio .... humanistic areas. 
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These a1most overwh~ltning relations are 

qualitatively obvious and quantitatively perplexing and involved. 

The sociological side-effec:i:$ of mining if.'.ay be profound. Mining 

rarely occurs in urban locations - it is almOst always in an isolated 

or rural setting. The development of a mine may add a structu;r;e and 

order to a to;;vn o'r community,. to that which was previously present. a~ut 

in time, the situation may reverse. Too many people may become dependent 

on mini.ng and diversity shrinks. Concentration and dependence on mining 

reduces the vigor of the community and its response to stress. 

Politically, the side effects of mining can also be overwhelming. 

The goal of the.mineral producer is to regulate the market structure 

of the particular commodity so as to accrue the most wealth, be it 

government~ co.m.pany, individµ~l or associat:iog who owns the minerals. 

Iti opposition, all competing producers are also manipulating the market 

and the political struc.ture to concentrate power, to gain for them-

selves this controlling interest, and to forestall. others. 

It is extremely difficult to delineate specific indirect economic 

effects of mining, since indirect effects of many areas in.flue.nee the 

valuas measured in the economic arena. Resolving conflicting· relation-

ships~ balanc:lng internal and e~ternal concerns,. is the most severe 

problem of minia ... environmental ana1ys:i.s because of the difficult·y, :lf 

not impo.ssibil:i,ty of linking quantitative value to indirect socio-hu-

manistic effects~ 



An Economic Structure for Solution 

The analysis of mining and the envirortfue;:it hinges en the ability to 

derive a new structure for general mine design, a system including direct 

and indirect relationships. This is really one of the more classic eco-

nomic problems: to maximize social welfare with regard to the provision 

of two t·esources, mineral products and environmental quality. Maximi-

zation of social welfare implies "Pareto-optimality," the classic cond.i·-

tions of maximum social welfare first identified by the Italian socio-

logist, Vilfredo Pareto. Two specific economic conditions must be met: 

(1) the value of the last unit of environmental quality consumed and the 

last unit of mineral commodity consumed must be equal for all consumers 

and (2) the marginal cost of the last unit of e.ach product produced 

must be exactly equal to the market price of that unit. There are, 

however, several problems which prevent the Pareto,..optimal situatio11 from 

being achieved in our economy. Nonethe;less, if these problems are at 

least partially resolved, then there may be a move towards a Pareto-

optimal situation, which may be an optimizi1tg move, (Seneca and Taussig, 

1974). 

Imperfect competition is one such drawback. In cases of monopoly 

or oligopoly, gove.rnment intervention is usually suggested. The basic 

assumpti.on is that private enterprise alone cannot equitably and effi-

ciently resolve the situation. With such a limited or broad spectrum 

of competition as is present in the various mineral industries, efforts 
• to perfect the <~ompetitive structure must be C•Jmprehensive and selective 

at the same time. The various governmental. means of control, taxation, 
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regulation, prohibition, or ±Jtervention, '\-rhile used in many ways, are 

still subject to debate as to their values, It is an accepted vi.ew-

point of environmental economics that taxa.tion and subsidy seem to be 

the best approach, as they establish an economic basis in right and re-

sponsibility to marketing a commodity. In a different light, taxation 

and subsidy place the cost of environmental protection on those who 

purchase or produce environmentally related products. 

The mining industry is dynamic and yet uncertain. Pareto-

optimality is generally regarded as being possible only in unchanging 

situations. However, facilities can be designed for a specific situa-

tion but to handle deviations up to a limit according to the safety 

factor used. A :ruine ..... environmental solution shouJ.d be designed with 

such a safety factor or surge capacity, to make the system more stable 

under stress. In a dynamic and uncertain situation, the system can still 

respond in a reasonably predictable fashion. 

Government policies regarding natural resources do not resolve 

equity of distribution, the question of who gets the benefits vs. who 

deserves them. Equity of distribution requires, in the economists' view, 

some esta.blishment of ownership. 'l'he government is accepted by econo-

m.ists as an alternative owner of environmental quality. Its corrective 

and regulatory actions do not necessarily make things better, since it 

seems that many of the programs of government result in gains for few 

·and losses for the general public, while total gains are only somewhat 

larger than the total value of losses. Clearly, then, less government 

bureaucracy, and more appropriate structm·ing of benefit-cost rela-

tionships should be developed. 
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A lack of understanding;S.nd:~ perh8;p§ iliore importantly, a coni'lict 

in motives, combined with a lack of appreciation, by the public for 

mining and reciprocally by mining. for the public, are the most serious 

drawbacks to economic resolution b:f mine'."'E::tJ.Vironmentalproblenrs. Educa-

tion, first of the public wj,th regard to min} .. p.g, and of industry with 

regard to the public, will be necessary to foster responsible environmen-

tal approaches. Such progr8.11'.).S would be stimulated· it some of the pol-

lution-control costs of mining were internalized and passed on to tl'1e 

consumer. The desire to know where his money is: going would encourage 

the consumer to learn about the mining industry. 

Government .. Level Respons~ 

The proposed. solution tq ~.~e mine-envi:i::onmental system begins 

with a moderate and minimal taxation and. subsidization program to make 

consumers and industry equally concerned. Rather than as with a price-

fixing approach, the method s.hould involve a. more equitable distri:... 

bution of benefits and costs. These costs would place the burden of 

environmental degradl.ation, either as producer or consumer, and would 

conversely add econondc incentive to reduction of pollution. In the 

long run, a .. concerned and informed consumer body woUld negotiate with 

a concerned and informed industry to determine the optinn.un supply-

demand relations for mineral resources and enviror..,mental quality. 

Necessarily, however 9 this structure would result in a decline of' 

output, higher market prices, reallocation of property rights and a 

potential decrease in profits. Business generally opposes these, and 
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could exert opposition to its legislation. The consumers would also 

balk at higher prices. These incentives are viewed by environmental 

economists as necessary. Basic, free-market relationships must be 

created, (Seneca and Taussig, 1974). 

For such a system to be developed, government and industry tactics 

would have to be reorganized and reformulated. A regulatory approach, 

which equitably and efficiently distributes the concerns of mining and 

the environment through the free··market mechanism, seems to be the most 

appropriate one. It would also provide the best framework within which 

the mine planner could function. 

Industrv Level Response 

Two optimization procedures can be brought about on an industry 

level. The industry should strive: to view all environmental-regulation 

approaches as though they were economic ince1i.tives, and try to inform 

the consumer group as to their specific problems and how they relate to 

the free market economy. 

The key element in the philosophical reorganization of the mining 

industry is to recognize that envil''onmental regulation need not be a 

police-force approach and automatically opposed, but rather it is an ad-

ditional set of constraints and incentives added to an already-complex 

economic system. Yet the mining industry is extremely prone to regard 

environmental pressures as adversities only. If it could be persuaded 

that a given level of environmen-tal concern not only meets the regulation 

but provides a reasonable re.turn on investment, it might be willing to 
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accept this. In the next chapter, then, some quantitative approaches, 

through which such positive benefits of e1iv:i!;Gnmental concern can be 

realized, wilJ. be presented. 
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QUANTITATIVE OPTIMizA'.tION 0$' MINE-ENVIRONMENTAL 'PLANNING 

The planning process is recogtiized as the key to success in a 

mining venture. Philosophical and techt10logieal re .... organization is 

required to incorporate environmetJ.tal concern in the planning process. 

The mine-environmental problelll. must be analyzed to determine both its 

limits and its interconnections, possible techniques for solving it must 

be selecte4, and thenit must be specifically formulated and solved. 

!;,. Problem of Three Components 

Mine-envirorunen~tci.l analysis involves a situation and a proposed 

activity. When the activity occurs, some effect is felt by some persons, 

animals, or things. It is proposed that the problem and relations to be 

analyzed should be viewed as systems of three components: (1) a resource; 

(2) an action; and (3) a receptor. This approach, wh:lle seemingly 

obvious, has not explicitly been. incorporated previously in environmental 

analysis. 

Environmental analysis is primarily concerned with the investi- .. 

gation of imp.acts. An impact is hete defined I)lore specifically to be 

a change in value as a result of some action, In analyzing expected 

environmental impacts, some approaches consider basic characteristics 

of the environment, or resources, paired with proposed actions, in 

determining impacts. Others consider actions paired with those elements 

of the environment which are impacted, or receptors. Howeve-r, while a 
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given analysis can be described a.bout a s~tting and proposed activity, 

it is proposed that a new type of' description be developed as f'olloyt,s. 

1. There can be list.ed a set Of :i;:~SO\U:'t:es, physical, Chemical, 

biological, social, legal and economic,. :which defines that 

which can be altered or removed from the situation. 

2. There can be listed a set of' actions~ natural andman""'1Ilade, 

social and economic, which defines the proposed activity • 

. 3. There can be listed a set of receptors, which a,re those living 

or no:ri. ... living things whichfeel the effects of resources 

being either altered or con,sum.ed. by the actions. 

4. There can be. developed, for each possible resource~action-

receptor combination, a set of r~al and emotional values~ 

which eJCPress the i:m.pact f~lt Within !Uld as a result of that 

parti.cul.ar three-component system. 

B.eso:Urces 

.The pre-.mining enviro~ent is both a set of characteristics for 

which mining is to be designed arid of constraints tp. the mining activity. 

Thes.e items· can only be· mea.s'i.lred by ~n prior to ta.king a.ny i;i.ction. 

They cannot be r.i;movedfrom the environm~nt e~cept by man's actions. 

Such items.are defined as resources, for this analysis. They 

may be (1) living, as animals or men, (2} non-living~ as rocks and 

water, (3) socio-humanistic, as a registered historic site or pristine, 

aesthetically pleasing view., or ( 4) economic, as the supply of money· 

available for t!apita.l investment. A fifth class of "resource" is 
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appropriate in this formulation, though not ::Lntuitively obvious. This 

is (5) the legal resource.· Although laws are usually thought of as 

constraints, as social mechanisms to optimize welfare they are, in some 

cases, capable of creating values· and legal constraints do define or 

limit the availability of other resources. 

gctions 

In reality, actions are the only element which man can control. 

He cannot change a resource or remove a receptor except by an action. 

Act.ions can be thought of as causative pathways. They cause a resource 

to be altered and passed on, and further direct the path to a receptor 

where value is felt. 

While many of the actions associated with mining are obvious, 

some are not, as several types of action are possible. Actions can be 

purely natural, physical or chemical processes, which will be classified 

as scientific actions. Actions will be classified as ~e;ineering if 

they are man-made and physical or chemical. An action may be economic, 

referring to the market.,..trans:fer of·goods or services. Finally, an 

action.may be social, or a non .... economic action taken between men. 

Receptors 

A list of receptors, the factors affected by or receiving output 

from actions, is quite similar to a list of resources. It does not 

include economic receptors, as such output is received by other classes. 

The classes include: (1) living, (2) non-living, (3) socio·-hum.anistic, 



,'.-<, 

or (4) legal. A summary of ciasses of resoiirce-action-receptor chains 

is given in Figure. 22. Again, it is td. be ~iimj?hasized that receptor~ can-

not be changed by man, except by taking a!z,tion. In summary, though 

three components to the system are identified, there is only one control-

lab le by man, his actions. 

Values 

Value is associated with a resource-action-receptor system, but 

is not a component of the system. Value is l:'ather nebulous. At one time 

the mini:ng engineer's system of concern was that as shown in Figure 23:. 

He considered two chains: 

(l) mineral-extraction-company 

(2) mineral•marketing--public 

with which the only value flows he considered were real and measured in 
·'?; '. ~ . ..,_,. ~ ' \ .. •. 

dollars, as (1) the cost of production of mineral and (2} the revenue 

of marketing of mineral. 

Today, however, the mining engineer could well concern himself with 

th.at system of Figure 24,. a mine-public-government network including 

possible resource•act:i.on-receptor chains betwe,en many elements. More ... 

ovet", valu.es are not limited to real dollars, but socio-,.hurnanistLc 

impacts influence the public well-being by creating subjective value 

flows which are quite important today. 

Techniques of QEtimization 

The formulation of the problem is to be as several three-component 
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chains with which real and sU.'!:l.]~ftive v#iileS' are associated. The 

techniques of environmental impi:i.ct analysis ~hould be review.~d to g~­

termine which may apply to 'tesoiving aiiei 'optimizfng this system. 

Checklist2 oyer1.azanc;i Matri~.Techniqties. 

These three classes can be quickly eliminated from consideratjori. 

The checklist is too limited in scope, and the overlay allows no 

quantification. The matrix approach could be expanded, as in Figure 25, 

to a three-dimensional display of resource-action-receptor systems. . . . 

Tl\is is, in fact, an excellent means of displaying the fact that then~ 

are so many interconnect;i.ons possible; hmiever, it is just that and 

little more. 

System Modellin:g_ .. 

No single system-modelling approach considers the three-component 

chain with associated value flows. The Batel.le method, (Dee, 1972), 

is a semi ... checklist developed from a system model, and quantifies 

i111pact quite well, for very explicitly restricted cases in wateJ:-resoui:'ce 

management. The mining case is fa·r too freely con:Strained for such. an 

apprpach. The Resource and tand Invest;i.gatiort (RA.LI) program of the 

U. S. Geolo&ic9-l Survey, (Bisselle, et. al., 1_975), hints very strongly 

at the thr~~ ... component chain, does establish a, system to be modelled, 

but neith~+\::stablishes the three-part concept nor assoc:i:ates both 

real and !HJ.bje~tive value· flows within that system. 

Wit:,h ~11 poss:l,ble. approaches considered and eliminated, i,t seams 
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apparent that a new op.timizktidii'techhiqu~ is required if any advantage 

is to be realized from the proposed fociuiai::ion. Attention is direct~d, 
.<·, 

then, to certain techniques of operat:iotis·r~~earch. 

In operations research, a directed linear graph or network is a 

set of arcs (paths) which are joined at nodes (junctions), c·onnect a 

source and a sink, and through w.hich flow passes, (Ford and FuJ.ker$on, 

1962). The mine ... public-government.,..resource network as shown in Figure 

24 could, with slight modification, become a network suitable for linear 

graph analysis. 

Indeed, a variety of techniques are available in the field of 

linear graph analysis for analyzing basic flow networks. One in_ par .... 

ticular, the ou:t-of-kilter algdrithmj.is the most flexible and is useful 

in solving any general problem of capacitated flow at a. given unit 

cost. Attempts to use the out-of-kilter algori.thm, or any other network 

approach, are limited, however. The resource-action-receptor chains are 

amenable to formulation, but linear graph analysis allows only one 

type of cost. ln the mine-environmental planning case, there are 

tw.o costs ....... real and subjective. 

Even though network analysis is not appropriate as its own field, 

the suit~bl,lity of the network formulation in~ic.ated that ano~her 

operations research techrtique, linear programming, can be used, 



Lin.ear Pr.o~ramming 

This is a mathematical techhique for resblving complex alternatJves 

which involve many interact'ing variables/ 1'1.iese relations are. con-

strained, generally by the sc~r:c.i:i nature 6£ some resources·, and addition .... 

ally by coiilpetition for their use. · As iiiiplied in the name, line.arity is 

requitec;i: an ·objective function, a line.ai- equation, is maxil'tli-zed 

subject to linear constraint functions, (Driebeek, 1969). 

The general .form of a linear programming problem is stated as an 

object;i..ve function 
n 

(Maximize or Minimize) Z = E cjxj 
j=l 

subject to the constraints 
n 
. 4 . ai, j xj = bi; i # 1, 2, 3, ••• m 
j;;.l H 

; j = 1,2,3, ••. n 
·:' ,' 

(I) 

(II) 

(III) 

Translated, this shorthand notation means:· (1) the objective is to 

maximize or minimize a function, Z, which is composed of a vector of 
. . --

rt variables, each referred to as .!_, multiplied by effectiveness coef-

ficients, c; (2) each unit of .!. produced requires the use of some 

quantity of each of a set of ,m:scarce resources, (one unit of production 

.of .any item Xj requires ai,j units of resource i, which may b:e positive 

or zero), and the total quantity of resource i used is related to the 

absolute sru:p_PlY of that resource available, bi; and (3) variables., being 

units of production must be zero or positive. The constraint f\lnctions 

/-(I!)· and (HI)_/. may be displayed as a set of linear equatiqns, as 

follows: 

- b, ... 
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= b..., 
"" 

b m 

While in strict formulation ecp.iaiities ate tiecessary, constraints can 

be recognized as inequalities, by establishing certain artificial 

variables and following standard algorithmic procedures. Further de-

tails of linear programming are available in the literature. 

Resources can be related to the resource constraints, j , and n 

actions to the consumption equations, a j. = b . For each receptor, m,n n m 

terms can be generated in the objective function relating value flows 

to that receptor. In so doing, the three-component chain cau be 

assessed by a new quantitative technique. 

Graphical Analysis 

A review of the characteristics of linear programming would indicate 

that there is one more less-involved form of analysis applicable. This 

approach, graphical solutio11, is oft::en overlooked in engineering today, 

but is often valuable as a time-saving and appropriate analytical method. 

Linear programming is essentially the solution of simultaneous linear 

equations. If the number of equations is kept sufficiently small, or if 

the effects of several equations can be summed to minimize the number of 

functions plQtted, the solution can be presented as a visual analysis to 

detennine a cost-minimum or profit-maximum point on a set of plots. The 

economic analysis of supply and demand is usually presented in a graphic 

form as the solution of two simultaneous equations. Therefore, :i,.f the 



problem is small enough, graphical solution to the cost optimum point may 

he appropriate. 

A Specific Formulation of the Problem 

A specific formulation of the mine-en:•.Ji:tonmental planning problem 

consists of the following elements: 

(1) Definition of all resources in the mining system, and the 

maximum, and. when indicated minimum, quantity of each 

available for consumption. 

(2) Definition of all ae!tions in the mining system, and an estimate 

of how each action affects, by consumption or alteration, each 

resource. 

(3) Definition of all receptors in the mining system, and an 

estimate of how each action-resoutce pair is received by each 

receptor. 

(4) Consideration, for each three-component combination, of the 

values of flow created, specifically: 

(a) Is the flow of value real, subjective, or both? 

(b) To whom does the flow of value accrue? 

(c) For each real or subjective value flow, how do the units 

of value flow relate to either units of action taken or 

units of resource consumed? 

Defining Resources 

Certa;i.n quantities and qualities of basic resources ar<~ present in 
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the mine environment:. Mining erlgiri.eering priktice recognizes such 

constraints of a resource natUr!:-l as quariti ty and quality of ore present, 

physical and chemical nature of fbek, l:i.rrii.ts to capital or expense. money 

available in the company, and limits to i::be availability of other re-

sources as defined by law. An inclusbte, but neither exhaustive nor 

complete, consideration would include the following items, which are 

summarized in Table X. 

].'onnage and purity of ore are fixed and not specifically known 

until the deposit is mined out. The engineer infers, at any specific 

time, that some total tonnage and grade is present as the resource 

limit. At the same time, economic value is dependent on mining costs, 

which are dependent on economies of scale, so a minimum quantity and 

quality must be mined to achieve a minimum proJit. 

Surface area can be recognized as a limited attribute. Alternative 

mining methods, production rates, and scales of operation require cer-

tai11 commitments of surface area. However, surface. are.a is not 

necessarily removed from the environment, but is merely involved. It 

can usually be returned after mining through activities of restoration. 

Integrity qf surface, integrity Ef subsurface and capabilii;y for 

reuse are less•measurable quality items. They do represent scarce 

resources consumed or involved by mining. They may be partially re-

stored by post-mining efforts, and influence the desirability and pas-

sibility of concurrent and alternative future land use. 

Other mineral values may be present either as sub-ore, material not 

economically recoverable, or as by-product m:ineralization. Their pre-

sence should be considered with regard to the possibility of tJ:ieir future 



TABLE X; A LISTING OF RESOURCES 

TYPE OF RESOURCE 

ABIOTIC 

RESOURCE 

TONNAGE OF ORE 
PURITY OF ORE 
SURFACE AREA 
INTEGRITY OF SURFACE 
INTEGRITY OF SUBSURFACE 
RE~SE CAPABILITIES 
OTHER MINERAL VALUES 
WATER QUANTITY 
WATER QUALITY 
AIR QUALITY 

• FLORA} 
BIO nc FAUNA > Al R, WA't~R, LAND 

SOCIO-HUMANISTIC 

LEGAL 

ECONOMIC 

HISTORICAL FEATURES~ 
COMMUNITY STRUCTURE 
SOCIAL HlERARCHY 
GOOD WILL 
AESTHETIC VALUE 
HEALTH ANO SAFETY 

FEDERAL, STATE, AND ,LOCAL 
LAWS AND REGULATIONS 

CAPITAL AVAi LAB LE 
EXPENSE AVAILABLE 

SUBDIVISIONS POSSIBl-E l 
PROVEN, PROBABLE, POSSIBLE 
PROVEN, PROBABLE, POSSIBLE 

ALTERNATIVE USES 
PROVEN, PROBABLE, POSSTBLE 
(SURFACE AND ~PEClFiC · 
\SUBSURFACE . tMEASURtS 
SPECIFIC MEASURES 

SPECIES DIVERSITY" CATEGORIES.. 

AIR, WATER, LAND USE, SOLID WASTE, 
MINING, AND OTHER 

I-' 
I-' a.. 

-'{;·""' 
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extraction and in an effort tc5" Improve ecoridm:tcs < Their extraction at 

even marginal rate of return is attractive fro'm the standpoint of total 

resource conservation. 

Water may be divided between surface occurrence and subsurface,. 

and further subdivided into qualltity a.nd ~~lltz. aspects. Quantity .of: 

water present may be expressed as absolute ~,,olume or as flow rate ca.pa.-
, 

bilities. Quality has beert related to many parameters (Table III). The 

resource being consumed could be thought of as the ability of the water 

to assimilate, or accept, additional units of such parameters as 

turbidity, solids, ions, and acidity as are produced by mining. 

Living characteristics include plants or flora and animals or 

fauna. These may be further classified by habitat: air, jl'ater, or land. 

A specific and quantitativ~ m~asure of livingxesources in total is pro-

vided by measurement of species diversity, such as through the sequen~ 

tia1 comparison index, SCI,(Cairns and '.Dickson, 1971). Further measures 

can be developed to relate the quality of rare and endangered, unique, 

predominant, fragile and economic species. 

Socio-humanistic factors are difficult to quantify. Measures of 

quality could be derived for various features and attitudes: historical 

f e<;Ltures, social hierarchy, c.ommuni!:X. se.rvices, geod will, aesthetic 

values, health and safe~. 

Legal constraints are important to resource definition. They may 

determine the use of resources, may limit quantities of certain scarce 

resources, or could be thought of as establishing "pollution rights" 

available fpr purchase, and their cost, through the permitting and licen-

sing procedures. 



capital and expense. 

corporate structure determines 'the a.riiou...:.it d±' these econoni.ic r~s:0urces 

as are desirable or available, both as.~ filinimum and as a maximum. 

Definin~ .Actions 

A list of actions in mining iS presehted in Table XI. Certainly, 

these actions may be interrelated, and have beer:L p!'evioUsly identified. 

Further discussion will relate to their use of resources and areas of 

impact, after receptors and value flows have been discussed. 

Defining Receptors 

Al though receptors o.t,,,impact coUl.d be 1.i~ted for a sophisti ... 

cated and computerized· approach, such detail might muddle !11anual assess-
·· ... ~-,.: 

ment. The elements Of resources and/actions :previously identified repre-

sent a. total of 1100 pairs. Of ·these, perhaps 50 :Pere ent are de fin-

itely invol.ved, i·~·, represent actions which consume resources with 

which they are paired. If only 4 classes of receptors are identified, 

rat.her than a spe.Cific listing; there are 2200 relationships. to be in-

vestigated: a formidable, .yet not impossible i:nanual task.. Considering 

a more represeritati ve nmnber' sa:y 40 receptors' would create 22 ,000 

relationsb.i'.P~. The u1 timate goal, then, must yield to that practical 
. '. -··.'(·.-, ·. 

goal which. an engineer can reasonably expect to accomplish. Aq.dition.;, 

ally, SUGh iµterrelationships as do e:.idst are poorly understoqd. Such 

explicit Q.~t13-il is not warranted. For now, then, only recepto+ areas, 

abiotic, bi9tic~. socio~humanistic and legal, will be defined. 



TABLE .XI: A t.JSTlNG OF ACTIONS 

TIM£ Of OCCURRlN,CE 

PRE-Ml NlNG 

DURING MINl~NG 

CONCURRENT AND 
POST-MINING 

POScT-MINlNG 

ALL~INCLUSIVE 

ACTION 

SECURING RIGHTS lN PflOPERTY 
SECURfNG RIGHTS IN POLLUTION 
srnNG OF PLANT AND FACILITl'ES 
SURVEYING 
EX.PLORATION 
CLEARING AND GRADING 
PLANT CONSTRUCT! ON _.,._..,._ ..... .__. ___ -_ _,, ___ ...., ___ _.. ________ ....,._..,... ____________ ,._,,, 

f.)(CAVATlON 
MATERIALS HANDLING 

. GROUND .CONTRO.L 
WASTE DISPOSAL 
AUXlLl-ARY FUNCTIONS 
MARKETING 

... 
-11:. 

.o;I'.· 

----------·--------------------------------------- ,, 

STRlPflNG EQUIPMENT AND RESAl,. E 
DEMOLITION OR RECOMMISSIONING OF PLANT FACILITIES 
RESTORATION OF SURFACE · 
REHABILJTATION OF SURFACE 

LONG"".lERM MAlN1ENANCE ·. 
MINE SEALING 
FENCING AND POSTJNG 

PROTECTtON OF RE:SOURCES (ABATE ME NT) 
AVOJOANCE OF IMPACT (T·REATMENll ')f~ 

1l1 

.,._,,.. 

I-' 
I-' 
\0 

0:->'• 
?,~ 

,.r:.-··;.o,.·. 



Determining Value Flows 

Each three-component, resource-action-receptor chain must be 

analyzed to determine not only its relatiori'to resource consumption 

but also its associated value flows. RecalL that Figure 25 presented a 

three-sided matrix which could be used t:l;1 di.splay these re1atiort$. The 

process is not stmple, however, as value fl.ows may be real, subjec-

tive, or both. The quantity available for real flow is limited. No 

more dollars can enter the system than are produced through the extrac-

tion of resources. Since only one mining operation is explicitly con.;.. 

sidered, reaL dollars are viewed as occurring only through the actions 

of that operation. The quantity of subjective flow is probably finite, 

yet no practical limit can be assigned: What are the limits to ab-

stract values such as goodwill? Since subjective value is a product 

of the human.mind, it is only the publiqthat can realize subjective 

value. The government and the company can neither feel nor use. sub.;.. 

jective value by themselves. 

Subjective flow may be associated with actions between (1) govern--

ment: and resources and (2) government and people. The government has a 

role as mediator in the flow of subjective value. In. it, the value flows 

of a,i"e$ouree ... public nature accrue directly due to government actions. 

Subjectiveva.lue flow to the public may be brought about in several 

ways which''cbrrespond to certain actions with which other, ;rea1 value 

flows are associated, namely: 

(1) R?~toration of :resources by the company (reclamation) 

(2) P~yrii.ent to public by the company (wages) 
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(3) Payment to the compah# by the puf.lic (sales) 

(4) Restoration of resources by the government (parks) 

(5) Payment to public by the goverriilie11t (welfare) 

(6) Payment to the government by the public (taxes) 

(7) Restoration of resources by the public (by citizens·' 

groups, such as Sierra Club, Izaak Walton. League, or 

National Wildlife Federation) 

Since the government and public do not extract real value from 

resources, they must, prior to paying each other, receive real value 

from the company's actions. The government and public must determine 

the disposal of the real value they receive • 

.§mthesizing the Formulation·· 

There must and does exist a set of equilibrium states, presump-

tively infinite in number, for which all flows balance. That is, since 

the system being analyzed is closed, there are one or more economically 

balanced and optimal states, depending on the definition of "economic 

optimum.'' In further analysis, the conditions for an optimum are related 

to two sets of resources, (1) total subjective value retained by the 

public, the savings of well.,-being, and (2) capital accumulated by the 

company, or wealth. Simply stated, 

(1) Subjective value flow in to the public should exceed cmtflow, 

resulting in a gain in welfare rather than a loss. 

To balance flow within the system, th;=.re must be a reservoir 

o:J: good feelings, the savings of well-being, 
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(2) The real-value, c~shfiow accumulated by the company, or 

wealth, should be inaxifuized. 

While in the ultimate solution the resdlutiori is complex, two simple 

techniques are proposed, dependi.ng on the. sb-aie of the problem. These 

rely on certain further steps W'nich can, be taken to synthesize the 

components of the formulation into an irttegrated problem. 

·General Aspects of the Formulation 

Income and costs of a mine balance sheet, such as gross income, 

expenses, capitalization, depreciation, and annual investment, are 

related to seven parameters. Specifically, operating e:i..'Penses are a 

linear function of seven areas of actions, as: 

Let OE = Operating e~enses 

GC = Ground control ai$tiC)ti.s 

EX = Excavation actions 

MR = Materials handling actions 

AX = Auxiliary function actions 

PT = Public trust actions 

MK = Marketing actions 

GF = Ground fai.1ure and land disturbance actions 

Then 

OE'= f (GC, EX, MR, AX, PT, MK, GF) 

This funct:j.on is piecewise linear, so 

f(GC, EX, MR, AX, PT, MK, GF) = £1 (GC) + f2 (EX)+.,. 

+ f 7 (GF) 
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In the problem of 22 actions, (ls·table XI, o:f mining, the equation ;is of 

the form 

OE = f (a1 , a 2, a 3 , • ~. a 22) 

+ £1 (al) + fz(~~) + • · · + f;2<k22) 

in which ea:ch function, frl may be recognized.t;is composed of several 

terms. 'l'he actu.til cost, for example, incurred in excavation is composed 

of (1) lilaterial costs, (2) equipment costs, (3) labor costs, · (4) real 

payments made to public and. government to ameliorate negative, real or 

subjective, value flows created, and (5) real pa.yments made in recla-

mation or restoration of resources to compensate for the same conflicts 

which create the value· flows in (4). The excavation cost may be 

reduced by public or government payments to the company if po.sit:ive sub-

jective value flo~s occur. 

For a general case of 1. s~a,rce resoti'Tces, J subjective resources, 

K activities and L.receptors, the steps of a formulation of these func-

tions, which the analyst would follow, are given in the flow chart o.f 

Figure·26. 

Specific Aspects pf the F:qrtnul<?.ti9n 

Certain more specific relationships of resource consumption and 

value flow 6an be outlined. Each action, the resources which it us.es, 

receptors ii:ivolved, and types of flows which may be created can be 

discussed. 

Secu:ri~ :rigpts !£ property actually determines (1) the tonnage 

and purity of ore and (2) the surface: area available. However, in this 
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analysis it is assumed that a given area has been previously determi.ned 

and that all rights are to be secured, rather than considering the pro-

bability of securing a specific right and the subsequent probability 

of having given levels of mineral resources present. This activity may 

create real flow and subjective flow from the company and to the public 

or government. Negotiation for rights may increase or decrease sub-

jective feelings, and, hence, the actual purchase price. The company 

incurs costs, or losses of real value, through labor associated with 

this action. 

Securing rights in pollution results in flows of real value from 

the company in the form of wages, as well as fees to the government. 

Flow to the government is then assumed to be directed either to the 

public or to restoration o.f, resources. Generally, the subjective flows 

to the public are positive. In contrast, the exercise of these rights 

or pollution causes subjective loss. 

Sit~ of plant arn:l facilities is limited by the total area avail-

able. The action consu..rnes no scarce resources other than expense, but 

may be influenced by or in turn influence subjective resources and re-

ceptors. 

Surveying, explo.ration, cle~ring and grading, and plant construc-

tion, are the first pre-mining actions in which scarce environmental 

resources are consumed, resulting in subjective and real value flows. 

Real flows are (1) cost of labor and supplies and (2) real value achieved 

by the company through development of the resource. The rn~ny associated 

subjective flows which can be associated with these actions depend on 

the quantity and type of resources consumed. Actual mining, excavation, 
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materials handling, ground cont;:r_qi, waste disposal, and auxiliary func-

tions, is an array of actions with resci1JJ':ce. consumptions and value flows 

similar to those of pre-'min:l.ng actions; 

Concurrent and post-mining actions, stti:;P.Eing, demolition, resto-

ration, etc., are the first.which result in a real flow of value from 

the company to the environment. While suc.h activities restore certain 

resources, they may also consume Others. Real value flow may be routed 

from the government or public in response to actions which restore 

or upgrade certain resources, through such actions as the return of 

performance bonds. A range of subjective value flows is likely. Two 

fi.nal activities are almost an afterthought. They do not relate spe-

cifically to a given phase of mining, but are 3'bating or treating 

pollution which occurs as a' result of any other action. These are thought 

of as actions to conserve scarce. resources. For these actions, many 

types of real or subjective flows of value are possible. 

Approaches to Problem Solution 

Two approaches can be taken to solve the problem as it has been 

formulated and synthesized. For limited, small-scale problems, or for 

those in which the effects of many actions can be summed, a graphical 

solution may be appropriate. For the more complex problem, solution. by 

linear progra;nnning is indicated. 

Graphical Solution 

The explanation of a simple, profit-maximizing grg,phical solution 



. shall consider several successi.'·"ely rrmre complex cases. The first to 

be. considered is presented as follows: 

(1) Assume that there is only one :feso1.irce involved, which may 

be regarded as an aggregate of resources. 

(2) Assume that there are only two ac.t±ons involved, mining and 

reclamation. 

(3) Assume that the only receptors involved are the public and 

the company. 

(4) Assume that (a) there is only one level of mine development pos-

sible, so that income to the company, excluding reclamation, is 

constant, and (b) the cost of reclamation is non-linear, in-

creasing with percent restoration, due to diminishing marginal 

productivity of inputs. 

(5) Assume a non-line.ir variation in subJ~ctive v.;i.lue for the public 

due to reclamation efforts, so that the value of small levels 

o.f reclamation is great but the marginal value decreases as 

percent reclamation increases, due to diminishing marginal 

utility of reclamation. 

(6) Assume that subjective values can be expressed as real 

dollars and, therefore, plotted against the same axis as 

company values. 

(7) Define a minimum subjective value flow for the public. 

The solution is achieved by plotting the various value relationships · 

on axes of percent reclamation and value and selecting the po:int at 

which: 
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(1) At least the minimum'.suoject;lve vaiue f'low is realized 

(2) 

Such a plot is shown in Figur~·2i:: 

The total net is plotted as'(het receipts excluding reclamation 

reclamation cost). The solutic.itl. is taken ]':rom point S, which is the 

ma:Kimum total net in the region where subjecd:ve value is greater than 

or equal to the minimum· level. 

In one step closer to reality, the second consideration is of the 

case where .items (1), (2), (3), (7), and (8) hold, but assumption.s (4), 

(5), and (6) are altered as 

(4) Assume that various levels of mine development are possible, 

a:nd that the return to the company, exclusive of reclamation, 

is a linear functiafi'Of the percent di!Velopment. 

(5) Assume that for any specific percent development, a specific, 

non-linear reclatnation cost function can be developed. 

(6) Assume that subjective value realized by the public is a 

function of both percent development and percent reclamation. 

Moreover, 

(a) Losses in subjective value occur when the resource is 

not developed, since some level .of development is neces-

sary to provide minimum welfare (to prevent shive.ring 

in the dark) 

(b) 4t:no reclamation, the value will increase as percent 

development increases until the minimum level of devel-

opmen:t, as in (a), is reached. 

(c) After reaching.the minimum level~ as percent deve,J,.opment 
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increases, the .sub.j~ctive c,;alue, at no reclamation, de-

creases due to the excess environmental damage occurring. 
. . . 

(d) The same minimum development-level relations hold true 

at full reclama.tibti, although as development increases, 

the value continues to increase. 

Plotting this situation requires three axes: (1) value, (2) percent 

reclamation and (3) percent development. The resulting plots, which are 

surfaces rather than curves, for the company real flows and the public 

subjective flows are given as Figures 28 and 29, respectively. Figure 

30 presents a composite of these surfaces, with the optimum point S 

again identified. In this plot, only the acceptable subjective and 

real regions are shown for clarity. 

As a final extension, consider that real .. Jnining and reclamation costs 

relate to economies of scale. Figure 31 presents how the net receipts, 

exclusive of reclamation, might actually be plotted if five alternat.ive 

mining methods were applicable depending on scale of the operation. 

In addition, for each level of development, each point on the plot 

of Figure 31, a similar type of graph could be developed for recla-

mation .costs and their economies of scale. In other than limited cases, 

then, the large nuni.ber of functional relationships involved defies 

explicit graphical analysis. 

One ccqncluding note is that such graphical analysis is dependent 

on the ability to plot subjective values and real values on th~ same 

axis. In a real-world situation, this would be difficult. T1:i.erefore, 

a more exp:Licit solution, in which the two types of value can be sepa-

rated an.d myriad func.tional relationships can be considered, is required. 
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Ta~ and Subsidy Relatic;insh:l:e~_ 

An observation is possible.at this point regarding the approprif}te--

rtess of this analytical tormat to. the estabiishment of taxes and sub-

sidies. .If socio-humanistic aspects can be expressed as real dollars 

and plotted on the same axis·. as other real value flows, a technique 

is available to establish the tax and subsidy amounts by simple in ... 

spection. Figure 32 is essentially the simple graphical analysis of 

Figure 27, but company receipts are a~sumed to have been adjt,tsted to 

allqw a minimum profit as an operating cost. Given that the subjec-

tive valuehas been legitimately expressed in real dollar terms, then 

region 1 is that in which the compa:p:y should be taxed (subjective value 

is less than the required minimum), point A is that at which no tax. 

or subsidy is established, ·and region 2 is th~t in which the company 

should be subsidized (subjective value is greater than the required 

minimum). For these cases, it might be arbitrarily suggested that 

Region l - Amount of tax = Minimum subjective value desired-

Actual subjective value realized 

(but not to exceed 50% of the total 

net) 

Region 2 - Amount of 

subsidy = Reclamation cost (but not to exceed 

one half the excess iJ1 subji;ttive 

value realized) 

Of course, the actual split of taxes or subsidies would be dete:pnined 

through some :replicable and non-arbitrary decision process. In these 

situations, either the company shares up to half of its "exce:::;s . . . 
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earnings'' due to pollution,· ot 'the :publfc.·'.~hares up to half its 
• ·-~. ,7 

· '~e::iccess earnings 11 due to the ctimpany' s prbchic:t:ion of environmenta,l 
.... ,··, . . 

quality, The resulting line~ of net realized by the company under such 

a program, is shown as "TAXSUB'' oP. the g:raph• The profit optimization 

point is realized by inspection ,El.s B in '.thi$ case. Of course, through 

collective bargaining, marketing and government mediation, the 50-50 

share could be altered as agreed upot1 by public and company. 

LinearP:rogramming Solution 

Once the problem has been formulated and syrtt:hesized·, the objec-

tive function in lliine planning is expressed as the maximization of the 

company's wealth, or 

.Objective! .Maximize Z, where 

Z =I: real flow to contpaD,:y ... L: real flow from company 

Constraints related to value flow are necessary if the goal includes 

Pareto-optimal maximization of social welfare, as 

(1) E real flow to public - E real flow from public 2: minimum 

(2) t subjective flow to public - Z subje'ctive flow from public 

~ minimum 

Additional constraints are those of resources, which are: 

Giver).: .!!! re$ot.1irces and n actions 

The. re are coeff iciertts a. . and resource limits pm' such 1,J . . . 

that for given levels, x., of each action: 
J 

n > 
E ai J.x. - b 1 .. 

j;:!l ' J 
for i = 1,2,3,.~. m 
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The specific lirtear program fbr ·~ 'mine-en~frorJnental planning p:rnbl~JlJ. 

has, then: (1) constraints consii;ting of quaptities bj of the m·re-

sources present, (2) n actions, • pc~:t'formed at levels ~ and related t.o 
-.· ,,, 

each resource m by the coeffidiei'l.t a . , and (3) value-flow relation-. . - . , .. ·. m,J 

ships for each of! receptors whfch are terms in the ohject:i,ve function 

o.r value-flow related constraint !unctions. This problem may be fonna:11y 

presented as: 

Let n = number of actions present 

m = number of resources present 

1 - nU111ber of receptors present 

x = units of an a.ction j to b·e d.one,. j = 1, 2~ 3, ... n 
j 

a. . = units of resource i consumed for each unit of action . 1,J 

j perfortned~~;l; = 1., 2, 3, m: 

J = 1, 2, 3, n 

FABC. 1 = flow of value, where . J, 

A = R for real flow 

S for subjective flow 

B = area in which receptor resides, as 

R for resources 

C fo't' company 

G fo.r government 

f for public 

C = area in which action occurs, as R, C, G, or P above 

j = action with which flow is associated 

l =receptor with which flow is associated 
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Objective: Max Z 
n 

z = 
n 
E 

j=l 
E {x. (FRCG ·~ k + FRCP 

k=l J J, . j ,k + f'RCRj,k ~FRGCj,k - FRPC 

Subject to: 
n 
E a. . 

j=l l.,J 
xj 

x. 
J 

< 

::: 

- FRRCj,k )} 

b. 
l. 

i = 1, 2, 3, m 

0 j = 1, 2, 3, n 

j ,k 

Additional value flow related constraints (definition will vary) 

The drawback to the linear programming approach is the lack of under-

standing of subjective and real flows related to consumption of scarce 

resources. Given an appropriate forD1ulation and correct relationships, 

linear programming will det~rm.in~ an optimum solution. This approach 

will, however, require significant research in the future in the area 

of quantifying the socio-humanistic relationships. There are advantages 

to preparing a linear program.ming formulation in that it may be the 

basis for other techniques of operations research, including linear 

graph analysis, goal progranmiing, parametric programming, mixed-integer 

programming and dynamic progranmiing. 

Summary 

A n.ew plan of mine-environinental assessment incorpotatitig a. three-

component chain of resources, actions and receptors has been presented. 

Flows of value, real and subjective, have. been related to t;hes~ chains. 

Available enviro;:lmental an.g.lysis techniques were reviewed, and none of 
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these was found to be a sl:ii.i"S:f~ctory aiJpr~'a.t!h to this new problem. 

However, the functional rela;tJo:nships inY'b.l\red can be analyzed by one of 

two techniques: graphical a.ilalysis Gf .smaJ.l problems or linear program-

ming optimization ofla:rger q,nes. 

The mine:""enviro!llI1ental plannin~ proble!n,was, then,. specifically 

reviewed ar.i.d formulated f'or the application of these approaches. The 

applications and some limitations for both graphical and linear pro-

gralnming solutions were discussed for this specific case. The cotnmon 

limitations concern (1) the number o:f functional relationships involved 

arid (2) the quantif'ication o:f subjective value :flows. 

The! analysis to this point has been. of assumed problems. In the 

.· next ch~pter, a .. simple case study will be solved by a graphical tech..o 

nique and by .lin~r progra.mming. Discussion of the inclusion of a tax 

arid subsidy program will be included. 



In illustration of the traditional approach to mine planning and 

the va.l.ue of the new approach to Jlline..,entlronmental planning, a study is 

presented of an actu.a.1 mining case. The Q;ata were provided by an actual 

mining companywhich choses to remain anonymous. The names are fictitious 

but descriptions of location and other general characteristics are as 

close to fact as possible without revea.J.ing proprietary information. 

Tho.ugh the· data are actual, certain assumptions have been made 

which have little e£fect on the traditional analysis but are impor-

tant to the combined mine-enviro:tmi:entaiahalysis. These are 

{l) There is only one company p:roducing·coal in the political 

region being studied. 

(2) There is only one public involved. 

(3) There is only one government structure involved. 

Tr~dition~ )\.naly;sis 

The traditional analysis follows the normal engineerin,g 

approach.· The steps followed include the description of the proposal, 

mining pl?JJ. alternatives, capital requirements, expense requirements, 

market returns, estimate of worth bf the project and summary, 

141 

--- --- ------· 



Introduction 

The proposal being considered is the te:.;..opening of a mine. The 

Lion Lick No. 33 Mine of Riddle Coal Company is an underground mine 

located in Indiana County, Penns',Yl'vania; southwest of Clearfield, on an 

unnamed tributary of l,.ion Lick, which flows directly into the Susque-

hannah River. An adjacent mine, Lion Lick No. 32, was run by Riddle 

until mined-out in 1972. No. 33 was to replace it, but development was 

canceled due to market conditions after 1500 ft of main entires and 

one panel-stub had been driven. Since 1972, the company has operated 

a custom coal-preparation plant. The question is that of increasing 

and rebuilding the plant to meet the increased demand for coal. The 

plant is capable of producing coal at the following specifications: 

Moisture (surface) 

Ash 

Sulfur 

Heat content 

4.5% 

11.0% 

1.0 - l. 2% 

13,000 Btu per lb 

The parameters of plant-expansion design call for producing 500,000 tons 

of clean coal per year at these specifications. Historically, reject of 

run-of-mine coal will average 20%. Mine production must be 625,000 tons 

per year to supply the plant. Based on the usual five-day work week, 

three production shifts per day, and 250 production days per year, the 

productionmu$t average 2500 tons per day. 

Reserves of the mine have been inf erred from previous e:x:ploration 

work to be as follows: 
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Tons 

Acres ~000) Acre~ 

Under lease 313 1200 423 

Under option 458 1675 . 761 

TOTAL 771 2875 1184 

. - .. ~ . ., ~ -.· 

Tdtis ··· 

(6.dJJ) .· 

1625 

300.Q --·-· 
4625 

Total Reserves 
Tons 

Acres (000) 

736 2825 

1219 4675 --
1955 7500 

The land option can be exercised for $1000 per acre. It is estimated 

that the probable reserves can be proven by a drilling program of 12 

holes at an average depth of 220 ft. The thickness of the seam is 40 to 

44. in. 

Mining Plan Alternatives 

Lion Lick No. 32 was operated on three $ecti,ons: two with Wilcox. 

Mark 20 continuous miners utilizing Lo-Low bridge conveyors, and one 

with a Lee-Norse CM-28 utilizing two Joy 6SC shuttle cars. Main haulage 

was by 30-in conveyor belt. Ta this equipment, Riddle can add two 

more Wilcox units including bridge conveyors, which he ordered in anti-

cipation of reopening. The current lack of mining equipment restricts 

the plan to one incorporating this equipment which is on hand. 

Practice consistent with other mines and the particular equipment 

would indicate the following plan: 

Main entr:Les: Five, 18- to 20-ft wide, on 60-ft centers with 

crosscuts on 75-ft centers 

Panel entries: Three, 20-ft wide, on 50-ft centers with crosscuts 

on 75-f t centers 

Rooms: 20 ft wide on 50-ft centers, 300 ft deep. Pillars 
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to be extracted as •:!omple. l:ely as possible. 

At a productivity of 300 tons per shift for a Lee-Norse unit and 

200 for a Wilcox, the 625,000 ten-per-year er 2500 ton-per-day target 

will require 3 Wilcox units on day and afternoon shifts and 2 on mid-

night shift, with the Lee-Norse unit opi?!rating all 3 shifts. The unused 

Wilcox units provide for maintenance as well as a backup capacity of 

800 tens per day. 

Capital Requirements 

The book value of present equipment, to be considered as a capital 

expense, is $ 500,000. Addition.al capital expenses will be incurred as 

follows: 

Mine site, dry and office - year 1, $ 75,000 

years 4 and 8, $ 30,000 

Main conveyor _.. year 1, $ 300,000 

year 7, $ 60,000 

Preparation plant - year 1, $ 700,000 

year 6, $ 70,000 

Surface substation year 1, $ 30,000 

year 3, $ 30,000 

Fan station ......;. year 1, $ 30,000 

year 3, $ 30,000 

Underground substations year 1, $ 175,000 

years 2-5, 7-9, $ 15,000 

year 6, $ 35,000 
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Haulage equipment - yea.r 1~ ·$. 400,000 .-·· 

years 3, 5, 6, 8, $ 100,000 

years 4, 7, $ 40,000 

Mining equipment - years 2, 3, $ 250,000 

Miscellaneous - year 1, $·50;000 

yea:i;s 2-3,.1, $ 7,500 

The totalsare: 

Year 1 - $ 1,805,000 

Year 2 $ 272,500 

Year 3 $ 402,500 

Year 4 _; $ 82,500 

Year 5 $ 122,500 

Year 6 ~ $ 212,500 ,,; ; .. _ 

Year 7 _... $ 112,500 

Year 8 - $ 152,500 

Year 9 .... $ 22,500 

Years 10, 
11- $ 7,500 

Total :;; .$ 3,200,000 

Total l,abO,r requirement will be 17 salaried and 115 wage .employees 

on an annual b~sis. Total payroll is$ 1,735,000, or after payroll 

clearing factors (wage taxes, insurance, etc. ) $ 2,313,750 per yea:i;. 

Prod\lction supply costs are estimated at $1. 26 per ton of c,oal 

mined. Maintenance costs fo.r the Lee-Norse unit of $1.17 pe;r ton and 
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·for the Wilcox of $ o. 81 per ton are prorated. to an average of $ 0. 94 

per ton. Total production costs, .including labor then, are 

$ 2,313,750 
· 625,,ooo + $ 0.81 + $ o.94 = $ 6.452 

Other CO$ts are itemized as: 

Miner'· s welfare $ 1.50 per ton 

Mine power .sio 
Non ... payrol.l wage taxes .230 

Insurance .300 

Equipment Rental .380 

Royalties .900 

The grand total expenses per ton, including the labor and supply 

costs, is $ 9.722. 

Mark¢!;. . Returns 

One customer has specified a contract wou,ld be accepted for 500 

thousand tons per year over the 12-yr life of the mine. The price 

guaranteed is $ 16. 50 per ton of cle~m coal, L o. b. mine, in half-

unit trains~ If the contract is accepted, gross receipts will be 

$8,25-0,000 per year or $ 99,000,000 over the life of the mine. 

Worth of the Project 

The woJ:th of the proposed project;: was an.alyzed by two tecl:rtij.ques: 

rate of return ci.nci net discouuted present value. The overall project 

shows a rate pf return of 70. 9% ,, The net discounted present vaJqe at 
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a 25% discount rate, a coinmon.rate in coal niin.lng analysis, is 

$ 2,689,729. 

Selection o;f Alternative and Sunttnar.z. 

Clearly, the proposed projeet is of sufficient worth to justify 

selecting the alternative to mine as compared to one of no mining. 

In this analysis, though, no attention has been directed to reclamation 

or to the feelings of the public with regard to mining. It is then advi-

sable to consider such relations in an environment..,..integral analysis. 

Environment':"'integralAnalysis 

The operating d,etails and· obvious costs d'f'' the Lion Lick No. 33 

Mine will be the same in either analysis. What differs is the method of 

identifying and assessing these and additional, new types of value flows. 

In this limited case study, certain particular categories of resoiJrces, 

actions and receptors are less significant than in a full application. 

·However, the study has been particularly selected to high-light the 

t)o:siticin and value of reclamation in the new method of analysis. 

Resources. 

Since the case study is limited, tonnage and purity of ~in~t.al are 

fixed in s1.;1pply and consumption, other mineral values are assvmeo to be --. - - .. --. -. 
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absent, and legal constraints'"~iit!''incentiv~s ~ire assumed negligible. 

Capital and expense are assumed not to be l~miting factors. All of 

the other resources, as listed in Table .X, are assumed to be fixed in 

quantity, and capable of being consumed or altered by mining. 

Actions 

Of those actions listed in Table XI, "securi.ng rights. in pollution11 

is not to be considered, since (1) legal constraints and incentives 

are assumed absent and (2) no other bargaining structure for these 

rights has been established. 

Analysis of the proposed project without reclamation would include 

all actions on the list through "demolition or recomissioning of plant 

and: facilities, n as Well as '''Sealing" and "fefi'tting and posti.ng • H 

Considering reclamation adds the remaining action to the list. 

Receptors 

Receptors identified in the case study are limited to (1) the 

public, (2) the company, and (3) the environment. 

Alternative .APRrtilaehes 

Approtfches to the problem will include: 

(1) The traditional situation, as previously discussed. 

(2) The tra.Q.itional situation with varying degrees of recl9-mation and 

restoration, VP to an hypothetical, "complete" reclamatio11 proc~ss. 

(_ 
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Value Flows 

Securing rights in property consumes only capital and. expense, bµt 

establishes the quantity of the $everal :tesoiirces .at hand.; Exercising 

the options on the additional 1271.icres w:il1, therefore, result in a 

flow of $ 1,271,000 from co~any to public. Subjective value will also 

flow to the public in the form of gooQ. wilJ. or well-being. 

E'.ltploration activ:t.ties, aimed at increasing and/or defining tonnage 

and purity of minerals known to be present, would generally affect the 

limits of these constraints. Real pq,yment is made directly, in the fotm 

of wages, to the public. Subjective flow may occur due to (1) the in-

fluence of the exploration activities on good will, aesthetic value and 

health and safety an,d (2) through the consumption of certain scarce envi-

ronmental resources by the ei]?loratio:r:i activit'$T.~f At the rate of $2500 

per hole (total $30;000 for 12 hole~) the degree of impact mitigation 

(i.e., reclamation of access, cleanup of drill site) will be. nominal. _......,.. . . .. ,. 

Tt is suggested that the expense of $2000 additional per hole would 

hypothetically cancel these losses, re,al and subjective, through "com-

plete reclatnation. 11 (While such cost rightfu:j_ly falls in the categories 

of restoration, rehabilitation, a'Voidance and/or protection, it is con~ 

venient to itemize it here as an exploration cost.) It is further 

assumed that (1) the variation in t]li~ real cost is linear w:i,threspect 

to pe:i:;cen.t 1"e<;1~ma.tio'n and (2) the level of subjective value felt by 
• . . I 

the public W?pld range from a minimum to a ma~imum linearly w:i,th respect 

to percep.t rec+amation achieve.d. 

Excavation and matel;'ials handling consume tonnage and purity of o.re, 



.:,,; 

,150: 

capital and expense as real costs as well as a.variety of scarce env'i-

ronmental and subjective resources ... The activity, the way ri:tining is 

carried out and paid for, will affect, as weli as consume, good ~11, 

aesthetics and health and safety. 'Ground corttrol, the third facet of the 

mining method,. affects many charact:eristics consumed by these. The 

degree of ground control might affect the tonnage and :i;n,irity of ore 

extracted. The careful practice of a mining method may, therefore, 

achieve a balance between recovery percentage and adverse effects (sur..,. 

face and subsurface). In the case of a 44-in coal seam at a depth of. 

24.0 ft; the surface subsidence should be minimal or non-existent (even 

at pillar extraction to complete failure). The variety of environ-

mental quantities and qualities present will only be directlY, affected 

at the interface, that is, oil'the haulageway/""5'etween mine and surface 

plant. An extra expense of $10,;000 in design, and likely no increase 

in constructiot'l cost, would generally have remarkable results in the 

aesthetic value of such a mine installation and mitigate other impacts. 

Assume again that such a measure would be linearly related, as that dis-

cussed above under exploration. 

Waste disposal has, unfortunately, an extremely adverse effect. 

Most of the practicable technolozy today is included in waste disppsaJ,. 

However, techriolo.gy is yet to be developed and applied to restoration 
·. ,, . 

and rehapilitation of waste areas, as is discussed below. The costs 

allowed in the traditional analysis will be taken, then, to ill-elude 

waste disposal. An array of effects, primarily adverse, occ;ur to the 

environment as a receptor. In response to su~h subjectively valued 

· losses, the public response is generally to limit their demand curve for 

--------~· ----~ 
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coal. Current practicable teG.b:rioiogy will not, in this case, allow 

"full reclamation." 

Auxiliary functions are nominal and standard in approach, so.much 

so that their evaluation, in such a general analysis as this, is immater-

ial. 

Marketing is directly in proportion to tonnage and grade of ore 

and other mineral valu~s, and is virtually the only real source of 

income to the mining company. A variety of subjective flows may be 

created through the approach to the marketing process. 

The various attributes of mine closure are generally accomplished 

according to legal constraint. However, this analysis is to include 

complete restoration/rehabilitation of the mine site. The following 

costs are, therefore, estimated: 

Refuse Pile - 40 acres 

Restoration (contouring and grading) 

Soil cover 

Revegetation 

Plant Site 20 acres 

Clearing and stripping 

Grading 

Soil cover 

Revegetation 

Mine sealing 

5 openings at $5000 each 

Drainage Treatment - 0.09 MGD capacity; 0.03 MGD flow 

Plant installations 

$ 40,000 yr 12 

100,000 yr 12 

12,000 yr 12 

10,000 yr 12 

20,000 yr 12 

50,000 yr 12 

8,000 yr 12 

25,000 yr 12 

20,000 yr 1 



Operating cost 

$ 0.25/1000 gal; $7.50/day, in perpetuity 3,000 yr 1 . ..- n 

Fencing and posting only around treatment plant 1,000 yr 12 

TOTAL - year 1 $20,000 

all years: $3000 x 12 36,000 

year 12 266,000 

$322,000 

The entire region near Lion Lick No. 33 has been extensively deep-

and strip-mined. Much of the land is orphaned-mined land. Consequently, 

the restoration and rehabilitation activ:f.ties are capable of mitigating 

not only the activities of this specific mining activity, but also those 

of the past. Assuming, then, that responsible reclamation of the land 

may incur a high level of sentiment, the highly pqsitive subjective flow 

will be inferred as capable of increasing the subjective values of the 

p:ublic, from that which is prevailing prior to mining. This figure is 

arbitrarily accepted as the price of the coal rights, $1,955,000, which 

is rounded to $ 2,000,000. The changes to total subjective value are 

outlined with a very pessimistic outlook as: 

Action 

Exploration 

Mining 

Drainage Treatment 

Rehabilitation 

TOTAL 

Change to Total 
Subjective Value 
at Reclamation of 

0% 100% 

-50% +10% 

-50% +10% 

-100% +10% 

-100% +10% ---
-300% +40% 

Cost at 100% 

Reclamation 

$ 24,000 

10,000 

56,000 

268,000 

$358,000 
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In addition, subjective va~-q,e ·probably contains some term related 
--~. ,_-. : f'•" .... .' -:'· ' /' 

to economic growth. In this case, assume that this term. :is 10% of com-

p;;iny net. 

} · ... 
Graphical Solution 

For this .solution, then, the following points are summarized: 

(1) The plot is to be value versus percent reclamation. 

(2) Company net cash flow will vary from $14,919,600 at no 
reclamation to $14,561,600 at full reclamat:ion. (Reclamat:i;onv.q.ries from 

.$0 to $358, 000). 

* (3) Subjective value varies from -$7,491,960 at no reclamation, 

t.o $4, 256, 060t at 100% reclamation:> 

The s.olut:L~:m is plotted graph:Lcally it1 Figure ~,.:},. Of particular interest 

is that mining net changes much less rapidly than subjective.value. If 

the company is truly trying to maximize net at a given subjective vaiue, 

they will choose the solution at point A-· roughly 8~% reclamation. 

The plot also includes the tax subsidy relations as outlined pre-

viously, wit.h the TAXSUB plot as before. In this case, the benefit of 

choosing any point on the line :S-C, where net = maximum, is obvious. 

'!'his solution is at a slighly higher level of reclamati.on, approximately 

81%. 

* $2,000,000 -300% x $2,000,000 + (10%) x ($14,919,600) 

t $2,00Q,OOO + 40% x $2,000,000 + (10%) x ($14,561,600) 

__ . -~-------
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Linear Programming Solution 

The linear progrannning solution to the enviromnent-integral problem 

is developed in a similar fashion to the precr~ding graphic analysis. The 

main difference is that a specific percentage enviromnental control ac-

complished for each of four categories of action will be developed. Let 

these be designated as: 

Xl = per cent exploration reclamation, as decimal 

X2 = per cent mining design added, as decimal 

x3 = per cent rehabilitation effected, as decimal 

X4 = per cent water treated, as decimal 

The basic analysis pursuant to formulation of the linear program is as 

follows. 

Exploration reclamation percentage may vary from 0.0 to 1.0. The 

cost of reclamation will vary from $ 0 to $ 24,000 ($2,000 per hole. x 

12 holes), as: 

Cost = x. ( $ 24,000 ) 
..i. 

The subjective value percentage modification will vary as 

p = (O.l - (-0.5) ) x1 - ,., -u • .J , or p .:; 0 .6 

Mining design percentage may vary from 0.0 to 1.0. The cost will 

vary from $ 0 to $ 10,000, as: 

Cost = x 2 ( $ 10,000 ) 

The subjective vc:Jlue percentage modification will vary as: 

p = (O.l - (-0.5) ) x 2 - 0.5, or p = 0.6 x 2 - 0.5 

Rehabilitat:Lon percentage may vary from 0.0 to LO. The cost of 

rehabilitation will vary from$ 0 to$ 268,000) as: 



Cost = x3 ( $ 268,-000 ) 

The subjective value percentage modification will vary as: 

p = ( 0.1 - (-1.0) ) x3 - 1.0, or p = 1.1 x3 - 1.0 

Drainage treatment percentage will var1 from e:, a very small value, 

to 1.0. The cost will vary from $ 20,000 to $ 36,000, as: 

Cost = $ 20,000 + $ 3,000 ( 12 ) ( x4 ) 

The subjective value percentage modification will vary as: 

p = ( 0.1 - (-1.0) ) x4 - 1.0, or p = 1.1 x4 - 1.0 

Given these, the company net will vary as: 

Net $ 14,919,600 - $ 24,000 x1 - $ 10,000 x2 - $ 268,000 x3 

- $ 20,000 - $ 3,000 ( 12 ) ( x4 ) 

The subjective value percentage will vary as: 

Per cent subjective value change = 

. { 1. 0 + ( . 6 x1 + . 6 x 2 + l. l x3 + l. l x4 - • 5 - • 5 - 1. 0 - 1. 0 )} x 

$ 2,000,000 + 0.1 Net 

= $2,000,000 + $1,200,000x1 + $2,20Q,OOOx3 + $2,200,000x4 + 

$1,200,000x2 - $6,000,000 + 0.1 Net 

= -$4,000,000 + $1,200,000x1 + $1,200,000x2 + $2,200,000x3 + 

$2,200,000x4 + 0.1 (?14,899,600- $24,000x1 - $10,000x2 .. 

$268,000x3 -$36,000x4) 

= -$2,510,040 + $1,197,600x1 = $1,199,000x2 + $2,173,200x3 + 

$2,166,700x4 

The specific formulation then becomes: 

Maximize Z = $14,899,600 - $24,000x1 ~ $10,000x2 -$268,000x3 -

$36,000 x, 
4 
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Subject to: 

$1,197,600 x1 + $ 1,199,000 ~2 + $2,173,200 x3 + $2,199,700 x4 

0 < x < 1.0 - 1 

• 00001 2_ x4 2_ 1. 0 

For which the solution is: x1 = 100%, x 2 = 100%, x3 = 0%, x4 = 97.542%. 

Corresponding to these percentages, the subjective flow is $4,510,040 

and the Objective Function is $14,830,484.92. The x3 value stays at 

zero because maximization is realized without considering the most costly 

reclamation steps of restoration. 

This solution presents the same level of subjective value as the 

graphical solution~ whereas the graphical solution yields one general 

percent reclamation, linear programming optimizes the level of each of the 

four reclamation activities. 

A Possible Extension -- Midwestern Area Mining of Coal, 

The midwestern (tllino:is or Indiana) area mining of coal represents 

the next most involved consideration for mine-environment optimization. 

The resources, actions and receptors, as previously discussed, are 

the same in the problem. Variation is observed·, however, in the manner 

by which value flows are to be established and in their scale. There-

fore, these value flows will be reconsidered gn a gep.eral b~s:j.s. 
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Securing rights in property again consumes only capital and 

expense, while establishing the quantity' of several resources at 

hand. In the Midwest, however, the price of the land and of the 

coal rights will likely be significantly greater than the cost of 

similar land in Pennsylvania, since the land has higher agricultural 

value and generally thicker coals. There may be an increase in the com-

plexity of subjective value flows, since the farms of Southern Illinois 

are widespread, as are the mines, and farmers may be reluctant to part 

with their land if even for only a short time. 

Exploration activities in the Midwest will be generally less in-

volved than those in Pennsylvania. For one reason, the land is more 

or less flat and access is relatively simple - there is no need to 

cut new roads for drill rigs, etc. For another reason, the coal beds 

are more strati.graphically continuous a.nd previously documented. The 

considerations of cost and of subjective value flow will be not only 

far less involved but far less adverse in the Mi.dwestern situation. 

Excavation and materials handling in the Southern Illinois and 

Indiana regions incorporate some of the largest equipment known in coal 

mining. Not only do these machines possess the capability cf high 

production, they possess the capability of high rates of land disturb-

ance at a drastic scale. The way in which mining is carried out, espe-

cially due to th~ extreme visibility of operations from highways and 

other public-access locations, is critical to the degree of adverse 

subjective flows which occur on an aesthetic basis. Those who see these 

operations from afar, and who have little knowledge of what will be 

done to reclaim the mine, may be sincerely upset at the sight, and all 
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efforts to mitigate this situcihi':fn.;. should be cl:i!;efully planned and 

examined. However, the relationship between the costs of aesthetic 

protection and. the perc:entage protection are non-linear, or more of the 

form. 

Cost of aesthetic protection = emxp + b + t x . p 

where m, b and c are empirically obtained constants which relate the 

log-linear relationship between cost and the percent protection, x . 
p 

Moreover, the relationship l:etween percentage protection attempted and 

the actual subjective flow to the public is likely to be of the form 
m' + b' Subjective flow= e xp - c' 

wherem', b' arid c' are similar constants. In other'words, two steeply 

sloping graphs must be analyzed for their point of intersection, while 

the actual standard deviation of any empirical measurements will likely 

be greater than the absolute value! 

Waste disposal, particularly in regions of high agricultural value, 

would have similar relationships to those above, except the relationships 

would also hold true for the real dollar value of the land after mining. 

In certain areas of Illinois, the strip,-mined lands may have as high a 

productivity, or even a higher one, after mining than before, particu-

larly in the soy-bean regions. However, corn lands that have been mined 

do not recover so quickly as soy-bean lands. The degree of waste disposal 

will affect the degree to which land may be rededicated to agricultural 

purposes. 

Of course, the real costs and subjective va:)..ue flows. of waste 

disposal are essentially the same as those of mine closure, restoration 

and rehabilitation. Again, for the Midwest a logarithmic 
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relationship would be predicted: The loga·ci thmic relationship would 

be predicted both for the real costs to the mining company and for the 

real and subjective costs to the public. 

In summary, then, the application of such an approach to Mid-

western area mining would be possible. Ho·wever, the exact set of equa-

tions established would be exceedingly non-linear and complex, and would 

be based on scarcely reliable information and conjecture. It would still 

be possible to optimize such a set of equations by using simulation or 

some non-linear programming techniques. However, the cost and time 

would likely be excessive and the results too inconclusive for practical 

use. 

Conclusions 

This has beena very limited and hypothetical case study although 

based on real data. It has been shown that analysis of resource-action-

receptor chains and simultaneous optimization of real and subjective 

values is feasible in a simple case, and that a tax and subsidy struc-

ture could be determined from such analysis if the equivalence of real 

and subjective values can be determined. 

An application was presented of solution of this system by a linear 

programming approach. Discussion was then presented of a slightly more 

involved case, that of Midwestern area mining. In this more-involved 

case, the equations become complex and non-linear, and while resolution 

by sophisticated mathematical programming techniques might be possible, 

the results would likely be inc,onclusive as a result of the inadequacy 
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of data, both for the specific problem and as used in derivation of 1:}1e 

empirical relationships. 

Other conclusions are that this meth()d of analysis: 

(1) Shows the company how ftactio'nal. changes in the production of 

environmental quality drastically affect the total social welfare. 

(2) Can show the company that taxes or effluent charges, if 

viewed as economic disincentives and analyzed by this method, create 

a situation in which it is more desirable to produce environmental 

quality. 

(3) Can be used, if sufficient socio-humanistic relationships 

could be determined, to establish the real economic value to the com-

pany of producing environmental quality in addition to mineral products. 



LIMITING CASES OF }fJNE-ENVIR01111'rENTAL ANALYSIS 

While a technique for mine'-environmental planning has been de-

veloped, it is obvious that there are limitations to its current appli-

cations. These involve considerations of (1) technological costs, 

(2) land-use values, (3) subjective values, (4) long-term questions, 

and (5) short-term and local vs. long-term and total welfare. In this 

chapter, these areas will be considered as they relate to various mining 

situations. 

Many of the observations in this chapter are drawn from four 

years' personal experience as a planning engineer for the Climax 

Molybdenum Co., Division of AM...\X, Inc., at their Climax Mine, the 

second. largest underground mine in the world, and with their Henderson 

Mine, a new, environmentally sensitive operation. Further observations 

are related to personal experience with The Pennsylvania State Univer-

sity, Department of Mineral Engineering, in an Environmental Protection 

Agency-sponsored research program to develop a "Manual of Practice for 

Pre-Mining Planning: Eastern Surface Coal Mining." 

Boundary Conditions to be Considered 

In a previous chapter, "Qualitative a11d Subjective Optini.ization 

of Mine-Environmental Relations," certain cases were recqgnized as 

typical of the boundaries of mining conditions. These will be considered 

162 
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individually, and include: 

(1) Underground mining with limited subsidence 

(2) Caving methods 

(3) Eastern surface mining 

(a) Contour mining 

(b) Area mining 

( 4) Western surface coal mining 

(5) Open pit mining 

The five areas of involvement, as suggested in the first paragraph of this 

chapter, will be discussed for each of these five boundary cases. 

Underground Mining with Limited Subsidence 

This category would include most underground coal mining and the 

hard-rock methods of cut and fill, room and pillar, shrinkage, and 

timbered stoping. It is that in which the case study situation-would 

fall. 

Underground mining with limited subsidence is selective rather than 

a bulk method. The operating costs are relatively higher than for other 

underground mining, but well defined. Technology is, therefore, not 

a constraint in planning, although the high cost may be. 

These methods off er the minimum of surface involvement, so land 

use values are of limited concern. However, long-term land value after 

mining is a separate and additional question (discussed bE!low). 

As in the case study, subj ecti.ve values relate to: 

(1) Control of mine drainage 
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(2) Restoration and rehabilitation of disturbed land 

(3) Aesthetic value or disvalue of the min~ plant 

(4) In some degree, the ec.ono'.lµ:ic growth provided by the company 

These can all be discussed relatively sinipiy. Their quantifica~ is, 

however, much more involved than as presented in the case study. 

Little capability e:xists to relate subjective value to real value. 

Long-term concerns are the major boundary considerations in limited 

subsidence mining, related to: 

(l) Eventual subsidence of surf ace 

(2) Perpetual maintenance of drainage facilities 

In Southern Illinois today there are extensive areas of suburban devel-

opment on land mined approximately 70 years ago. Houses of value up to 

$100,000 are underlain by mine workings thought to have been safe. 

Recently, however, subsidence has reached the surface, to so great an 

extent that a bill is und.er consideration to require subsidence insur-

ance of ra:i.ne operators and to provide such coverage' to the surface 

title holder. This case may prove typical of other geographical 

areas in the future, but it is not known for sure if it will or won 1 t 

happen. 

While methods are known for sealing mine openings and for treating 

such drainage as does occur, there are cases in which these procedures 

fail. Who knows how long a mine seal will last, or when it may need to 

be replaced? How long must a neutralization plant remain in operation? 

And, in both questions, who is to pay for these proce.dures? The re-

sponsibility for payment must.be reflected in reduced prices or other-

wise established with the miner, unless ·otherwise n!:;gotiated. But the 



exact probabilities and possi6l.'.1ities of':~uch' long-term questions are 

difficult to assign and more difficult to quantify~ . 

Fortunately, for the planne.r; most underground, non-subsiding mining 

has long-:term effects on total welfare which far outweigh any impacts of 

short-term and local use. More importantly, •. the immediate short-term 

local welfare is monetarily greater, in most cases. Of course, for 

national parks and forests, wilderness areas, or suburban or urban de .... 

velopment, ·the alternative short--term uses may be more important, in the 

long-term, than mining by these approaches, which generally involve smaller 

deposits,. and less monetary benefit. 

Cavin& Methods 

This category includes large--sca:le sublevel stoping, top-slicing, 

sublevel ·.caving, and block, panel or mass caving. Generally, these 

approaches can be thought of as non-,selective, bulk mining methods wit4 

high associated waste and subsidence. 

These methods are often the only economically feasible means of 

extracting certain lower grade ore deposits lying under such a depth 

of cover as to preclude their e~ploitation by surface mining. They rely 

··on: 

(1) Cheap, close disposal of tailing 

(2) High volume rates of extraction 

(3) Collapse of overlying strata, either inherently in or close 

after mining 

Efforts to reduce ei,ther the problems in production and disposal of 
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waste or rapid and large-scale subsidence cannot be made, as the system 

cannot work when so restricted. ' The techiml~gical costs depend on 

economies of scale and disregard for the surface. 

Caving methods present the most drastic form of surface disruption 

known in mining.. In short, the land is completely removed~ The value 

associated with the land under which mining occurs is virtually gone 

completely. What is left is a crumbling hcile, suitable, perhaps, for 

use as a lake or for disposal of waste from other mining operations, but 

little else. The value of this loss, indeed, this establishment of neg-

ative land-use value is hard to determine. 

The 1000-,m wide x 1500-m long x 500r-m deep "glory hole" caved at 

Climax, Colorado is, in some ways, pleasing to a mining engineer 

familiar with the 60 years of mining which it represents. However, the 

aesthe,tic value of, this hole in the ground to others is questionci.ble. 

In general, intense subjective value flows are associated with c.aving 

methods, and the.se are hai-d to quantify. 

The main long.-term question, what to do with the hole, oversha-

dows most others; however, the dis1losal of waste is a close second, 

Concrete plans, in both instances, are difficult to envision. As a 

boundary condition, then, the long..,.tetm question is closely related to 

the technological cos.t. 

If long-term questions and subjective value$ in the total welfare 

can be jl1Stifie.d, it is through the appropriateness of these short-term 

uses. A comparison of values to total welfare of a. caying mine to an 

open pit mine might show that real economic value. was identical while 

subjective value was better for caving. At least caving, involving 

--~---- --- ----



16 7-· .. :/ .:: " 

~: .. ~ i 
drastic distu:rba:nces, does concentrate these in so small an area as .. .i:s 

possible if the mineral resource is to be extracted. Further, caving 

and bulk methods allow the extratt:lon of resources for which our country 

would otherwise be dependent on imports. The_capability to equate 

these values in a linear program is questionable. 

Eastern Surface Mining 

Eastern surf ace mining will be considered with regard to the two 

different.approaches: contour mining and area mining. 

Contour Mining 

Contour mining may be further divided into two categories: 

(1) general outslope disposal 

(2) in-pit disposal utilizing controlled and limited 

outslope disposal 

Varying degrees of environmental quality can l;>e maintained and pro-

duced depending on the cost the company is willing to pay and, sub-

sequently, the method they use. The haulbackand valley-fill combi-

nation, an environmentally more preferable approach, is cost-competitive 

with parallel-slope disposal, block-cut W'ith partial outslope disposal, 

or box-cut with partial outslope disposal, in most situations. 

Mountain-top mining methods actually allow more coal to be extracted 

and at lower cost than by other contour methods. The costs to be 

assessed are the extra steps - :reclamation and comtnunity relations. 

The competent relcamation of contour-mined land can result in 
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apparently higher land use vaiue' than that ptior to mining in most of 

the Eastern Coal Province. In mountain top minirig, the resulting flat 

land or shallow hills· and terraces may enhance future use potential 

for development or farming purposes. Traditional contour mining can 
, . ··~ 

create grazing land in the midst of previtrusly low-use forest. 

Conversely, however, in areas where predominant present use is 

as pristine wilderness, development will contravene that use. In this 

case, the development's increase of land use values is questionable, as 

a particular land use is destroyed forever. 

Contour mining is frequently a point of great emotional conflict. 

A wide range of subjective values is possible depending on the specific 

individual circumstances related to intensity of preference. Aesthetic 

values are frequently reduced by the presence.9f contour mines and 

highwalls on miles of hillsides. Such subjective values may, however, 

for this case be more simple to quantify than in others. 

Two other areas of loug-term cc;;ncern are present: (1) stability 

of slopes and fills and (2) maintenan1;e of water quality. Although 

fills and water management processes are designed according to the best 

of engineering practices, long-term failures of valley fills or storm-

water handling facilities is inevitab:j.e. The possibility of these 

o.ccurrences must be balanced against the short-term relations. 

In the analysis of contour mining, the apparent inacceptability 

of the proposal on a short-term or local basis has often been offset 

by considering the long.,..term and total welfare. The dictum "most good 

for the most people11 is to serve as a guide, but is difficult to relate 

in a quantitative analysis. 



169 

Area Mining 

Area mining in the east is somewhat easier to consider than contour. 

It has less concerns with stability and :more well-defined relations to 

water quality. 

Since Eastern area mining is characterized by the giants of earth-

moving, economies of scale are the most important considerations in de-

termining technological costs. These are well-documented, and prove 

to be little of a problem in analysis. 

Predominant pre-mining uses in area mining regions being agri-

cultural, the restoration of land-use values is not particularly a 

limiting consideration. Reclamation of area-·mined land can commonJy be 

very effective. Subjective values in area mining are simple in com-

parison to some other types of mining. 

The primary long-term question regarding area mining is its 

effect on subsurface water flows. These are not particularly predic-

table, and this question area may quite well prove limiting to area 

mining analysis. 

Conflicts of the nature of short-term and local uses vs. long-

te.rm and total welfare are minimal or are directly related to those as 

in contour mining. 

Western Surface Coal Mining_ 

Western surface coal mi.ning in many ways resembles Eastern area 

mining. There are, however, several differences which make the situ-

ation almost impossible to analyze. As has been discussed previously, 

---------- -----



Western coal deposits would support a scale of operation unknown in 

mirtiug practice. The technological relatibhships could not be accu-

rately and sufficiently forecast to allowquantitative optimization. 

Silllply stated, the current<lartd-use'vaiues and the intensity of 

preference for these values at local levels cannot be quantified. Great 

subjective values are associated with the areas of Western coal develop-

ment, but these relate prilllarily to land-use values as above. While 

many of the subjective relationships might be as easy to quantify as 

those in other types of mining, some will present extremely difficult 

cases. 

There is one area in which quantification would justify Western 

surface coal mining. The long-.term and total benefit to the public 

as a whole must. be sufficie1it to offset all. other effects of the short-

term and local use. It is almost impossible to relate the intensity of 

preference to an economic consideration of total welfare. It is also 

difficult to consider the wishes of one local public as more illlportant 

than those of the country as a whole. 

Open Pit Mining 

Open pit mining is the strongest limiting case to be considered. 

Small open pits follow the· same discussion as. for Eastern surfac.e con-

tour mining. For large open pit mines, the problems ar~ those of caving 

mining a.nd Western surface mining combined; a simply overwhelming 

composite. 
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Observat'idins and Conclusions 

The following observations and conclusions are to be offered 

regarding the limit cases. 

(1) Underground, limited ... subsidence methods are the most envi-

ronmentally protective and could be practiced in any location 

where technically feasible. 

(2) Caving methods and other bulk methods relying on subsidence 

and ground failure which will reach the surface should be 

restricted to areas of limited current and potential surface 

use. As an alternative, sublevel stoping, with backfill, 

could be used as a possible substitute. 

(3) Eastern surface area mining is reasonably acceptable in its 

present form, except in areas of unknown subsurface water 

flow, wilderness areas, or heavily developed areas. However, 

its subjective relationships are difficult to quantify. 

( 4) Eastern surface contour mining ~~hould be allowed providing: 

(a) All spoil is either replaced on the bench or in a 

well-designed and monitored valley fill. 

(b) The disruption is co:rmn.ensurate with current land use 

(i.~., current l.a.nd use is not wilderness)• 

( c) The long-term liability is established and perpetual 

maintenance is provided. 

( 5) Western stu-face coal n1ining should be allowed only in areas 

where the surface can definitely be restored to a productivity 

very similar to that prior to mJning and wh~re a high percent 
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Ultimate harmony or balance between man and his env:i..ronment, as the 

penultimate :i..n planning, requires that i:nfo:ri;ned participants join in 

concerned cooperation, not limiting invcilverrte.nt:. to the aspects of a 

particular discipline but integrating all of the sciences and engineering. 



Sugg es tio.m! for Future ltes.earch 

Certain areas of future research which have been implied throughout· 

this dissertation, as well as other specific areas, include; 

(1) Research in the real-dollar aspects of subjective value flows. 

(2) Further identification of the scarce resources, actions, and 

receptors of mining' and the relations of consumption and flow 

of value between and among them. 

(3) Development of parametric, mixed-integer, and goal programming 

approaches to the mine-environmer1tal planning problem. 

(4.) Specific relation of the constraints of value flows of the 

mining environment; type to the mathematical approaches to the 

general mine planning problem and as an approach to the model-

ling of a total mine. 

Summary 

The bases fo:i: nian's concern with his environment and the nature of 

mining and the mine planning process have been reviewed. Mining engin.,.. 

eering has been discussed as a blend of severa.l disciplines held together 

by a uniqµe philosophy and approach. Consequently, the problems of 

mining, environmental or otherwise, ar;e, in total, unique to that 

industry; hoT.\reve:r, upon sufficient in-depth a11alysis, the aspects of 
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any of these p-roblems are seen tC. be not of themselves unique but 

related to problems and situations common fo other disciplines. 
. . . 

Such a relationship was takeri to suggest the total systems approach 

to problem solution. An in-depth review revealed that such an approach 

is, at least partially, present in the traditional mi.ne planning method;.. 

ology. An expansion of the fo.rmulation of the mine planning problem, 

through a three-component resource-act;i.on;..receptor chain was presented. 

An optimization process, directed at maximizing certain flows of real 

value, as influenced by other flows of real and subjective value, was 

developed. 

Through a case study, it was shown that the incorporation of 

environmental concern, although an additionq.l cost element, may actually 

result in higher returns to the ~ompany if reg;ulations are of the nature 

of a: tax or subsidy. The conclusion was drawn that even though total 

costs were higher, environmental concern can be of benefit to the mini:ng 

company if real returns to subjectiy~ flow occur and can be considered. 

Since.analysis of mine-environmental relations was shown to be 

feasible through a traditional and nominal engineering technique, anal-

ysis by a sophisticated management science and engineering approach, 

linear programming, was proposed as a possible extension. A formulation 

and solution of this pro]:>lem was presented, a11d it is felt that appro-

priate analysis by mathematical progranuningmay well be the key to ul-

tiniate optimization of mine e,nvironmental planning and control. 

However, the resolution of these problems is in many parts. Tech-

nique is one part - one that can be sol•;ed on an individual basis. Com ... 

poaite sol:ution requires team efforts of anaJysis and application. 



Ultimate harmony or balance bett.veen man and his envtronment, as the 

penultimate in planning, requir~s th.at infot:med participants join in 

concerned cooperation, through not only enVironme.ntal but all of the 

sciences and engineering. 
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Art approach and technique for optimizing mine enVi.ronmen:t;:al plan"'" 

ning was developed. As a basis· fo.r discussion, the perspective of the 

enviromnent was reviewed for several disciplines. The characteristics 

of environmental planningand some common methods in environmental 

planning were reViewed. P..s a further basii;: for discussion~ mini!lg and 

environmental ptactices were.:teviewed. 

A specJ..:.fic discussion of various subjective an.d qualitative a.p-

preaches to and ways .of optimizing mine""environmeµtal relations were 

pres•ented, prior to development; of the new quantitative approach. 'I'hi$ 

21;pproach relies on analysis of three•compqne'nt resource-action-receptor 

cnains and the real and .subjective value flows associated with these. 

Two techniques for optimizing these chains were presented as (1) graph-

1cal s0l utl.ott and (2) linear progra:tnllling. 

A case study of a simple ii1ining project is analyzed by the graph~cal 

and linear programming techniques. Then a discussion is presente.d of 

the various limit cases in mining and how they would be resolved in such 

a type of analysis. 
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