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Many actions have been taken by‘tﬁe‘United States to cope with
those probléms which arise when man interacts with his environment.
Legislative action has evolved continuously over éevemty years beginaing
with the Rivers and Harbors Act of 1899 and culminating in the Natiomal
Environmental Policy Act of 1969, NEPA. NEPA is now famous fof requiring
environmental impact statements for projects with significagt and major
federal action. Court decisions have extended NEFA, so\that in virtually
any federal action, the government agency involved is forced to iﬁcor~
porate environmental considerations into the total planning process.

A wave of public sentiment has evolved al;ng with the establishment
of this definitive national eﬁ#izénméngal;policy; ‘Probably small, but

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 pfoposed developmenté. Avid Suppert for this environmental
protection stand, combined with further federal action and the pattern
of courts' decisions, has entrenched national eﬁvironmental policy amd
kept it in the spotlight.

Aloﬁg,with policy expansion, a large-scalé technologicél-ekpanSion
has occurred iﬁ the environmental sciences. The environmental sciences
are, in reality, no more than extensions of the traditional fields of

knowledge. However, an understanding of the imterrelaticnships requires
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; breadth of comprehensionvgéif”possiblevff;; multidisciplinary studies.
In such multifaceted investigations, distinct relationships are still
often difficult to identify. :A ghift ¢f relationships is present, from
the quantitative, hard facts of engineerirg and science, through inter-
mediate regimes characterized by econcmics, to the qualitative and sub-~
jective bases of knowledge found in the humanities and social sciences.
The efforts of a team of specialists from several general disciplines,
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,iscientists, economists and socizl
scientists‘have such different professicnal backgrounds, with different
technical jargons, that meaningful communications may be hindered. A
full exchange of»values may reqﬁife‘a ﬁéfy forceful cocrdinatioh'and
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:which
is expected in most regulations, even with the best applicable techmology,
can result in some illegal and irreversible changes in the environment.
However, even the worst effects of mining can be balanced by positive
aspects related to the national and local needs. Increased employment
and production and their corresponding scciological benefits is an

example.



Mining engineering isf ‘:_ﬁé,in thgé}tﬁgé discipline has few
explicit technical distinctions fipm déhér'eﬁgineering disciplines,
Mining ehgiﬁeeringvcombines‘éépecé$ ofio&ﬁér:fields with its own phil~
osophy and method. The eduéégion'and experieﬁce required for analyzing
environmental interrelationshiPS’énd theif?iﬁdirect effects on the
mining situation are not usually conéideféd.‘ From a limited data base,
the mining engineer acheives, through a total-systems analysis, specific
definition of a complex operation from many viewpoints. Yet despite an
‘excellent effbrt, a lack of knowledge in a few closely related fields

may severély hinder the achievement of a comprehensive, interdisciplinar§
aﬁd systématic assessment which'integrates environmental concern with the
planning process.

Technclogical expansion to support national environmental policy
requires that mine planning be pursged concurréntly with environmental
planning and operations relatééiﬁsiéiﬁiﬁg% While the details of neither
function are separately unique, there is a uniqueness to their combina~
tion. This combination, while apparently simﬁle, ié still not the ap=~
proach which is pragticed today. Extreme benefits can be achieved ﬁf
the mining operatioﬁ which chcoses to integrate production of environ-
mental quality with the prbduction of other natural resources for con~
sumption. The’first part of this investigation will review the general
aspects Qf énvironmental concerns and include some relevantldé;ails‘
Mining eﬁgiﬁeériﬁg aspects will then be surveyed. Following this, a
subjective approach to the optimization of mine-environmental concerns
will then bgfdeveloped by which the mining engineer can analyze and

plan for the utilization and production of mineral values and



environmental quality. A Caéé.étﬁdy follows which presents a typical
mining engineering analysis and then an integrated, mining-environmental
analysis, emphasizing additioﬁéi Benefiés which the mining»company~méy
identify through the composite analysis. Ta conclusion, an evaluation is.
presentéd of the logical extensions of this:approach to more complex

mining situations.



THE PERSPECTIVE OF THE ENVIRONMENT

In any investigation, the first steps are to review énd identify
the sources and types of data availablé and the manner in which these
may be used for solving the problem. The soﬁrces 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 miniﬁg 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 éhapterﬂintroduces these pe}spectives, the aspects
and perspectives which will be stressed in further discussion.

There are several basic éoncepts which occur repeatedly throughout
such a discussion and require definition. Enviromment itself is defined
in Webster's New Collegiate Dictionary as: surroundings and influendes,
Specifically an environment is a definite set of circumstances and con-
ditions, ph&sical, chemical, biological and'spcial, in which a person
or thing lives, resides or works. Ecology, which is often confﬁsed with
environment, is derived from the Greek word for "home." Ecology is a
specified.fiéld of biology, dealing with the study of life in the home,
or more specifically, with the study of the relationships of an organ-
_ism, community or population with its environmment. Communities are

groups of organisms. A community is a common study group said to reside
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in an ecosystem. One of %ﬁé?gésic goaié dﬁ’ecology is to define a
niche. A niche is a specific set of surrocundings and influences uniqﬁe
to the animal or plant beiné‘studied: ~ A niche could be described by a
list of all characteristics of the envirornment Within»which:something
vresides.'

Broadly, this study deals with human ecology, the effects of man's
actions on his environment, and more specifically, it deals with the

control and avoidance of contamination and pollution. Contaminstion

is any action which alters a component of the environment. Pollution
is an act of contamination which alters a component to such a degree
that the environment 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 episodes.

Many vogue terms have developed to express the environmental
effects of an action. These terms are outgrowths of environmental im-

pact statements and include impact. type, level, degree and importance.

an impact, the efféct of an action, may te positive, negative or null

in type, deﬁending on whether the effect is beneficial, adverse, or has
no influence. Level of impact refers to either direct impacts, which
are straightforward consequences of an action, or to indirect impacts,
‘which are side-effects or spillovef conseqguences. Degree and importance
relate the extent of the impact. Mowing a lawn is of high impgrtance to
the lawn. The entire "ecosystem" of the lawn is affected. EBut the
small amouﬁt cf grass actually removed makes the act low in degree. In
the same system, pulling a weed is of low importance to the lawn-system

while the degree is quite high to the weed.



Internality and exts % are primarily terms in environmental

economics; however, it is fééhibnable to use them in many environmental
contexts. These terms reiafé;ﬁé'thevdifeéiness of effects. In an ecoc~
nomic context, internalities &are viewé&:ééfcosts or benefits wholly
borne by the firm. Externalities "arise wﬁen the voluntary eéénomic
activities of economic‘agehts affect the interests of other'écdnomic
agents in a way which does not set up a legaliy recognized right of

compensation or redress," (Keating, Barry, 1976, 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. 'Theféﬂis an alﬁost instihctive drive for man to
expand his natural resource‘ﬁ@gﬁgclogyibﬁfhere is also a moral instinct
to deal with the consequences of his actions. Man must ﬁsé natural
resources in a manner which optimizes protection of the environment,
conserving and preserviﬁg such of his natural resources as he can.

Environmental concern is founded in five general areas: (1) the
naturalbsciénces (biology, physics, chemistry), (2) the humanistic and
social sciences, (3) economicé, (4) law, and (5) engineering. ‘Each, in
turn, has its own sub~disciplines and specific environmental aspects.
Criteri% aﬁd sﬁaﬁdards related to optimizing environmental ééécern are
found in §ach of these five areas. Tactors are often‘determined as char-
acteris?ic of particular situations. These factors,‘%hen they relate to

an ideal condition, are regarded as criteria. When criteria are accepted
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throughout a discipline, or established b?"%ﬁé government through legis-
lation as requirements to be mEt‘for the general welfare, they become

standards.

The Nature of C:iteria ofvthe‘Scienées

Applying a ratiomal approach to a given question is not always.
purely rational. Subjectivity is often required even to recognize that
there is a probleﬁ. Certain disciplines are more rational than others
and thése are the sciences. Criteria of the sciences, the natural
theories and laws, are the base for investigations in other fields and
should be understood to assist in understanding other fields.

Maﬁy environmental planning criteria, conéefniﬁg the effects of
actions on life, are derivéé from bioclogy. TﬁZse criteria may have been
accepted and legislated as enVi;onﬁgn;ai‘quality standards. Information
about organisms, their relatiomnships with their surroundings, and the
study of éssociated physical, chemical and social interactioné serve as
measures in analyzing the effects of contamination. It may be important
to cﬁnsider combinations of two or more contaminants and their cambined
or'synergistig effects. .(Synergy refers to individual items which
greatly enhance individual effects when combined.) The study of indivi-
dual and synergiétic effects requires a study of the total envirénment
and the #oééiilifé system, an integration of individual criteria to .
achieve a composite assessnent. |

Distigc#@ons can be drawn betwezen the quality of one contaminant,

or effluent criteria, and the quality of a combination of cnhtaminants,
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or system |criteria. Such a distinction is gquite common in water quality
analysis, where actual standards are dévelopad for individual items as
effluent standards, and total system standards are developed as stream

standards.
\ .
Chemistry and physics provide few direct criteria linking the sur-

roundingsito the quality of life. Béthvof‘these fields, however, are
|

. . | .
extremely |important since they provide investigators with methods by

, w o
which conéaminants are detected and measured. They also suggest ap~

proaches ﬁor.thé removal, reducticn or neutralizatiocn of contamination.
|

Physics also serves as the foundation for radiological health and con-
i ,

trol.
|

The geosciences deal with the fundamentalmihysical and chemical
nature of the earth. These disciplines link physics and chemistry to

the non-living or abiotic aspects of the environment. Specific disci-

plines of /geology address the gross environment, while other areas such

as agronomy, meteorology, or hydrology discuss natural processes and

cycles. fhese delineate the physical limits of natural systems and the
: ] =LWMELS

chain of natural cycles.

The Nature of Criteria of the Humanistic and Social Sciences

SomeJéfzihe méfe important considerations of environmentél élanning
are'in-the less objective area of the humanistic and social sciences.
Many of the subtly positive effects of technology are indirect, or econ~
omically éxﬁgrnal. An unwritten doctrine of public trust, that regards

mankind's welfare as the ultimate of his endeavors, should be present




.in any planning philosophy;ﬁ‘Théudbctriﬁéérgfqthe socio-humanistic
fields are the bases for planning future techmological advances.

The behavioral aspects of human eéblﬁgﬁ are developed in the field
of sociology, the study of the nature, 5ti§in, and development of
society. The social reactions of man‘must be predicted if the full
impacts of a proposed action are to be determined. The ébility and
deéirés of a population fo accept any project will limit the speed and
degree of techmological advancé possible. Usually, tradeoffs are
necessary, such as balancing the benefité of increased employment and
income against the social change from agrarian to an industrial cul-
ture. These analyses can‘become crucial in assessing the benefits of
a proposed action.

History can be important in two ways. Many disciplines of‘engineering
and particularly mining rely heavily cn‘past practice with the tradi-
tional apprcach being preférréé‘ééﬁé ﬁé% gﬁd urnitried one. Historical
records are limited concerning the environmental consequences of mining.
Industry35~preferenCe ﬁo follow traditional practices must be care-
fﬁlly reviewed and integrated into a revised mining«environmehtal
planning process. A second aspect of historical consideration is that
mining must, of course, respect the value of sites unique to both
nationél and local heritage.

Mineagiagnigg has to recognize the bargaining and‘collgggiye-
action mechanisms by which governmental policies and practite are deter-
mined. This is the field of political science. The ?rocesses by which
laws and‘regulations are established are both specific and alsc fairly

idiosyncratic. The planner who understands this should be more capable



of negotiating within such.évégégéwork;uiéélggculd also find that this
understanding aids him in 1nterpret1ng the spec1f1c regulations Whlch
affect his operation.

Various aspects of philosophy, andbféligion, affect most of the
other fields of sciences, humsﬁitiés; enéineéring,'etc. A general con~
ceptual foundation should undérlie technological endeavors and serve to
direct the planner in achieving his goals. The presence of such a
~philosophy of work alone does not justify actions, but is necessary to

justify further action.

The Law

Laws dealing Wlth the env1r01ment :and m1n1ng are concerned with
dlStrlbLtlng benefits and costs through a system of property rights.
The major law of property righ%ésiégébﬁﬁbﬁ_law, cr the accumulated de-
cisions of épecific cases. Since environﬁental quality can‘be'transieut
and intangible, and since mineral values may be separated from other
property values, common law cannot always resolve all conflicts. Sta-
tutory laws and regulations are meant to handle these extreme conflicts.
Economists and political/social commentators, however, agree thét regu-
lation is imperfect as compared to the bargaining system of the pure,
property-right system.

Théiiﬁdividual who owns the surface owns everything‘fgildﬁélum;gg
gg.infepnos;" (to the heavens and to the depths) according to the Roman
common laws, (Geldberg and Power, 1972)., These property righté‘include

minerals, water, surface, access, etc., and can be separated and rented
3 N > s ’ ’ » )



or sold at the discretion éfitﬁé owner. rSé;éling the conflicts of =
multitude of various owners tf?ihg to exsrcise their various rights is
the crux of legal evolutiom.

Surface owners have the‘riparian righ' to use water, so long as
they do not interfere with the rights cf others. Industry-prejudiced
court caseé in the late 1800's muddled the common law of riparian rights,
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
tc the minerals has been established. In many of these cases, respoen-
sibility can only be established by a law suit unless it is very spe-
cifically covered in the deed or lease.

Mining responsiblities can be shared by many property owners at the
‘same time, Responsibility caﬁ.Be Aivided Eetween surface and mineral
owners according to the time the problem occurs, unless the owners have
specifically agreed upon some other way. Prior to miniﬁg, and then at
the expiration of the lease, the miner is not responsiﬁle. Unless
responsibility is otherwise specified in the lease, the landowner must
make good any damages which occur after mining is over.

Regulation of many mining activities is divided between federal and
state_agengig; by law. Regulatory state agencies pertinent to mining
and to environmental 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 coatrolling mineral acquisition under federal claim and lease
2 B
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laws. Often, these officeéigié5 ééordin£€é égmpliance with state and
federal fegulations for pefﬁiﬁé‘én& liééﬁééévto mine. In other imstances,
the mine operator must contacﬁ a ﬁﬁiti#ﬁé%”df different state offices

and achieve coordination througﬁ tis own efforts. A single agency or a
éet of closely related ones will also often sxist to cover varicus aspects
of watér, air and solid waste management, either because of federal regu-
lationé or as suggested by federal policy. PFinally, mining activities
must be coordinated with somé state functions which exist in an advi-

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

Considerations in Economics

I1f a proposition is to be optimized, there must be some common basis
on which alternatives can B; compared., Ultimééely, the common basis
for measuring iangibles and iﬂiéﬁgibiésﬁié;dgllars. Positive and nega-
tive effects of an action must be redﬁced‘to quantitativé values, the
sum of which is combined to prodﬁce an economic value for the proposed
préject alternative, This is known as benefit-cost analysis. The f£ield
of economics is the hinge point of mining-enviroumental analysis. Eco-
nomics provideé the framewofk for analyzing the large-scale or macro- '
economic relationships, and the mine level or microeconomic ones. Thé»
key in these analyses may be in detérmining relationships‘of real dollar
values an&riﬁtagéible aspects of a mining operation.

Macroeconomic analysis is all too often limited to conjecture.
Specifically; its role is to define two aspects of the system, maximization

of public welfare, and public choice. Mawimizing public welfare implies



that all of the smailer ecoﬁ f€ éubsyé£éﬁ§';%e close to, cor are ap-
proaching, an optimum level on their own. Public choice is the mecha-
nism by which the public devélbgé conStfaiﬁts’for each subsystem, and
analyzes the total system.

Microeconomic analysis coVefé the iéfge majority of engineering
beconomic‘studies. The classic relationships of supply, deménd, utility,
equity and efficien;y, as‘related to the private market ecenomy, are all
considered. These‘ralatidnships are developed in an analysis which
treats envirbnmental quality as a scarce good, which can be purchased.
For a scarce good, in an economic sense, the demand exceeds the supply
if the good is free (i.e., at zero price). Usually, the price which is
paid for clean air, clean water, and other environmental commodities is
considered as an indirectfwgéportunity'cost. .The price is not paid for
in real dollars but in benefits foregome to achieve quality, (Seneca and
Taussig, 1974). o |

For example, clean air may be achieved by foregoing the oppor-
tunity to drive. However, ciean air may also be obtained by paying
aﬁother direct cost, for air polluticn control mechanisms. The costs
paid for eﬁvironmgntal quality can be divided into two categories of
waste disposal costs. Some costs are for avoiding or preventing pol-
lution (smecg controls), others are for cleaming up poilution which has
alreadynéggﬁ:fed. This latter class can also be divided into existing
welfare damége costs and pollution damage avoidance costs. Aﬁxéxample '
of the fqrme; is physical‘daﬁage to buildings or plants, and of the
latter is gfforts taken to avoid contact with pollution, such as loca=-

ting where there is no pollution or taking trips to find clean air.



This relationship is shown‘fﬁ' éure l,’(Séﬁéga and Taussig, 1974). The
analysis of the actions of man and theirrreéglting costs and benefits
can become very involved, sinée many factors of environmental quality
are also indirectly influeneed;‘ it is in éénsidering these indirect
relations that the concepts of internalitiés and externalities arise.
The consideration of an individual mining operation, the traditional
realm of thebmining engineering economist, is né longer sufficient.

Too many of ihe rélationships 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. Aiaﬁg this ééth, the several spillover
areas can be identified. This approach 1s a specific examplé of the
total=system type of solution, which will be discussed in more detail in

a following section.

Considerations in Engineering

Engineering provides the techniques needed in mining and in envi-
ronmental‘pighhing and operation. The engineering approach is’é re~
finement of‘the scientific method, and a further refinement of ;he engi~
neering apgigach is the total-systems approach. Engineeriﬁg segks to

develop approximate solutions which are close enough for technologically
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practical purposes. Many éﬁslﬂééring!§?§si%§s have no exact sclution,
but present an array of alternative sdlutiﬁns; each with its own posi-
tive and negative aspects. Thése are znalyzed separately to determine
their efficiency and economy. Efficiégcy implies compatibility with the
appropriate laws of science, whilerecdﬁpmy‘iﬁplies a. maximum §utput for
a given input of value. |

The total-systems approach Waé developed to handle obvious, as well
as subtle, interaétionibetween the components of a problém which might
otherwise be lost in a traditional épproach; If a problem is so iné
volved as to defy solution in total, there may be a set of subproblems
which can be solved. If these sub-problems are solved, and their in-
terrelationéhips are considered, a composite of these can‘be used as
the solution to the main problem. The difficulties of such an approach
are that detailed division into subsystgms‘may lose the general problem
concept, and the time and effcfé of énéi&sis must be justified by the
specific problem. If the forest is lost in considering the individual
trees, the time and effort required to achieve a total solution expands
ai an eprnential rate. Dividing a problem one step further than is
absolutely neceséary can expand the analytic effort several times, as
observed in personal experience. Despite drawbacks, the total-systems
approach often serves as the basis for the comprehensive analysis of
extensive, cémplex, and interrelated prcjects, such as mine—environmental

ones.



A Systematic, Comprehensive, and,Inteidisciplinary Approach

The Naticnal Envirommental-Policy Aet of 1969 directs that "... a
systematic, interdiscipliﬁaryxapproa¢h~§hich will insure the in;egrated
use of ... sciences and ... arts in plagning and decision making'..."
should be incorporated into plansing prbcéSSés, (National Environmegtal
Policy Act, 1969). This can usualiy be aéhieved only through use of a
properly coordinatedrtotal—systems approach. in such a multi-disci-
plinary involvement; an open mind is necessary and preconceptions must
be identified and eliminated. Communications between participéting
discipliines ﬁuSt remain bpen. The adherence to a commonly accepted,
strict methodology and philosophy becomes important. This methodology
involves six phases: (1) formulation of the g;oblem; (2) identifica-
tion of sources and types of data for asseésﬁent; (3) asSembly'of dataj
(4) assessment of data; (S)AaﬁAinﬁérdiééiﬁiinary review and discussion;
and (6) generation 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 fofmulation of the problem and the adherence to a systematic
routine are thé heart of the proéess. Once the scope, depth, cowmponents,
paths and interactions are known, the routine leadé.to a solutdion.

This apgroathalSO identifies the disciplines, and hence the pe;sonnel,
which mﬁsg Se émployed.

Once the problem-solving team is formed, an interdisciplinary
- effort should identify the sources and typés of data and the techniques

to be used, Format requirements must be met for communication between
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disciplines, and all of thefggééégary ?axametérs and measures must be
identified. All conceivablévmajaf'areas $h0uld be covered at this
stage, so participants can rgcﬁgnize the ééptact areas in their investi?
gation. | . |

Once the proper teéhniqueé ﬁave béen sstablished, the assessment
of data should be routine. Too often, however, a solution mayrbe
forced to fit the data, or daté may be forced to fit the solution tech~
nique. It must be emphaéized that the appropriate formulation and iden-
tification of data types and analysis teéhniques is necessary 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 mear resolution. After a "cleanup" phase,
one final review should confirm that the solution is acceptaﬁle to
all parties. - |

Such an approach is- that which has been selected for use in opii-
mizing mine environmental planning. This problem will comsist of
three ﬁajor subsystems: (1) mine planning and operation; (2) environ-
mental planning and operations; and (3)‘regulatory»complianceq‘ The
real problem is to develop an optimum mine planning approach, since
the mining operation and the production ofvenvironmental quality are

not actudlly separable within this context.

Characteristics of Envircnmental Planning

This section is a general review, not a detailed compilation of



approaches to environmentalhegﬁtrol. Its pr§ose is to begin to fill in
the previcusly developed framework for the total-systems approach to
mine envirommental planning. AspeCts df ééﬁetal policy and practice
will be ideﬁtified. Discussion of air,vlaﬁd 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‘Poii;y Act, the Federai#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 what is to be included in planning processes at the federal
level. Such practices are also suggested, by the nature of NEPA as a
policy act, to 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.



The Federal Water Polit%igﬁ'Controi Abénof 1972 (FWPCA) is a
federal law and set of regulations which suggest state laws and regu-
lations. The Act enables'the ﬁ?A‘to adﬁiﬁiSfer'regulations which it
establishes. The goal is to achieve a Zérd—discharge of pollutants
into the nétion's waterways by 1985. Vérious 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 1t has its own 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 discharéé pefmi£Adr to withdraw the approval
of a specific state's authority at will. These last two provisioné
assure that state compliance will be more than token.

The Clean Air Act of 1970 (CAA) presents a third class of legis-
lation by explicitly 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 fqriﬁhe-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 dischérge air contami-

nants. A varisty of penalties are pressnted for non-compliance.



Again, the Administrator oééﬁ:éééfAéhas %ﬁéagower to revoke specific
permits and state plans, Additional power is added to the CAA, however,
through the provision that g'state plan whic£.is not approved méy be
revised and structured by the EPA‘h— thé.Administrator may directzthe
formation of state laws and regulationé if ﬁgey'are net acceétable.
A final point of the CAA is sxgnlficanJ.  T£e transient naturé;of air
is recognlzed. Slnce air does not divide itself at state lines, the
power is given for states to Jjoin intointerstate compacté to control
air quality. Such a step is important in thatvit’recognizesvthe uni-
versal nature of environmental affairs, and may serve as a guide to
- the development of policy and practicevin other areas as well. Table I
Ppresents a summary of the characteristiés of the three classes of acts.
Federal,agencies have developed policies and practices which are
consistent with NEPA. . They are develop1ng the ability to pursue com-
prehensive, 1nterd1501pllnary and systematlc approaches to the reso-
lution of six main requirements of NEPA: (J) describe the action,
(2) identify probable en&ironmental impacts, (3) identify adverse
effects which cénnot be avoided, (4) develop a set of alternmative
actions and the date to assess their impacts, (5) relate short-term
use to long-term productivity and (6) state the resources which may
be irreVerSibly or‘ifretrieVably committed. Hoperlly, thé federal
agen01es' p“actlces will continue to evolve in this fashion whloh
1ncozporétes>env1ronmental concern in the total planning ﬁroces;
State agencies fall into three categories: (1) well-established
: agéndies, which existed prior toc NEPA to meet the needs of 2z state and

not because of federal demand. The California Alr Quality Board is an



TABLE I: 'T‘HREE CLASSES o?FiE;QERAL ACTS

ARE

CLASS EXAMPLE REGULATIONS FOR  WHOM STATE
) » " ISSUED ? ? CONTROL ?
POLICY N.E.RA. YES FEDERAL AGENCIES NO
ENABLING FEW.R C. A | YES NATION | YES, WITH
SUGGESTED | STATES  APPROVED
LAW & REGS.
CESTABLISHING C.A.A. YES NATION & | REQUIRED, LAW |
STATE | musT BE

| APPROVED
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example, and these agencieg?gaﬁérally‘méééﬁﬁﬁPA criteria. (2) Newiy
created agencies, patternedlaf%éf, or established as a result of,
environmental-era legislation;?iThese §ré'§ften still in the process

of growth and expansion. Whiié compliance with NEPA én paper is simple,
time is required to become fuliy consistent with its and the state's

- goals. (3) A third category exists, that in which no agencyvis estab~
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 own envirormental policy. The
major cause is not a lack of technology, for which many place the‘blame,
but the lack of a proper incentive structure to propagate policy past
the federal and state government levels;

The government's task is ﬁo eétébliéh policy and practices while
industry's is to maximize wealth. While these two ultimately relate to
the same, classic ecochomic goal of maximum total welfare, government
subjectively strives for the most good for the most people, and industry
objectively ﬁorks at generally maximizing dollar profits. An obser=
'vation can be formally presented, then, that & company will only incur
those costs which are neceésary. Regardiess of ethics, the planner in
industry mﬂé% relate expenditures for environmental concern directly to
the éconﬁmic incentive of increased profits.

The ap?rcach of government policy-makers is to achieve incentive
by regulatibn. While the limited success of regulatory acts has aften

been attributed to a lack of time and technology, actually these could



be overcome if the incentive existed. iééﬁéfﬁment sponsorship of
research is useful, but the apﬁliﬁatibélbfjihese results belongs in
industry, which often chooses to ignofé'théﬁ because there is insuf~
ficient incentive.

The ultimate objective is to foster thé development of industry
environmental policy. Legislationralone seems futile in thié endeavor.
The key appears to be the development and propagation of approaches
by which the positive, indirect and external bemefits (Which can be
brought about by a properly conceived and coordinated program of 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
gaiﬁed, and that wealth is to be incregsed,/wﬁil concern for the envi-
ronment be included in its planning process.

Although this propagatioﬁ ﬁhfoﬁgh tﬁé industrial ievei will probably
occur, the realization of this at a personal and individual level seemns
unlikely. The ultimate succeés of environmental efforts depends on
the individual iﬁ'society, Consistent industry policies require that
-exist:i..‘ng éocial and external costs be shifted within the industry frame-
work. In a free-market system, these costs, once so internalized,
must shift to the consumer, a shift of economic scope, not of domain.
What the,a§9?33¢ private consumer usually does not realize is that'
while market costs are rising, they are merely shifting costs from
foregone begefité to a cash basis. Until government, industry? and
the cohcerned public can educate the consumers, the final realization of 

a true national envirommental policy will exist only as a goal.
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Environmental Impact Analysis

Policy is essentially reéognizing a problem and formulating a
method of solution. The attention of this section turns from bolicy to
actual methbds. The first to be considered is the analysis of environ-
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 unique-
ness of any situation dictates that the solution be unique. Various
approaches were developed which, when used in combination, offer tre-
mendous potential.

Four distinét methods for envirqhmental impact aséessment prevail,
(Warner and Preston, 19T4). These are: (1) checklist, (2) overlay,

(3) matrix and (4) network or system. Checklist, as shown in Figure 2,
is s popular'method, which incorpqrates a simple, linear train of
thought. A list of parameters. are covered, one at a time, and the inm-
pact is related to each parameter. In general, a checklist will fit any
project, but the results are not necessarily conclusive.

Overlay methods, as shoﬁn in Figure 3, provide graphic interpreta-
tion of impact on overlay maps. These give a good visual charscteri-
zation of concentrated sensitivities. Sophisticated approaches have
been develcped for computerizedvproduction of overlays. While the
results are dimensional and spatial, there is little quantification of

expectad impact.
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Matrix approaches, asigggﬁﬁ in Figﬁré‘ﬁ;’relate anticipated acti-
vities to environmental characteristics through cause-effect relationms.
These approaches display thg list of actiyities at one side of a matrix;
a iist of characteristics at the othe% gide, and provide many little
boxes‘which can be checked or in which c¢alculations can be pérformed.
However, little if anything is ever dome besides checking little boxes
of doing some sPecific calculation. Overall interpretation is still
‘limited and little quantification results.

S?stem modelling techniques are perhaps'the most effecfivé
approaches when properly conceived and developed. While most of these
develop avnetworkvmodel of the environmental system and its impacts,
only a few of the best methods then proceed to devélop an éxplicit
~quantitative assessment. .While expansion of a network into a model is
possible, the success of the model is dependent on the appropriateness
of formulation as an,operatioﬁs';ééééréh problem, If the time and
effort of an operations fesearch type investigation can be justified,
modeling approaches can satisfy the quantitative requirements of
environmental analysis.

No single meﬁhodology isvthe best. In a total-systems perspective,
it can be seen that a judicious composite of the four is perhaps.most

appropriate, (Warner and Preston, 1974),

Alr Quality Assessment and Management

Because of the variety of uses of air, a wide variety of disciplines

are used in air quality management. Although the atmosphere is constant-
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ly moving and mixing, fheréﬁﬁzéﬂﬁértain éaééé-which are recognized as
permanent and others as variable»constitﬁents of air. Thes appear in
Table II.

Occassionally aerosols,fgé§és and'vaﬁﬁ%é‘become present in air at
such high concentrations that %hey havézéﬁﬁé%se effects. ’Examples are:
~feduced,visibility, odors, or respiratoﬁﬁ distress. Ong of the major
problems in air quality is contaminafion dué to aerosols. Aerosols are
~particles suspended in the atmoéphere, such as dust, pollen, mists, or
bacteria. In additidn to directAreséiratory irritation,vsblid aerosols’
may have synergistic effects; enhancing the effect of other airvpbllu-
tants such as sulfur dioxide.

The next major concerns are the two types of smog. Sulfurcus smog
is a byproduct of smelting{iulfide ores or thgﬁcombustion of fossil fuels
containing sulfur. Its problems relate to the direct toxicféffects of
the gas sulfur dioxide‘(sog),iéﬁ& 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 other high-combus-
tion sources cperate, nitrogen is burned at high temperatures to form
, and still further oxi-

2

dizedvin surilight to form nitrous oxide and atomic oxygen., Atomic oxygen

nitrous oxide {(WO). NO is then oxidized to NO

combines With‘molecular oxygen to form ozone, and the energy loss passes
to an unburned hydrocarbon. Ozone reacts to form NO2 and 02 by reacting
with the nitrous oxide. The hydrocarbons compete for the free oxygen.

Although the process is complex, it 1s essentially a buildup of N02 and
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YABLE T
COMPOSITION OF CLEAN AIR NEAR SEA LEVEL

CONSTITUENT & FORMULA PERCENT (VOLUME)
NITROGEN Nop | 78.084

OXYGEN Op 20.946

ARGON Ar - 0.934

NEON = Ne | 0.0000182
HELIUM He 0.0000052
KRYPTON Kr ~ 0.00000!
HYDROGEN Ho 0.0000005
NITROUS OXIDE ~ 'N,0 ) 0.0000003
XENON Xe« 0.00000009

- VARIABLE GASES

CARBON DIOXIDE  COs 0.032
WATER VAPOR Hp0 -7
METHANE CHa 0.0000015
CARBON MONOXIDE CO 0.0000 00!
OZONE 05 ~ 0.00000002
AMMONIA NHs 0.00000001

NITROGEN DIOXIDE NO - 0.00000000!
| {(After Williamson, 1973)




ozone (03) at the expense df'ﬁé:i These tw0 é;ses form,slowly; and in.a
maturing smog the nitric oxiaés;are removed as secondary solid pollutants
while ozone does not persist in high,concéntrations in the atmosphere,

50 the seriousness is minimizéé;”

Photochemical - smog not déi&jfeduéés'&isiﬁility, it caﬁses physical
damage to materials, plants_and pecple due to a variety of extremely
irritating éompounds.. These are called PAN's after one of the cémpounds,
perozyacetyl nitrate. The intricate and involved nature of photochem=
ical émog has complicated its understanding, (Williamson, 1973).

Nationally, air quality is to be maintained through é system of
ambieﬁt air quality standards. Primary standards are established to
protect people, and secondafy ones to protect other factoré. In meet-~
"ing these standards, two Limits cah be reached: a maximum concgntration
of pollutant allowable at any specific ﬁime, and a dosageg of.maximum
cumualative exposuré over time.b éomémsﬁéﬁdards, correspondingly, aré
established for time intervals; Table III is a list of the nationai
ambient air quélity standards. As pfeviously mentioned, the responsi-
bility for achieving these is left to the states, pursuant to the Clean
Adr Act.

Monitoring the quality of‘air‘and air pollutant sources is impor-
tant to thebplanner. While equipment and techniques are involved, in

most ingtaﬁces,:for the reference methods which are accepted/by the

EPA, continous and automated instruments are available to complement
these technigues,
Contrel of air pollution is classified according to differences in

principles of operation. The general classes of air pollution control




TABLE Ili: AMBIENT AIR QUALITY STANDARDS

POLLUTANT. TIME STANDARDS
NAME . PERIOD PRIMARY  SECONDARY  REASON
| SULFUR OXIDES YEAR  8Cug/m3 ) — REDUCE CHRONIC DISEASES,
(S0p) 24-tr  365ug/mS 3 — ODOR, PLANT DAMAGE
3-hr —  300ug/m3 (3
| PARTICULATE YEAR 75ug/m3{(2) 60 ug m3 () IMPROVE VISIBILITY, REDUCE
MATTER 24-hr 2604/ 3P 150 ug/m3 ) SYNERGISM WITH SULFUR OXIDES
CARBON 8-hr  10mg/m3 (3. 1omg/m3 ) PREVENT BLOOD PROBLEMS
MONO XIDE i-he  40mg/m33 - 30mg/m3()

. , 3(3) 3(3) L., - " mkog
PHOTOCHEMICAL I=hr  BOug/m° ¥ ~160ug/m> ) ALLEVIATE PHOTOCHEMICAL SMOG
OXIDANTS
HYDROC ARBONS 3-hr  60ug/m> B 160 ug/m3 @ same

(6"9 Q.mo) .
NITROGEN YEAR  i00ug/ m> 1 100pg/m3 W) puBLIC HEALTH, AIR COLOR
DIOXIDE |
 NOTES:

1(1) ANNUAL ARITHMETIC MEAN (2)ANNUAL. GEOMETRIC MEAN
(3) NOT TO BE EXCEEDED MORE THAN ONE TIME PER YEAR

7€



equipment are filters, setﬁling égambers;riné;tial collectors, electro-
static precipitators, scrubberg, adsorbers énd chemical reactors. Most
commonly, no single device is-éufficient”éﬁd a combination of devices
is usually used.. The basiciproblgm~with all of these devices is that
ithey are merely "added on" inAan atteﬁpt to control the pollution al-
ready generéted by present processes. Successful planning for air
quality depends on managers ﬁhé are perscnally able to assess the indi-
vidualvcontrol devices, since manufacturers do not warrant or guarantee
these. The best control will cccur when managers are able to design
total systems that are ipherently pollution-free, that is, when compre;
hensive planning incorporates environmental conceri.

Many aspects of mining result in air ﬁollution {such as dust from
roads and truck exhaust). “The mine planner muét, therefore, be: aware of
airvquality constraints. He shpyld,knbw ghe fundamental parameters and
of the available control equipﬁent even théﬁgh mining is generallyinot

concerned with major air poliution problems.

Water Quality Assessment and Management

HWater is the one common essential for all known forms of life.
Water was generally accepted as abundant until the 1800's, when the
pressures of indﬁstrialization brought about the realizétion of its
scarcity.iESAQe 0of the earliest environmental legislation was té protect
water quality,

Science provides the theoretical basis for water quality management,

and engineering provides the practical, technological aspects. Imple-
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mentation of water quality ﬁ%ﬁ%géﬁént’ié %he Zynthesis and coordination
of the technical aspects with philosophicai; political and economic
concerns. |

Water quality standards relate.to seven generally recognized uses:
(1) watervsupply; (2) electrical power géﬁérétion, (3) recreation,

(4) irrigation, (5) navigation, (6) fish and wildlife propagation, and
(7 the uitimaﬁe disposal of wéste, Pollgtion of 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 those uses

to which it is being put. A biologist migﬁt look to a change in commun-
ity structure as,éh indication of contravened use, while anvengineer
might relate loss of use to loss of waéte disposal capacity.

Of the many parameters of water quality (fable 1V), there are only
‘three well-definable stand;;Es: (1 dissolvedm;xygen, (2) pH and (3)
temperature. All other measuréﬁéhts combine to form a gross perspective
of the capability of the stream. Effluent standards attempt to reiate
~absolute integrity to omne sﬁacific parameter. Those effluent standards
which are established tc relate overall stream quality to many parameters
are stream standards. ‘Ultimately, as the zero-~discharge goal is real-
izéd, there will be neo discussion as to which is the best kind of stan-
dard to follow. vCurrently, however, much attention is directed to stream
standards as they can be a legalibasis for circumventing effluent stan~-
" dards. |

Field and'monitoring techniques are divided according to two pur-
poses, eithgf,as identification of specific parameters or as an assess—

ment of total svstem quality. Specific parameters measured include



TABLE IV: WATER QUALITY MEASURES

ABBREVIATION NAME = DESCRIPTION
- TEMPERATURE =~ - =
- pH ~ HYDROGEN ION CONCENTRATION
- ALKALINITY  CARBONATE & BICARBONATE CONCENTRATION|
- ACIDITY . . CARBONATE REQUIRED TO NEUTRALIZE pH
- HARDNESS = CONCENTRATION OF DIVALENT CATIONS
D.o. DISSOLVED
| OXYGEN PERCENT OXYGEN CONTAINED
B.0.D.x IVE- DAY - | o
_“‘DS g:o?.osm&. OXYGEN THAT IS REQUIRED OVER A
OX YGEN 5-DAY PERIOD TO SUPPORT THE TOTAL
DEMAND METABOLIC SYSTEM PRESENT.
C.OD.  CHEMIGMT  OXYGEN REQUIRED TO COMPLETELY
- " DEMAND OXIDIZE ALL MATERIAL CONTAINED
- TRANSPARENCY  CLARITY WITH WHIGH LIGHT PASSES
— COLOR FIDELITY “
— TURBIDITY  CLOUDINESS
- TASTE |
- ODOR .
. soLiDs T
T.S. TOTAL SOLIDS LEFT ON EVAPORATION
s.S. SUSPENDED - FILTERABLE
D.S. ~ DISSOLVED  FASSING A FILTER
V.S. VOLATILE DRIVEN OFF BY HEAT

ALL COMBINATIONS, AS

(ToTAL) (VOLAT!LE ) TOTAL
{NON—-VOLATILE) SUSPENDED SOLIDS

DISSOLVED
- SPECIFIC
IONS ~  ANY DESIRED, PARTICULARLY
| MACRONUTRIENTS
MICRONUTRIENTS
TOXIC HEAVY METALS
» OTHER TOXIC COMPOUNDS
- BIOLOGICAL
STUDIES COLIFORMS
STREPTOCOCC!
VIRUSES

ALGAL CHLOROPHYLL
DIVERSITY— TOTAL

SPECIFIC COMMUNITIES




‘those in Table IV. The details Ef these measurements are contained

in Standard Methods for tﬁevéiémination;of Wa;er and Waste Water,
(American Public Health Assacgation,‘197l}.

Biological assessment, aticné'timé béééd on thg concept of there
being one indicator species which repre*seﬁted the total biological
integrity of the system, is now direﬁted to a variety.of measurenents,
&hich relate to thg total system. Simply stated, the sensitivity and
‘integrity of a system relate to the numberbof épecies present, and to
the number of members preseﬁt in‘each.species. Large numbers of many
species imply a‘strong structure, while the opposite a fragile struc-
ture, (Cairns and Dickson, 1971). Such relationships are measures of
diversity.

The planner strives to achieve a maximumﬂstimilatién of a dis-
charge by a stream without altering itsbdiversity. Five biologic com=-
munities are present in water: ‘piéﬁktoﬁ;;ﬁeriphyton, 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-
nological ccnstrainté which usually precliude this. Design procedures,
then, attempt to minimize contamination by abatement and treatment.

Abatement reduces the level of contamination by the maximum use
of water and by limiting the exposure of water to contamination. In si-
tuations Wﬁéfe abatement is not practical, treatment may be phyéical,
chemical or biological. These processes are familiar to sanitary‘and
chemical engineers.

Physical processes include direct separation or gravimetric



separation. Chemical processe

~dition of reagents or chemiéal~féﬁﬁbtiéﬁvpribftto physical or biologi-
cal treatment. Biological procéssés utii;ﬁéyﬁhe physical and chemical
processes of nature to break dc&ﬁﬁthé,wés2é.in%b more inoccuous, or
more séparable components.

The ultimate approach tolﬁaiet planning and management has been
implied throughout this seétion. Abatement or prevéntion througﬁ'inhe”-
ent procéss design is paramount. As treatment may be necessary, the
planner'should bear in mind the fundamental goals, standar&sband cri-

teria in incorporating a comprehensive, total-systems approach.

Land Quality Assessment and Management

While land quality muﬁf”necessarily bé cofisidered coequally with
air and water, it is complicata&uby the different nature of land.
Certain land use planning aspects are inhefént in air and water manage-
ment, and vicé versa. Land is fixed in quantity and not mobile, it is
a scarce resource, and due to its fixed nature may have a limited quan-
titﬁ ofvéther resourceé aﬁailable in its vicinity (such as ﬁater, power,
ete.).  Land is, however, 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 fashionm.

- Optimization, however, is a technique or process to follow with the
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three previous concepts serving A4s constréints; and is neither so simgle
nor so easily‘definable.

A simple classification of land uses is proposed in Table V.
Land use planning considers the ability of land to support a given use,
combined more subjectively with the desirébility of that’use.r The
constraints include both physical phenomena‘and social concepts, making
a purely objective criterion nearly impossible. 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 Planning and Operations

Many problems have been reviewed which inevitably relate either
to an inappropriateness of thevincentive meéhanisms ov to the short-
sightedness 6f 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 pcllution, but falls short of
the goal of maximum social welfare, (Seneca and Taussig, 1974).

The inflﬁence of the public and government, contrary to its
basic desires, actually fosters managerial shortsightednéss.' In an-
swering to stockholders, the corporate manager is genmerally restricted
sheerly to compliance with regulation, since currént methods of account-

ing and analysis do mot reflect the subtly positive, external benefits



TABLE V: A TYPOLOGY OF LAND USES

TYPE

WILDERNESS

LIMITED AGRICULTURE

DEVELOPED AGRICULTURE

LIGHT DEVELOPMENT

EXTENSIVE DEVELOPMENT

'DESCRIPTION

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

GRAZING ‘AND FORAGE FOR DOMESTIC AMMALS,'Noﬁrmiiwb:”f |
CROPS, NO SIGNIFICANT CONSTRUCTION, INCLUDES ARY
DEGREE OF RECREATION FOR WHICH DEVELOPMENT IS LIMITED

CULTIVATION, BARNS AND HOUSES, MORE-DEVELOPED RECREATION| =~

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

APARTMENTS, SKYSCRAPERS, HEAVY COMMERCIAL AND INDUSTRY

TRANSPORTATION SYSTEMS

MINING IS IN THIS CATEGORY




qf environmental contrel. 'i% thé~managEfuéo§§d restructure to achieve
these and defend his balance sheet, the publit‘wouldlbe faced with

cash costs which it now ignoreééu,With noig§m§ensation from the govern-
ment, with an‘uninforme& consuﬁéf‘group, théiébnseqﬁences of ﬁigher
than competitor's prices»would be a disaster %br the company.

Thé planner‘mustisatisfy the government, the public, and his com-
pany siﬁultaneously. All thfee sectors share a vital concern for the
future of our natﬁral 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 undérstanding should
include aﬁ awareness by the public and government to the economic needs
of industry.

Companies mus% realize .that external, non-cash costs can produce
external, non-cash returns., While real money is spent today, the
long;term-fesulté of environmeﬁial cdncerh:will be in real Eggﬁigg
tomorrow. Compfehensive planning shoulid yield greater returns than the
meie éompliance‘with regulations éould be hoped to yield. These returns
will be realized‘when industry's desire to optimize social welfare is
earnest and proven to society. Society must then in turn recognize
its own reséonsibilities in thg optimizatiocn of social wélfare. It is
only in working thether that the government, the public, and industry

can eliminate pollution and reach this goal.



A REVIEW OF MINING AND ENVIRCNMENTAL PRACTICES

For thousands of years man has dug into the crust of the earth for
the raw matérials to support himself. Centrgl to his exploitation has
been the technology of mining. Influenced by many factors, mining en-
ginéering must employ'efficient techniques for developing and utilizing
the opening through which resources can be extracted. Four mining
phases will be considered: planning, development, operation and clo-
sure. These phases overlap in actual p;actice but represent the sequen-

tial aspects of mining engineering.

The.Ming Planning Phaée

Mining'has been described’é;evibﬁsij 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. Once the various relationshipé
are known, a combination of technologies can be selected to form a
workable miﬁing plan. To échieve this awareness énd to deveio? the
plan, thrae»é#gineering steps érevfollowed: examihation, design, and
evaluation.

Mine ekamination defines the nature of the deposit. An history

and literature survey is conducted to ascertain ownership rights, identify
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he operating Eistory of the property and

legal constraints, understﬁ%df‘
its neighbors and review approaches to simiiét mining situationsf

Such office work is then finalized thrduéhbvisits to the mine site to
verify the results and to aﬁgﬁéﬁt ﬁhembéﬁgdﬁéh first~hand experience.

A positive decision may require further exploration and delineation.
The success of the mine will depend upon the quantity and guality of the
resource availéble. Size, shape and spatial relationships must be under-
stood. Geo-scientific studies, exploratory drilling, and sampling will
provide much of the necessary information.

Geological and geophysical studies 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, manywﬁisseminated and massive metallic orebodies
can be detected only be geochemical or geophysical indications.

Drilling programs are corfelétédﬂﬁitﬁﬁthe type of deposit (Figure 3)
being investigated. Continuous or horizontal deposits may reéuire few
holes to define. Vein deposits aré generally explored by down-dip
holes? to determine extent; and piercing holes, to determine grade at
various locatibns. Méséive or disseminated deposits require extensive
driliing‘progréms, both to determine the shape and to determine the
grade (Figure 6).

Altefﬁqtivg approacheS'can be taken tb calculate the valug‘qf ore
reservesiiﬁrplace. The specific methods depend on scope of the project
and resources available, and involve extensive calculations by hand or
by comput@rg. Ore grades are inferred through statistical analysis of

assay values. Areas of interest are identified on geologic sections of
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the orebédy. These areas may Eé;iéid ouﬁjéééérding to many geometrical
schemes, as indicated by the type of depdéit being examined. Theée
-schemes range frbm siﬁple rectaggglar'gridworks to complex éurve-

and surféce—fitting relatioﬂshipé?exprésSéﬂ %hrough a sophisticated
épprbach known as geostatistical énalysiék‘

Since ore deposits are three dimensibnal, areas of interest are
multiplied by the thickness of influence to determine a volume of
iﬁterest. The thickness‘of influence is‘genérally the distance between
the geologic sections being investigated. Variation between geologic
sections méy be assumed to be linear, or may be expressed in a variety
of non-linear fashions. Having determined volumes of influence, tom-
nage can then be calculated frdm the unit weights of the ore and'gangue
(associated waste). A weighted avarége grade can be caléulated’and
adjusted to reflect unavoidable losses in mining and inadvertent iﬁclﬂ-
sion of waste material in the éinihg pf&ééés.

From such a resource estimate, the actual ore reserves can be
eétimated. Ore implies that a mineral resource, which has value, can
be extracted and sold at a profit. Experts genérally classify ore as
prcveﬁ; probable and possible. A definition of these classes of ore

reserves has been at least partially aécepted. This is:
Reserves — Mineralized material in an identified
dgposit which may be shown by exploration to con-
‘tain ore under certain economic conditions. Reserves
‘may be described as proven, probable or pessible,
depending upon the degree to which dimensions,

~ grade, metallurgical characteristics, and continuity
have been established by sampling. When used in

context with ore deposits, the terms "ore reserves'
and 'reserves" are synonymous.

Proven Ore — An ore reserve sc extensively sampled



that the tonnage, grad geome%%yraiﬁ recover-

ability of the ore within the block or blocks of

ground under consideratibn can be computed with

sufficient accuracy so that the uncértainties

involved would not be & factor in determining

the positive feasibility of a mining operation.

‘Probable Ore — An ore reserve for which suf-

ficient continuity of dimensions$ and grade can

be assumed for preliminary financial planning,

but for which the risk of failure in continuity

is greater than for proven ore.

Possible Reserves — Mineralized material of

which the dimensions and grade 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. 753)
The establishment of a reserve'base, tonnage and grade, and estimates
-of the mining and milling costs and market conditions may be used to
establish an economic basis for selection of a mining method.
The design of a mining method has several distinct objectives.

A production rate must be maintained, at a given purity and perhaps a
- given fragment size. The operation must be safe, economical and offer
conservation (by recovering a high quantity cf the material in place).
Several subsystems must be designed within these guidelines: ground
control, materials handling, excavation, auxiiiary and plant functions,
and concern for public trust. Traditiomally, the combination of ground
control, exgaVQtion and materials handling defines the mining method.
The synthesis of the mining method with the other subsystems forms the
mining system.

Excavation includes the unit operations which actually separate

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



Materials handling covers uﬁié.gggratioﬁs Wﬁiéh carry the material from
the face to the final loadingyﬁdint. A combination of the two is gemer-—
élly considered to be the focallgéint ofvmiﬁing design. The system is
constrained by the geometry of édvance; which~is the size and shape of
the production blasting round. This advance geometry is further con-
strained by ground control and also requires a logical physical division
of the mine into working zones.. The system is déveloped 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 éroductian rate to maintain that value relationship. Underground
mining methods are explicitly limited to various geometry/strength
relationShips as summarized in Table VI. Some of the typical costs of
various mining methods are summarized in féble 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 its
natural failure as an excavation technique. These wil} 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 VI: MINING METHODS AND THEIR APPLICATIONS
| STRENGTH OF ORE AND COUNTRY ROCK
TYPE OF DEPOSIT STRONG MODERATE WEAK
VEIN
FLAT, THIN OR OPEN OPEN STOPING ROOM AND— > LONGWALL
THICK |  STOPING WITH RANDOM  PILLAR
PILLARS |
Di PPING, THIN TO : ,
 MODERATE | SHRINKAGE  SHRINK CUT AND ' > TIMBERED:
AND FiLL FILL -+ ' STOPING
"TOP SLICING|
THICK SUBLEVEL L SUBLEVEL
STOPING - » CAVING
Y ' l
| . v TIMBERED
, | B o+ : -STOPING
| MASSIVE, IRREGULAR, OR | | e BLOCK CAVING
. DISSEMINATED | ! - i

05"
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TABLE VII: COSTS OF VARIOUS MINING METHODS

METHOD

COST PER TON, §

| SURFACE MINING

OPEN STOPING

ROOM & PILLAR

CUT & FILL
SHRINKAGE
SUBLEVEL STOPING

TIMBERED STOPING

TOP SLICING

SUBLEVEL CAVING

BLOCK CAVING

TONNAGE PER

MAN-SHIFT
0.30— 3.00 250 - 500
2.00— 4.00 0- 30
2.50—' 7.50 5- 20
5.00— 25.00 10— 320
3.00—- 12.00 15~ 40
2.00- 8.00 15~ 40
10,00~ 50.00 10- 20
7.50-20.00 10~ 20
5,00~ 15.00 15~ 30
12.00- 3.00

20- 80




other wvalue, they are viewed s?;;éépreciéiiﬁé'base. A method of
mining is preferred which willtyield a maximum of unit ore values at

a minimum capital cost. Other fixed costs must be included to cover
pre-~production excavation,.working‘capital,banﬁ,miscellaneous invest=-
ments in securing water, powér; #imber, la$or and the living community
or townsite, if necessary. e |

Tabie VIII presents the general unit cost structure of mining
which may be highly variable. E#plicit information is availéble from
manufacturers and in the literaturé. Actual operating costs in mining
involve economies of scale, so a range of plant and mine sites should
be considered to optimize unit cost. In general, higher production
rates resulf in lower unit costs,‘bﬁt require greater capital invest-
ment. Several levels of degﬁidpment, plant size and production may
result in an equal total return on investment over time, so there may be
several acceptable alternatives;v

A corresponding range of involvement‘exists in the marketing of
mineral commodities. Base metal markets are steady to generally rising
while scafce éommodities, such as silver and cbpper, exhibit fluctuating
markets. The mine‘pianner must considef these and determine which
development alternative works best with his market.

Total evaluation requires the estimation of a2 series of costs and
profits forA geriods in the mine’s life. Traditionally, the ultimate
valuation of é.mine is determined as a net present value accordiﬁg to
two interest rates. One raté is the return desired by the company and
the second is a "safe" rate which would always be available for the

redemption of capital. These practices are almost a century old, and
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TABLE Viil: UNIT COST STRUCTURES (N MINING ENGINEERING

DIR Ec.'t’ COSTS

INDIRECT COSTS

FIXED VARIABLE FIXED VARIABLE
CAPITAL PRODUCTION TAXES = INSURANCE
DEPRECIATION LABOR TOWNSITE PAYROLL
TAXES
AMORTIZATION SUPPLIES UTILITIES SUPERVISION
MAINTENANCE CLERICAL
DEVELOPMENT ENGINEERING
LABOR
SUPPLIES
MAINTENANCE
CAPITAL

DEPLETION




with the advent of computers; ﬁéﬁ? mining ccmpanies have chosen to use
new engineering economic methods for evélgaéion. Presently, discounted
cash flow is widely used, althqugh‘het present value, net future value,
and equivalent annual cost arereqﬁélly acceprable approaches.

The mine planning phase is often conducted through several iter-
ationé. Preliminary analyses lead to several 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 Develcpment and Operation

After planning, a certain amcunt of excavation, or develogmggg
work, is generally requiredubefore the deposit”Eén be tapped. Once the
deposit is reached, the work of extractien is termed producticn. Since
every mining method has unique development requirements, a concurrent
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 vs. hard-rock and deposit geometries.

One feature common to any mining methced is access. In surface
mining, this is by road.. In underground mining, access may be by
near-vertical entry (shaft), inciined entry (incline or slope), or

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



location and depth.

Development after the main access may consist of driving hori-
zontal openings parallel tof;hg;3£rike'of the deposit, which may be
termed drifts in hard-rock mining;and dther'flat entries, at right
angles to the strike, which are tefmed crosscuts. Vertical openings,
if driven downward from the surféée, are:éhéfts, or if driven down from
undérground are called winzes, or if driven upward from underground are
called raises. A pléce 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 stopeé (hard-rock) or into sub-mains, panels
and rooms (coal), proceeds from the framework of drifts, crosscuts,
raises and winzes, All such development must proceed in a systematic
order, to assure that entriés'are developed early enough to allew pro-

duction areas to function.

Surface Coal Mining

Thé surface mining of coal is commonly referred to as strip mining,
since the material covering the coal, or thekoverburden, is removed in
strips to‘preﬁaré the coal for removal. The differences between strip
mining methods are in the overburden handling, since the practices of
coal handling‘ére quite similar. The methods are area miniﬁg and‘con~
tour mininé} éepénding on the tapography.

Area mining predominates in the Interior Coal Province (Illinois,
Indiana, Iowa, Kansas, Oklahoma) and the Far West, (Grim and Hill, 1974).

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



expose the coal seam. Thislgdé\QSually ég;eﬁés to the limits of the
property. As the overburden‘ié removed, it i3 placed on adjacent
unmined land. As the coal is femoved from tﬁé bottom cf the first cut,
a second cut is started immediately adjacent and parallel to the first
cut. Overburden removed in this second cut is placed in that pertion
qf the first cut from which the coél 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 finél 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 ‘from stfipping resemble a giant washboard or the ridges
of a plowed field. Reclamation concurrent with mining, being environ-~
metnally preferable, includes the grading and ﬁlanting of the spoil.
The phases of reclamation~concﬁﬁraﬁt aréa mining are depicted in Figure 7.
Area mining, if limited by capital restrictiomns, 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 gquite attractive to a giant
coal company.

Contour mining (Figure 8) is practiced where the limitations are
- not those of cwnership boundaries, but are those of economics related
to topograchy. Mining is typically on hillsides, where the incréasing
depth of overburden as the seam is worked into the hillside restricts
the operation, but the mining may proceed arcund the hillside, at a

fixed stripping ratio, and along a given elevation or contour line. This
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;395.:

-mining has provided the naméZSfiaééntour miaiﬁé' to any operation which
takes place in steep (>129) terr41n ‘and in which the otrlpplng ratio
varies as the phy31cal or economic llmlf of machinery are exceeded

A range of methods are encoﬁdtéted 1nclﬁ;15g outslope disposal, ocut-
slope reduction, box-cut, haulﬁack ~block~cut, modified area, mountain
top removal and longwall 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 scarcely précticed today due te its environmental conse-
quences. Waste material is simplj pushed over the edge of the working
bench. A logical progression of mining méthods has developed from this
seemingly unconcerned approach.

Slope reduction and box-cut (Figures 9 and.l1(G) were developed to
provide more control in the plauement of sp01l While they do provide
this, they still have the common drawback that spoil disposal is atlll
outside of the working bench. Further developments were necessary to
realize environmental protection.

One such concept was the head-=of-hollow or valley fill for spoil
disposal. Figure 11 depicts this., The method is a logical, controllable
alternative to outslope disposal. Although disposal is technically
downslope and outsidé the solid bench, a specific, controlled situation
developed.

Once the Hea&-of-hollow fill method had been developed, the tech=-
niques of block-cut, haulback, modified area, and mountain top removal
mining could be developed. These methods are depicted im Figures 13-16.

They all represent applications of selective replacement cf spoil, and



DIVERSION DITCH

HAUL ROCAD

So’ "-

d
T > Q;zﬂ;”‘
&

1 O\
| “OUTCROP )
BARRIER” RO 3N\ QUTSLOPE
ORIGINAL SLOPE '—-@Q
Q)
| TOE OF FILL AT N2
| FlURE 9t PARALLEL Py MeTHoD _ no-t OF REPOSE-

—

N > g. o :".v )
e o, o, .
SRR TR

R0 SRl A
AR RS T e

< £
XA

,‘wq,f‘* k
¢ VA YUN
SRR T AN

"""é,‘ AR yim y
R

FIGURE 10; BOX-CUT METHOD




61

FILL. dumped from top & edge of bench

segregation
promoting siitation &
acid formation

FIGURE 1l: IMPROPER VALLEY FILL

TOPSCIL

Di VERS!O)‘N

il ALL i.' = ' layered & compacted

' ‘/;'?;’f/fffff/f it a’fff,fﬁ' inyiifts, fmm,‘;cmm
T e

Pa \S’%\‘-"‘\ QeSS R0CK~FILLED (FRENCH) DRAIN

FIGURE Q..z VALLEY FiLL



cut |cut |cut | cuT |euT jcur cuT
7 | 6 5 4 | 3 |2 !
e e e ds e ey

—— OUTCROP BARRIER—
DOWNHILL

FIRST CUT IS BOX-CUT, SPOIL TO VALLEY FILL.

REMAINING CUTS SUCCESSIVELY 80X~-CUT, SPOIL
TO PRECEDING CUTS.

FIGURE [3: BLOCK-CUT. METHOD -
cutlcuticur|  cuT CUT {CUT | CUT
6 4 2 1 3 5 7

(A TWO-DIRECTION BLOCK-CUT)

CCUT 1IS TYPICALLY AT THICKEST OVERBURDEN

FIGURE 4: HAULBACK METHQD




SPOIL ungraded”
graded —

BARRIER

Lovered & Compacted ‘
Clean Rock Fill ¢ S R

“TOXIC MATERIAL

FIGURE i8: TOXiC MATERIAL BACKFILL




e

restoration to thg approxima£;:5£iginal‘565&64% in a variety of topo-
graphies.

Longwall stripping, actually"gndergfbhﬁd mining from the surface,
is the latest approach to be pfcpbged; Whilé experimental, actual in-
stallation of a longwall stripping 0perationfis underway. First cuts
are established at both edges of the property and spoil is placed in
a head-~of-hollow f£ill. Using these cuts as access, a longwall mining

system is installed and operated through the hilltop, (Grim and Hill,

1974).

Underground Coal Mining

Underground coal mining, since it is by far in thiﬁ (less than
S5-meter) and relatively flég:beds, is predomingﬁtly done by room and
pillar mining or by longwall or shortwall methods. Such layouts, in
addition to meeting the geometry of the depesit énd the ground control
considerations, provide critical ventilation control to handle both
methane and ccal dust.

Laws affeét the pattern of access in coal mining. Barrier pillars
are required around shafts. Entries must be dfiven in at least pairs,
and must be interconnected at definite intervals. For this reasomn, plan
view of coal mines often resemble gridworks or checkerboards. From the
main entry, rooms are driven several hundred meters deep and 10 to 20
meters wide.

In advance mining, rooms are driven and all the coal is extracted

as the room and entries are developed. In retreat mining, panel entries



are driven from the main ent;ieéjvand rqoﬁé aée driven from the end of
the panel back toward the mainé;

The actual unit opefatiOné'maY be;élaésified as convenfional, con~
tinuous or longwall mining. Infconventiﬁﬁa; ﬁining, undercutting,
drilling, blasting and coal-ldéding arefééffiéd out by separate machines.,
In continuous mining, one continucus miner replaces the cutting, dril-
ling, blasting and loading operations of’the conventional mining>system.
Longwall mining originatéd as a caving system, but today refers to
systems where the coal is plowed or sheared from a long (100 m and up)
face. As thevface is advanced, the back is allowed to cave, except
for a small region necessary for the working face, which is su@ported
by self-advancing hydraulic props. Figﬁrés 17 and 18 depict typical
underground coal mining approaches. Shortwall-mining, a new mining
method, is essentially a longwall approach with the shearer or plow
replaced by abcontinuous mining machine. if continuous conveyiﬁﬂ
equipment is placed behind the miner in a shortwall, it is then some-

times referred to as a bridgewall, (Cummens and Given, 1973).

Surface Non-Cozl Mining

Non=coal éurface mining may be either placer mining or open-pit
mining. Placer mining is applied to alluvial deposits; ' These deposits
'are'generélly mined by dredging or hydraulicking,‘but the applicétions
are limited in the United States. Placer mining may have severe effects
on the en?ironment, and since it may become important in ocean-mining,

these can become important considerations in the future.
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Open pit mining is typi§§£§ §y the giéﬁfvéeposits of copper and
molybdenum in the Westerm U. S;}20§er 962”of,the U. S. metal produc-—
tion in 1972 came from open pitfminés,'(Cqﬁﬁgnsvand Given, 1973).
Distingtions in this appfoach‘étéiﬁade éééotéiﬁg to the equipment and
procedures used for overburdeﬁiféﬁbVal aﬁdfiﬁ Ehe production and
haulage units. Specifically; it is descriﬁéd By waste haulage method,
ore haulage method, aﬁd ofe and waste loading methods.

Many sophistiééted operations research techniques have been ap-
plied to optimize open-pit mining. As available ores decrease in grade,
large—séale open pit mining wilirbecome essential. Proper planning will
be important if such efforts are to succeed. |

Open pit mining operations may have extreme proBlems as far as
land use is concerned. The Bingham Canyon mine in Utah has been in
ope:ation since the turn of the century and will likgly be in operation
for 100 years or more. Land masses.committed to one use for such a
period of time are difficult to recommit te other purposes. These

preblems will be discussed in the next chapter.

Voderground Nop-Coal Mining

Underground non-<coal mining presents many development schemes to
fit a variety of geometries and ground contrel conditious, as shown in
Table VI. JTﬁése, és previously mentioned, £all into roughly ﬁhrée
categories, open, supported and caving methods.

In open breast stoping. or open room and pillar (Figure 19), ad-

vance is horizental, and pillars ars left either at random or according
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to a less sporadic plan. Iﬁ‘tﬁiék operations; faces may be advanced in
several levels, through the prbcess of beuching.

Open underhand and overhand stopiﬁg;:ﬁnderground glory hole, and
resuing, though shown in the table, are.specialized techniques and will
not be considered here,

Cut and £ill (Figure 20) 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 timbef 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-to-achieve production. These bulk methods
include sublevel caving and block and panel caving, and perhaps large~
scale sublevel stoping. For tﬁese, a system of drifts and 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 by being caved in tetal, 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 method or as an open method. It utilizes broken ore for sup-
port while men are wnrking 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, large, low grade orebodies are worked by large, bulk systems,
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while small, high grade orebd&iéSiean béfﬁofkéﬁ by small-scale, more
selective systems. Further deﬁéils'regérdi@g_all of these methods are

available in the literature,r(Cﬁmﬁgns aﬂé'éivéﬁ, 1973; Peele, 1941).

Mine Closure and,Reglamation

Mine closure refers to removing and séivaging 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
duringlmining. Since closufe is. actually preparation for reclamation;
these processes should be discussed together. Proper measures of reha-
bilitation and reclamation can greatly enhance the future potential of
the land as well as increase its monetary value. Without such minimal
considerations, the land ma&ﬁgnd up in a poor éﬁd‘even worthless con-
ditiomn.

In surfaCe coal mining, acid mine drainagevand siltation must‘be
controlled, erosion must be checked, and the topography must be re-
storéd to a useful status. Backfilling and grading, in most instances,
can provide the isclation of drainage~toxic material and topographi?
cal restoration. Rapid and adequate revegetation is the most important
factor for controlling of siltation andverosion, and all of these steps
must be carrigd out in conjunction with a'capable and responsible overall
mining approaé@, (Grim and Hill, 1974; Skelly and Loy, 1973).

Deep coai mines may cause little surface disruption, although long~
term subsidence is discussed in the next chapter. Grading and backfil-

ling is limited. The major concern in underground mining is the control
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of drainage. Traditional apéggééﬁes are ﬁrégéﬁent, as outlined in

the contrel technology section. ' :eatmént syétems may require perpetual
care, however, so manY’studies‘of novel treatmgnt techniques and perhaps
complete mine sealing, with rubbef and pléstic‘sealing agents, have
been suggested, (Skelly and Léy, 1973).

Soft-rock surface mines are often similaf‘to,coal mines, while
hard~rock minesidiffer significantly. Surfaée deposits of‘hard—rock
minefals have various relationships of.quantity of overburden removed
to quantity of ore removed. Moreover, non-ccal mines are less amenable
to replacement of overbufden than coal mines. At closure, practice
is generally to reduce slopeg, if feasible, fence the area, and let it
be. Usually if water is present these piﬁs will £i11 up. The lakes
so formed may be useful fogtrecreation, b&t th%ir depth and temperature
are often unfavorable. The magnitude radically increases when the giant
open.pits are considered. Little, if aﬁy;ﬁreclamation of Bingham
Canyon could be conceived of by the average mining epgineer, One of
the major problems of the industry, then, is what to deo with these giant
operations when they are compieted. This will be discussed'in the‘next‘
chapter,

Some similarities exist between underground nonmcoal and under-

- ground coal mines. As with éurface.metal mines, however, large quan-
tities of miqing.waste and mill tailing may be left at mine closure,
Today, mine planners are experimenting with the establishment of cover
crops on mine waste, but there is little existing reclamation tech-
nology. The state of the art in reglamation of underground metal mines

and  their waste and tailing dumps is very limited.
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Problems of Mine Planning and ﬁanagement

Mining is broad in scoperéﬁd deep iﬁ field. It is also uncertain
and involves many risks. The mining pracﬁiCE‘is therefore far more
empirical, traditional and intuitive than'moét 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, ahd approacﬁ, 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 process.



QUALITATIVE AND SUBJECTIVE GPTIMIZATION

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 minihg process. Add-on treatment in pollution
contrbl 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 conse&ﬁéﬁce. The hiQtoricélly,narrow and shallow
perspective of the profession has limited the industry's capabilities
to achieve this goal. Industry has tried to congquer and subdue nature
rather than cooperate with it.

Engineérs, however, need to be able to distinguish between emo~
‘tional viewpoints and engineering feasibility. Since mining combines
various engineering disciplines with a definite operating philosophy,
the solution of mine-environmental problems requires that»these two
areas be clearly laid out. This chapter will stress one of these, the
development of définitive philosophy to link the hard-core engineering
aspects of mining practice to the qualitative aﬁd subjective goals of
environmentai concern, The next chapter will describe a‘quantitative,

objective approach to this problem.
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The several direct, advéfééiéfféctsibffﬁfning were noted pre-
viously. These deal mainly wiﬁh“ﬁhe qUaligﬁ:of water, land and so-
ciety. It is possible to deliﬁeate the gééérél types of impact in
each of these areas, to propb&é goals aﬂé:tﬁéﬁ to develop general ap-
proaches for achieving these. ;Indirect,adGetSe impacts of mining can
also be delineated. Thése are pervasive, suﬁtle and difficult te handle
in a typically engineering fashion. While comnceptual goals can be
developed for these, the total solution deﬁends on including such con-
'flicts in an economic analjsis of the mining industry. Such a problem
is‘one of the more classic analyses of environmental economics: the
achievement of maximum social welfare, Resolution of this economic
problem provides guideliﬁes to the devélopment of goverﬁment and indus-
try-wide philosophies‘whi;hwgpnsider direct and indirect effects.

Pollution has been defined by some as a resource out of plaCé.
One new approach to analyzing ﬁﬁe relations of pollution, which is
presenﬁed in this chapter and the next, is that a three-component re-
lationship produces environmmental affects. The three parts are (1) the
zégggggga-a basic characteristic of the enviromment, (2) the actiom of
man which\hoves that resource from its normal place, and (3) a recegtor
of the impact, a person, place or thing which realizes a valuercf loss
from the resource relocation. The overall efforts of environmental
control should be directed to assuring that resources are moved to the
least offensive position possible. The use of the unique three-compo~
nent relatiohship is helpful in pointing out that man can only alter
aationsf man neither can remove the resourcas from nature nor elimi-

nate the receptors, he can merely revise and alter the actions which



relocate rescurces.
Any solution must be reasohably acceptaﬁlg te both sides of the con-
flict, i.e., to the industry and to the envircomentalist. The antici-~

pated result should be a blend ¢f mining engineéring and. the environ-

mental and social sciences, to produce a true "marriage" of these fields.

Direct Adverse Effects of Mining

Many'of these effects are local, such as 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-
cérned with unit operations common  to cther industries.v They are also
point—éource discharges, as'théy'occur at oﬁe physical location, and can
be controlled at that locati&g. While their sol&tion is required; the
actual relation to the total‘miﬁééenviroﬁﬁéﬁt system is minor compared
to the scale and degree of the larger problems of the deterioration of
land and water.

vSiﬁ_major‘categories of impact can be identified. Three relate to
water quality: (1) mine drainmage, (2) siltaticn and erosion, and (3)

- thermal discharge. Three problems relate to land quality: (l) total

area involved by mining operations, (2) geographic indifference of

mining, and (3) the degree of land invelvement by mining activity. Mora
generally, it‘can be seen that these effects occur because ﬁining (a;tion)'
disturbs a particuiar set of physical, chemical and bielogical condi-
tions (resocurces), and the manifestation of this is found in the water

and on the land surface (receptors). Since the degree of disruption



varies with the mining methdééﬁé;;d, (surféééﬂvs. underground, large-
scale vs. smail;scale), the soluﬁibns muéf‘élso vary from method to
method. To. identify the actid%s involved, those which‘éan be altered
to alleviate such diréct, adverse effects;:éach of the areas will be
reviewed. General andrsubj6ctive guideiinesffor alleviating impacts
in each area will be presented:in'this chaptéf,.while gquentitative,

engineering optimization will be presented in the next.

 Water Quality Relationships

‘Mine drainage is often referred to as acid mine drainage, or AMD
for short. The "acid" name is applied since highly acidic céal mine
drainage is the most c0mmpniproblém, though mine drainage may also be
basic and contain other ions. In coal afeas,,the iron sulfides pyrite
and marcasite are associated With’virtually all deposits. These minerals
are also prominent around the major source of metallic sulfide ores.

- Pyrite and marcasite, often referred to collectively a "pyrites?"

have the same formula, FeS differing only in crystal structure. When

o2
 pyrites .are chemically and biologically oxidized in the presence of air
and water, they react to form sulfuric acid and various ferric precipi-
tétes. Several reactions occur in the phenomenon. The ratée controlling

step of the reaction series proceeds very slowly at a pH less than L,

unless a catalyst is present. The bacteria Thiobacillus ferrooxidans

can'accelerate this reaction by a factor of up to 6 million, (Syracuse
University, 1971).

- In virtually any situation where sulfur-containing material is




left exposed by a mining opeféﬁi&ﬁ,racii §£é?ﬁéta11ic hydroxides will
be formed. In most situationssgﬁhé reqﬁiiédiﬁécteria are present to
serve as the catalyst, and thej:éaction séééﬁvis increased. While all
drainagé situatioﬁs are unique,imény coal seams occur near, or as,
aquifers and possess the poteﬂtiai for higﬁﬂflcws and correspondingly
high acid problems, (Lovell, 1973).

Even &hen‘sulfideé andvacid formation do not occur, the formation
of adverse mine dréinage is possible. Water may react with the very
mineral being mined (salt or potash).

A combinéd problem, siltation and erosion, is of particular im-
portaﬁée in surface miﬁing. If may affect underground.operations where
high flow rates and numerous'éuspended solids are encountered. Salindity
and suspended»soiids may'haye pronounced adverse effects»on such
stream life as is critical to self-purification capacity. Dissolved
solids, though not directly toxic, may still exhibit chronic effects
(stunted growth, reduced palatibility) on the stream life, (Skelly
and Loy, 1973).

Erosioh'is primarily an effect on the landscape. However, since
it‘is‘primarilyvcaﬁéed by the action of water, it is usually considered
as a water-related ﬁroblem. The action of erosion due to surface
minihg places dissolved and suspended solids in the drainage.

Deep mines from which water is discharged may possess the threat
of thermal cbntamination. As thg geothermal gradient is 1;800 per 100 m,
deep mines in places such as Butte, Montané may discharge 459C water to
atmospheric temperatuves of 5 fo 10°C. The resulting thermal shock can

be devastating to the hardiest of stream life.



In summary, any'phasefsfléépect‘ofﬁth;-ﬁining operation has the
potential to contaminate Wat;f.‘ Explofg;iqﬁ activites often utilize
crudely constructed access roéds,fcontfiéuéing significant problems in
erosion and siltation. The ﬂining-Law of,1872 requires that a certain
amount of development work bé‘régﬂlarl&ipéfformed to prove a claim.

In many cases, 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 ground water
by serving as an aveﬁue for infiltration of outside contaminants, or may
breach aquifersvcausing their discharge to the surface,

As the mining activity expands, more openings are created in the
~ground. These further enhance the tramsport of surface water into the
ground and grouﬁd water to shrface5 as weii ag for the contamination of
both surface and subsurface.‘ ihe expgnsion of mining éctivity also
introduces the poséibility of water contamination from the ordinary
refuse of miﬁing: waste rock, tailing, sanitary waste, oil, grease,
water from d%illing, paper, wood and fibrous materials. Some mines have
highly contaminated effluent water as a result of extensive concrete
operations and stope~filling procedures.

The general aspects of mine-level control often require only com-
mon sense approaches. However, the problems occur over a large physical
area; they are not so easy to control as the simple cne-point discharge
of a pipe. Care in siting acéess roéds, performing required develép—
ment (such as excavation) and the sealing of exploratory holes can
greatly reduce the pollution. Most operating mines install settling

and clarification equipment specifically to protect their pumps., It



would be relatively easy to éééiéﬁJfor aniéiggéiload to reduce the sus-
pended and dissolved solids. E;aﬁ ﬁhe baét;of practices, however, are
inefficient if continuing mainténaﬁce and.mbhitoring are not performed
through and after the mine closgre period; .A@andoned mining afeas
‘today and their associated poor’water quélity teStify to this. The
difficulties of perpeiual care of oﬁherwise abandoned mine operations
can usuallﬁ be miﬁimized with proper approaches to abatement and pre-

vention, though all of the problems may not be completely solved.

Land Quality Relationships

One aspect of the land quality effects of mining, which seems to

be almost trivial, is the old adage, "gold is where you find it."

While this may seem to be aﬁ 6bviaus point, there are still many who do
not realize that mines must be ggogréphicaliy located at the mineral
deposit, and cannot be sited as in other industries.

Given this basic constraint, two more relationships of land quality
can be discuséed. While mining occupies a relatively small portion of
the surface area of the United étates, the industry appears as totally
encompassing to those wha live in the mining areaé. The degreé of in~-
volvement will vary depending on several factors. Underground mines are
less involving than surface mines, and large scéle, of course, is more
than small scalé;"The degree cf surface involvement will also vary with
the relative geometry of the deposit and topography. A final distinc-
tion of land quality is in the quantity of mineral refuse produced by

the mining. Minerals such as ccal are typically mined in low-refuse



operations. Minerals suchfég%éﬁe base Qetaié may be mined in a manner
Which leaves 997% of the remo#éd volume as QQSte. Discussion of the ad-
verse effects on the land will Be‘deveioﬁéé, then, from six points of
view: tﬁe combinations of Surfécéror unaa;ground with non=~coal or

coal mining and small-scale vs,. large—s;ale geometry.

Surface,Mining of Coal
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