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Governor Wendell R. Anderson
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St. Paul, Mimnesocta 53155
Inter~-Agency Task Force Report
on Base Metal Mining Impacts

Dear Governor Anderson:

Transmitted herewith is the Inter-Agency Task Force Repor:t on Rase Metal
Mining Impacts which vou directed to be prepared last Januvary in antic
pation of a possible base metal mining operation in Minnesota. ]n your
requast you asked that an Inter-Agency Task Force be created of affected
state agencies and the Minerals Subcommittee of the Natural Resources
Advisory Council be expanded to ''research the caya ity of the State of
Minnesota to deal with the meny ramifications of the entire copper-nicke]
mining process: exploration, minlng, concencratlon: extraction and product
transportation.” In addition, you requested the task force to ''consider the
sufficiency of mine safety legislation, the matter of severed mineral rights,
and the reclamation of expended mining land,'’ and "that the adegueacy of the

current leasing procedures be given CUHS:dOT”liON‘

I believe that this weport is a very significant cesource document to sarve
the state in comprehensively planning for the many envirommental, economic
social and legal impacts of such an industry. It can serve as a guide for
legislative end administrative actions of state govt nt, a guide

industry proposing to develop base metal operations in iinnesota, and a guide
for further research znd study in this hiehly complex and diversified

subject area.

RBecause of the lack of sufficient time available for the conduct of the study
and preparation of the report, the vast number of veriables which requir
careful consideratvion, and the complex inter-relationships, 1t has been
impossible for these two bodies to adecuately explore all potential impacts.
However, they were able to arriveat a nurber of conclusicns and specific
recommendations which merit careful consideratlion and evaluation.

I believe this document represents a tremendous effort on the part of many con-
cerned and dedicated citizens of the state and state employees who spent many
hours and days of background vesearch, meetings and deliberation. You will
note the nzmes of the people who served on the Inter-Agency Task Force and the
Minerals Subcommittee on page i of the report. I "ﬂuld particularly like to
recognize my staff members in the Division of Waters, Soils and dMinerals who
spent many days and nights researching background information and preparing it
for the study group, writing sections of the report for comsideration and
deliberation, and vyping the report and putting it together.
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Governor Wendell R. Anderson

I am immediately forwarding copies of this report to the Environmental
Quality Council for their review and deliberation and hope that early acticen
can be taken on the many recommendations in the report for appropriate
legislative and administrative action.

Very truly yours,

P

T 2 [ - /
It ¢

M- $, . VAR ‘L../ K

W
Robert L. Herbst, Commissioner

Department of Natural Resources
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PREFACE

On January 27, 1872, the Governor requested Commissioner Robert L. Herbst
bf the Department of Natural Resources to consider base metal mining and proces-
sing in Minnesota and to research the capacity of the state to deal with the
many ramifications of the entire copper-nickel mining process. To accomplish
this task the Governor requested that an Inter-Agency Task Force of representa-
tives from the Department of Natural Resources, Pollution Control Agency, State
Planning Agency, Department of Economic Development, Depariment of Health, and
Department of Labor and Industry be established. He also requested that the
Minerals Subcommittee of the Natural Resources Advisory Council, plus represen-
tatives of citizens' groups, mining companies and local government be organized
to act as advisorv to the Task Force. The Governor further directed that the
findings be made available prior to the 1973 legislative session, for considera-
tion by the Environmental Quality Council.

This study is designed to provide background information concerning dis-
covery, mining and processing of base metals within the state. Subject matfer
includes: state mineral policy, mineral potential, metal markets, exploration
techniques, methods and processes used in mining, beneficiation, extraction
and refining, environmental considerations during the various mining phases,
potential economic impact, and socio-economic attitudes relating to northern
Minnesota.

Using the available data, the study summarizes existing statutory and regu-
latory powers of the state, the various agencies responsible, and considers the
adequacy of existing controls. Specific areas of consideration include: envir-
onmental protecticn, mine health and safety, mineland reclamation, mineral leas-
ing procedures, and problems of severed mineral oﬁnership. From this, the
present statutory authority has been evaluated, and recommendations for improve-

ments are made for appropriate legislative and administrative action.
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The scope of the study intends to give an overall perspective on the cur-
rent status of a potential base metal industry in the State of Minnesota, and
to outline the capability of the state agencies to comprehensively plan for
the legal, environmental, social and economic effects of such an industry,

The text is subdivided into two major parts: The first portion presents
a summary znd recommendations; the second includes supporting background
material on which the conclusions were based with appendices to provide

further detail in certain chapters that required extensive data collection.
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SUMMARY AND RECOMMENDATION

Minnesota is possibly on the threshold of a new major industry; that
of copper-nickel and associated mineral development. The development of
such an industry could have a substantial environmental, economic and social
impact on this state and its citizens for this and many future generations.

The potential for such a development does exist in the state and ex-
ploration to determine the mineral resource availability is presently being
conducted by the industry on both public and private lands throughout sig-
nificant areas of Northern Minnesota. No base metal mineral development has
been announced to date as a result of this exploration but it would appear
that the potential definitely exists and that it is only a matter of time before
a development is announced. Therefore, now is the time to make an assessment
of these potential impacts, both positive and negative, to determine the apprcpriate
course of action for the state.

Recognizing the importance of this matter and the concern expressed by
some of the citizens of the state (particularly the concern of potential
environmental impacts), Governor Anderson requested the creation of an Inter-
Agency Task Force and an expansion of the Minerals Subcommittee of the Natural
Resources Advisory Council to 'research the capacity of the State of Minnesota
to déal with the many ramifications of the entire copper-nickel mining process:
exploration, mining, éoncentration} extraction and product transportation'.

In the conduct of thié study, the two groups have accumulated a vast
amount of data, have attempted to assess and evaluate this data, and have at-
tempted to briefly appraise the rapidly changing technology associated with
the industry. However, due to the significant magnitude of the study, the

vast number of variables and unknown data considerations, the request of a
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comprehensive study within the available time frame cannot be completed in

the necessary detail to evaluate all implications of a base-metal inaustry
in Minnesota. This study should be considered as a preliminary report in

that i1t has only taken a superficial look at the major impact parameters

and it 1s the conclusion of the Task Force and Subcommittee that there is a

need for continuing evaluation of potential impacts (environmental, social,
conomic) of a base metal industry including a more detailed analysis of the

current and expanding technology to control these impacts.

RECOMMENDATION: The present Inter-Agency Task Force and Zhe ilnetals
Subcomnittee o4 the Netwrwal Resources Advisoiy Councll should be te-
tained to continue fo appradise and assess dmpacts asscedated with a

base-metal Lndustay.

STATE MINERAL POLICY

An important consideration of possible base metal development is a review
of the legislative direction provided to date in our laws. The existing state
policy, which is contained in the numerous iaws associated with mineral resources,
provides for the exploration, development, mining and processing of copper-nickel
ores. There are numerous laws to effectuate this policy which generally provide
a basis for regulating the impacts associated with the industry (some inadequa-
cies exist which are noted later in the report).

Policy statements contained in the Mineland Reclamation Act of 1969 give
consideration to most of the elements of policy set forth elsewhere in the

statutes in relation to more specialized subjects.1

WMinnesota Statutes 1971, Sections 93.44 and 93.47, Subd. 2.

[}



The policy and regulatory authority of the state as related to mining
provides for reclamation of lands subjected to mining of metallic minerals,
control of adverse environmental effects, preservation of natural resources,
and wise land utilization while simultaneously promoting: orderly development
of mining; wise mining pracitices; and the beneficial aspects of mining.
Furthermore, due consideration shall be given to employment, the development
of state-owned minerals and the economic benefits to mineral operators, land
owners, local communities and the state.

The legislature, through the political process, has developed a direction
for the state which generally encourages the development of a mining industry
in the state under appropriate regulation to minimize any negative impacts.
There is considerable special legislation unique to this industry which has
been enacted from time to time in such diverse areas as water supply, eminent
domain powers, taxatlon, highways, etc. which should pe continuously re-evaluated
in light of today's needs and concerns.

One policy area of particular concern to many citizens of the state is
the relationship of mining and the Boundary Waters Canoe Area (BWCA). A state
policy has clearly evolved from a series of legislative and administrative
actions which would preclude any mineral exploitation in the BWCA except in time

of a national emergency.

POTENTIAL FOR BASE METAL DEPOSITS

There are two geologic formations in Northern Minnesota that are considered
favorable host rocks for potentiél base metal deposits, the Duluth Gabbro Complex
and an ancient series of metavelcanic rock commonly referred to as '"Greenstone!
or '"Greenstone Belts". The generalized location of these two formations is
shown in Figure 2a.

The Duluth Complex is a mafic intrusive formation containing low grade

copper and nickel sulfides. The most intensely mineralized area presently
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known is located in a zone, near the base of the Complex extending from Hoyt
Lakes almost to the edge of the Boundary Waters Cance Area (See Figure 2d).
Based on preliminary data, this formation is considered to be the largest
known nickel sulfide resource in the United States.l At an average grade of
0.85 percent combined copper and nickel, the Minnesota Geological Survey
estimates that a minimum of 6.5 billion tons of crude ore is contained in

the Duluth Complex. Assuming 100 percent recovery of copper and nickel and

a price of 50 cents per pound (gross under-estimate), this material could

be valued at approximately $55 billion. Although no plans have been received
to date, it is apparent that one or more mining companies will ultimately re-
quest permits required for developing hining operations in this area.

The Greenstone Belts are in many cases continuous belts extending down
into Minnesota from Canada. As shown in Figure 2b this formation is a major
source of Canada's mineral wealth. From this data and knowledge of the
similar geologic environments, it can be asserted that economic ore deposits
will eventually. be discovered. These deposits can be expected to contain one
or more of the following base metals and precious metals: copper, zinc, lead,
nickel, gold and silver.

It must be emphasized that these two formations are distinctly different
in geologic character and thus have to be evaluated independently in attempting

to assess potential impacts associated with their development,

BASE METAL MARKETS

At the present time, there is an oversupply of copper, nickel, and zinc
on the world market. However, the projected demand is expected to substantially

exceed supply over the long term.and this surplus will be consumed,

wn

1Kingston, G. A,, et. al., Availability of U, S. Primary Nickel Resources,
Information Circular 8469, U. S, Bureau of Mines, 1870.
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As derived from the U.S. Bureau of Mines, Table 3.22 shows the present
and projected supply-demand relationships for base metals in the United States

1 There is a growing

if the historical rate of growth in demand continues.
concern for the nation's reliance on imports for materials vital to the economy.
As can be seen from the table, our self-sufficiency for these strategic base
metals is in jeopardy for many years to come. In the near future, it is antic-
ipated that base metal extraction facility capacities will lag behind pro-
duction and will be the limiting factor in meeting domestic demands. This
problem should be alleviated as technology improves.

Recycling has often been cited as a solution to the potential shortage.
U.S. Bureau of Mines statistics indicate that approximately 25% of the annual
domestic.coﬁsumption of copper is obtained from old or obsolete scrap. Oak
Ridge National Laboratory estimates that potentially 75% of copper produced
is recyclable; this figure includes industrial scrap and obsolete scrap, all
of which cannot be entirely reclaimed with the present level of technology.
Even with total recycling, it is anticipated that future demands could not be
met, The gap between domestic supply and demand could be narrowed even mors
substantially through more efficient and less wasteful use of metals incliuding
extension of the product lifetime. In the absence of a policy of thrift in the
use of minerals and energy which slows the rate of growth in demand, we conclude
that the U.S. will have to accelerate its current exploration and mining program

in order to remain even partially self-sufficient.

Warious other agencies have projected figures that may differ significantly from
those shown here. However, most studies derive similar results--domestic supplies
will continue to lag behind domestic demands.



Table 3.22 Summary

of Projected U. S. Supply-Demand Relationships

U.S. PRIMARY

U.S. PRIMARY

YEAR DEMAND PRODUCTION™

Million Short Tons Mitlion Short Tons
1970 1.6 1.7
COPPER 1985 2.9 N.A,
2000 5.4 2.4

Million Pounds Million Pounds

1970 311.4 30.6
NICKEL 1985 492.2 60.0
2000 770.0 84.9

Million Short Tons Million Short Tons
1970 1.3 0.5
ZINC 1985 1.8 0.5
2000 3.1 0.5

1

derived solely from domestic mine production.

2

U.S. Primary Demand refers to the precjected requirement for the metal as

U.S. Primary Production refers to the projected supply of the metal that

can be derived strictly from mine production based on historical trends.

W
O



RECOMMENDATION: More efficlent and Loss wasteful use of medals,

Ancluding extensicn of product Likletime and tecvceling, shceuld be en-
o 3] - ) ¥

e provide fox mesearch to effectuate zhis recemmendation; consddera-
2lons should be given Lo wtllizing a poation of the present Lnceme o
IRRRC 4rom mineral Zaxes.

RECOMMENDATION:  The mineral policy enccwwaging the exploraticn and

development of mineral resowrces sheuld be continued fea the praosent,

MODELS OF POTENTIAL MINERAL DEVELOPMENT

Current information pertaining to potential mineral operations in
Minnesota is very limited and has not been delineated in sufficient detail
to allow complete evaluation of their possible implications. Therefore, in
order to make preliminary evaluations, two models have been prepared. Tables
5.2 and 5.5 outline the basic assumptions for the Greenstone and Gabbro Models
respectively, Although these models will probably not fit any specific opera-
tion, they provide a first approximation of future development.

Based upon the knowledge of the geologic formations to date, several
conclusions can be drawn concerning future development. Due to the location
of the known mineralized zones in the Gabbro, the majority of operations will
in all probability be underground except for the possibility of limited open
pit mining along the contact. The majority of the greenstone operations
(if and when any ore bodies are discovered) will also be underground, unless
a deposit is discovered in an area where the overburden is extremely shallow.

Due to the rapidly increasing costs of mining and processing, existing
technology is in a period of rapid change. It is impossible at this time

to identify specific techniques that could be used for developing Minnesota's

—t
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10.

11.

Time from discovery
to production

Ore Grade*

Current value of
contained metal per
ton of crude ore**

Mine Production

Number of Employees

Mining

Major Mining Method
Individual Mine Life
District Life
Concentration

Extraction

Table 5.2

Summary of Greenstone Mine Model

Ave, 10 yrs.
Range 3 - 36 vrs.
Cu(%) Ni(%) Pb (%) Zn (%) Ag(oz/ton) Au{oz/ton)

Ave, 1.93 .14 .04 3.85 .83 .04
Range 0-4.3 0-2.7 0-.84 0-14.11 0-4.85 0-.186
Ave, S$41.86/ton

Range $20.3%/ton - $101.20/ton

Tons per day Tons per year

Ave, 1,365 498,000

Range 150 - 9,000 54,500 ~ 3,000,000

Ave. 280

Range 132 - 985

Underground with possible open pi

overburden is shallow,
Cut and fill

20 yrs.

50 yrs.

Selective flotation

t where

Concentrates shipped to custom smelters

**The most current metal prices are

Cu 1.95%
Zn 3.85%

*To simplify calculations, the following values are used

Others are considered to be only a trace

Cu $0.505/1b.
Ni §1.53/1b.
Zn §0.18/1b.

used

Pb § 0.15/1b.
Ag § 1.75/0z.
Au $64.20/0z.



Table 5.5

Summary of Gabbro Mine Model

1. Time from discovery When known existing ore deposits

to production become economic
2. Ore (Grade 1% combined Cu-Ni (.8% Cu § .2% Ni)
3. Current value of contained $14,00/ton

metal per ton of crude ore*

4. Mine Production 20,000 tons/day
7,300,000 tons/year

5. Number of Employees 2,800 (data from White Pine)
(for a mine, concentrator,
smelter and refinery)
6. Mining Predominantly underground with
some ¢pen pit near the contact
7. Mine Method Block caving, room & pillar, cut § fill
8. Individual Mine Life 25 to 50 years
8. District Life Greater than 100 years
0. Concentration Selective Flotation
1. Extraction If no copper smelting capacity is

available, a copper smelter (tradi-
tionel, continuous, or flash) woula
have to be built, Nickel concentrate
shipped to custom smelter.

Assumptions Necessary for Construction

1. Large low-grade deposits

2. Large-tonnage opefation

3. Could require extraction facility

4. Pyrometallurgy only presentlwaeasible method

5. Minimum size extraction facility - - - 300,000 tons per year

6. Grade of concentrate - 25% Cu

7. Grade of ore - 1% combined Cu-Ni (,8% Cu § .2% Ni)

*The most current metal prices are used: Cu $0.505/1b,
Ni S1.53
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Tesources.

| Extraction and refining facilites are only slightly resource driented.
At the outset of development, such facilities probably would not be located
within the State. As the number of discoveries and operations increase, the
probability of a company desiring to locate a facility of this type in
Minnesota would also increase. At this time, a site could be selected many
miles from existing operations. For example, Magma Copper Company in Arizona

is presently shipping copper concentrates to White Pine in Michigan.

RECOMMENDATION: The Department of Natural Rescunces should continue

its effonts to assess potential méﬁenaﬁ development 40 that environ-

mental, social and economic impLications can be evaluated and updated
by the Inten-Agency Task Force and the Minerals Subcommittee.

/

* ENVIRONMENTAL IMPACT OF BASE METAL MINING

Specific determinations of potential environmental impacts associated.
with base metal mining and processing are extremely difficult to evaluate in
any detail because the environmental setting varies significantly throughout
Northern Minnesota. The specific techniques of mining and processing are
extremely variable and unknown, and numerous other parameters require certain
assumptions which cannot be detailed with certainty-+until an actual operation
is proposed. In addition, because of the different geologic environments
between the Greenstone and Gabbro formations impacts associated with any
individual operation may vary significantly. Because of this potential for
tremendously varied environmental impacts, there is a néed to establish a
strong pre-operational monitoring program in each area as deposits are dis-

covered. To date, the only area that is known to contain significant mineral

LT
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resources, is located between Ely and Hoyt Lakes in the Gabbro formation

N,

(See Chapter 2, Figure 2d).

RECOMMENDATION: A pre-operational environmental monitoring proghan

should be established in the immediate {uture for the area Located

between ELy and Hog;t Lakes in the Gabbro fornmation. Consideration
should also be given to establishing a standard area, away from mining
operations, that could be monitored throughout mining for comparative
purposes.

Although the following is not a complete 1list and is very general in
scope, the primary environmental considerations of a potential base metal
indﬁstry are as follows:

Exploration

In general, there are no lasting or irreversible impacts associated
with this phase. Only about one in 1,000-2,000 prospects would be expected

"to develop into an operating mine.

Undergroﬁnd Mining

1. Surface and groundwater discharge and fluctuations resulting
from mine dewatering throughout the life of the mine.

2. Potential subsidence considerations both during and after the
mine has been closed.

3. Health ;nd safety of the miner during both the developmental
and operational phases.

4. Erosion, sedimentation and water quality of runoff from the
various stockpiles.

Open Pit Mining |

| 1. The open pit miﬁe is considered an irreversible impact; as such

this specific land use must be a major consideration (See Table 6.5).



2. Surface and groundwater discharge (water quality) and fluctuation
resulting from mine dewatering throughout the life of the mine.
3. Slope stability in regards to safety during and after the mining
operation.
4. Erosion, sedimentation and runoff from the various stockpiles.
Beneficiation
1. Land use in terms of tailings disposal sites.
2. Tailings disposal during actual operations (See Tables 6.3 and
6.4).:
3. Water discharges throughout the mine life and water quality of run-
off after the qperation has ceased.
4. Appropriation of water during operations (See Table 6.2).
5. Alteration of natural drainage systems.
Extraction
1. Water pollution for hydrometallurgical processes.
2. Air pollution for pyrometallufgical processés (See Table 6.6).
Refining

No major environmental problems are expected.

From preliminary evaluations, power demands associated with a base metal

operation will be relatively small and presumably will not require a new power

facility.

In most areas of potential new operations, no new townsites will be required

-

in that present townsites exist in relatively close proximity.
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In many cases there are other impacts that would require major consideration,

~ however, these are unpredictable without a specific proposed project. Likewise,
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som= of the above operations will not necessarily occur in Minnesota and
thus their corresponding impacts will be non-existant. For example, mining
may be either open pit or underground depending upon the specific instance
and extraction and refining facilities may not be located in Minnesota;
especially in initial opérations.

The existing statutory authority for environmental protection falls
into five catagories. 1) The water resourcgg section includes: water use and
appropriations, water quality, alteration of water courses, and drainage and
diversion for mining purposes. Should mining development be considered in
the Gabbro complex of Northeastern Minnegota, part of the surface area will
be subject to jurisdiction under the Shipstead-Newton-Nolan Act and the Little
Shipstead-Newton-Nolan Act. 2) Air quality includes authority to adopt "standards
of air quality" and provides regulations '"for the prevention, abatement, or
control of air pollution". 3) .Noise pollution includes authority to adopt
standards for maximum levels of noise. 4) Solid waste authority provides for
the disposal of materials that might give rise to water or air pollution and also
land reclamation. Finally, 5) regulation for land use is provided primarily
through local county zoning ordinances. In addition, there are provisions
for some specific types of land use regulation such as mineland reclamation,
floodplain and shoreland management and state mineral leasing regulatioms.

In general, with the exception of land use and mineland reclamation,
sqfficient statutory authority presently exists to control environmental impacfs
of mining. This is not to mean that adequate rules and regulations have been

developed to control a potential industry of this magnitude. Because of time

limitations existing regulations have not been reviewed in detail.



"+, RECOMMENDATION: The Inten-Agency Task Force and HMinenals Subcommititee
should conduct a more detailed analysis of existing state agency standards,
rules and néguﬁwtéorw with respect to envinonmental Ampacts of potential
base metal operations and deficiencies should be Ldentified for corrective

action by appnop)z,{a;te state agencies.

RECOMMENDATION: The State should initiate an overall Land use proghram
which will guide Land use in the state and provide the base authornity for
Amplementation of a program consistent with potential federal Land use
Legistation, ‘

RECOMMENDATION: A State siting authonity should be established, possibly
in conjunction with a powern plant siting authornity, recommended by zhe
Power Plant Siting Task Force of the Environmental Quality Council that

will consdidern Locations forn a future smeltern Lf and when one L8 proposed.

>Current1y there are at least 12 state, federal and local agencies, of which
6 are state agencies, that could have some jurisdiction over one or more phases
of base metal mine development.

RECOMMENDATION: Eff01ts should be made Zo provide for better coordination

and enforcement throughout these agencies 50 that overall environmental

Ampacts of potential industries can be evaluated completely rathern than

on a plecemeal basis.

Recommendations pertaining to land reclamation are made in Chapter 7 which deals

specifically with this subject.
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MINELAND RECLAMATION

Land reclamation is a procédure which must be initiated at the onset
of an operation to plan for appropriate land use and resource protection
during and after completion of mining. The current statutory authority,
enacted in 1969, is inadequate in that it does not provide for a comprehen-
sive=program capable of reclaiming and restoring an area disturbed by mining,
nor is it compatible with Federal legislation expected for passage in 1973.

Most of the proposed Federal legislation provides for establishment
of Federal guidelines for mine reclamation and the opportunity for States
to establish and implement State plans.- Effective control would be pro-
vided through a permit system which requires that a reclamation plan be
submitted with each permit application.

The existing State regulatory authority for mineland reclamation provides
control only for specific practices in areas close to certain highways and
built-up portions of established communities, or in cases of possible pol-

~lution problems.

To be adequate, regulatory authorization must provide for (1) planning
for reclamation prior to mine development, (2) the ability of the regulating
agency to hold the operator financially responsible for inadequate reclama-
tion efforts, (3) a research program directed towards the development of

compatible landscaping techniques and the re-establishing of biological prod-

uctivity on mined lands, and (4) an effective program for reclaiming previously

exhausted mine properties.

RECOMMENDATION: A good mineland neclamation effort must be planned prion

2o and continued throughout a mining operation and must be cawiied out as



part of the business of mining. Legisfation should be prepared and enacted
that will provide more effective guidelines for neclamation of metfal mines;
provide forn evaluation to determine the need for and possible inclusion

0f industrial mineral mining (gravel, guarnying, etc.) under Land reclama-
tion regulations; and ginally, serve as an enabling act for preparing a
"State PLan" when and {4 federal Legisfation Lis passed.

The Department of Natural Resources is currently preparing a bill for
introduction into the 1973 legislative session to effectuate this recommenda-

tion.

POTENTIAL ECONOMIC IMPACT OF A BASE METAL MINING INDUSTRY

Besides contributing to the national economy, base metal mining is a
significant asset to all levels of the economic environment. Studies of base
metal operation in other states and in Canada show that substantial economic
benefit is particularly derived by the local mining community.

Greenstone and Gabbro areas of Minnesota occur in or close to an area
of the state that already supports mining operations. Thus many of the
supplies necessary to support a new copper mining operation should be avail-
able from manufacturers and distributors. Unemployment rates of 9.7% and 13%
for St. Louis County .and Ely, respectively, indicate that the area already has
a population complex capable of providing the necessary labor force.l

Ely is especially hard pressed and, it must be recognized, that the Ely area

Lthis does not infer that the entire unemployed work force is capable of filling
positions in the mining industry, however, it does indicate that there is a
sufficient work force available to meet the needs of a mining operation.
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will probably be the first to develop a copper-nickel mining operation.
Aéide from administrative personnel and perhaps a temporary training crew
there is little reason to doubt that local residents will provide most of
the work force necessary. There is always the problem of unemployment if
and when a mining operation is terminated. However, considering the estimated
6.5 billion tons (conservative figure) of mineral resources in the gabbro,
the district life is expected to exceed ldO'years. Pending the discovery of
~new reserves the district 1life could be considerably extended. If, for any
reason in the near or distant future, mining is terminated then there will
be an unemployment problem. This is the risk aséumed with the advent of
many new industries.

In addition to a number of already existing establishments the region
would be an ideal location for new companies engaged in the manufacture of
mining equipment and machinery and satellite industries to serve the needs
of the mining industry and mining community. Furthermore, if and when an
extraction facility is constructed in Northern Minnesota, the opportunity
would present itself for the introduction of various fabricating industries
which would utilize the final refined metal product.

It is doubtful that any new townsites will be developed as a result
of new mining operations because existing townsites are located in relatively
close proximity. |

Speculation has evolved regarding the increased burden on the communityv
to sﬁpport expanded services such as schools, police protection; sewer and
water facilities, etc. However, as exemplified by mining areas in other
states and communities on the iron range, the mining companies assimilate

-

a considerable part of the tax burden and in some cases provide tax relief.



Sfﬁcifically, White Pine Copper Co. in Ontonagon County, Michigan pays about
74% of township taxes and 36% of county taxes. Iron mining communities in
Northern Minnesota currently receive similar benefits from the various mining
companies.

Where expanded seréices are required due to the increased labor force
related to the mining industry, the companies involved in that district have
historically carried the additional financiél burden. For example, when new
. schools were required because of the taconite industry, legislation was
enacted authorizing the issuance of bonds with the levy for their retirement
coming primarily from the mining industry.

Although the state (primarily its trust funds and local units of
government) has received substantial monetary benefit to date from rentals
derived from the leasing of state owned mineral lands for exploration, the
amount is minor compared to the revenue that will be obtained through royalties
and taxes once mining is initiated. The same situation also exists for the

federal and privately-owned mineral rights, although this public benefit might

not be as direct.

RECOMMENDATION: A more detailed economic analysis should be undertaken

by the Intern-Agency Task Force and the Minerals Subcommittee to estimate
pofential economic situations prior, dwiing and after a base metal mining
operation in any Locality. The analysis should also assess the age phofile
0§ employable people in mineral potential areas and the outhigaation

cuvently occwwing in Nonthern Minnesota.



SOCIO-ECONOMIC ATTITUDES AS RELATED TO BASE METAL MINING

A recent opinion survey concerning economic and environmental issues in
Northern Minnesota was taken in selected cities in Northern Minnesota, South-
ern Minnesota, and the Twin Cities area. As may be expected, some of the
opinions varied significantly between Northern and Southern Minnesota.

Of the residents polled in Northern Minnesota, a clear majority, par-
ticularly in the Ely area, was in favor of promoting the exploration for
and mining of base metals. A majority of the populace contended that un-
employment, welfare, and other economic problems should be considered prior
to environmental impacts. The local residents indicated approval of current
énvironmental regulations and are generally opposed to relaxing these con-
trols strictly for the purpose of encouraging industry and employment. In
summary, the people are environmentally oriented but do not intend to let
extreme environmental regulations inhibit their economic advancement.

It is interesting to note that in Southern Minnesota and the Twin Cities,
~the respondents also favored expansion of the mining industry though only by
a very slight margin. Southern Minnesota residents (including Twin Cities)
for the most part, recognize the economic plight of Northern Minnesota but
feel that the long range preservation of natural and wilderness areas and
other environmental concerns are more important than the current economic

problems.

Overall, the people responded in agreement to the contention that it is
possible to have more industry in Northern Minnesota in conjunction with the

necessary environmental protection regulations.

BASE METAL LEASING PROCEDURES

The State of Minnesota has been endowed with vast holdings of mineral
rights acquired by various means. The responsibility of managing these

mineral rights is vested with the Department of Natural Resources. The
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authority and guidelines for this management are set forth in Chapter 93

of Minnesota Statutes. Mineral rights are not sold but development is
permitted under a leasing system. Rental and royalty payments are defined
with the state's trust funds and the local taxing.districts as the principal
benefactors.

Final approval of the adoption of rules and regulations authorizing
prospecting, leasing and mining of non-ferrous minerals is vested with the
Executive‘Gouncil as well as the awarding of any leases. On July 15, 1966,
the Department of Natural Resources held a public hearing on "Rules and
Regulations Covering Permits to Prospect for and Leases to Mine Copper, Nickel
and Associated Minerals'". The Executive Council approved the rules and
regulations on November 8, 1966. The major items included are:

provisions for public and negotiated lease sales, bidding

précedures and the actual lease form. The lease form contains

the basis for royalty and rental payments; safety provisions;

environmental considerations; reserves the state's right to

lease iron ore, taconite and sell timber; requires the lessee

to submit monthly and annual reports, exploration data and mine

samples; provides for state inspection; requires the lessee to

pay damages and taxes; the lessee's right to terminate and the

lessor's right té cancel.

Under the copper-nickel rules and regulations adopted, the following
procedures‘have been developed in connection with the public sale of leases
as follows:

1. Sale Preiiminary Afea Determined

A. Proposed & requested sites evaluated



B. Tentative boundaries set
C. Historic, Scientific, Recreation sites identified and omitted
2. Sale Area Reviewed
A. All agencies of DANR
B. Other interested state agencies
C. Other interested groups
D. Boards of involved counties
3. Sale Developed
A. Unit book & maps prepared
B. Legal notice published |
C. Press releases
D. Prospective bidders informed
4. Sale Conducted
A. Bid opening with Executive Council
B. Recess to study and evaluate high bids
C. Reconvene § awarding rejecting or tabling of leases by
Executive Council
The first copper-nickel lease sale was held on December 20, 1966.
Subsequent sales were held on August 15, 1968, December 11, 1968, July 30,
1970 and December 14, 1971. Of the 1.9 million acres of state-owned lands
offered for lease, 908 leases covering'362,909 acres have been leased. Of
this totalg four leases covering 840 acres were negotiated. All leases
were awarded with the Executive Council's approval. As of January 1, 1973;

117 leases covering 51,111 acres were still in effect (See Table 10-1).
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Status of Leases at Various Times

Table 10.1

Total
of

Leases

Greenstone

Gabbro
of

Leases

No.

of

No.

No.

Acreage

Leases  Acreage

Acreage

146,316

219,547

585

228 73,231 367

3/1/69

197 59,860 368 146,316 565 206,176

8/20/69

161 49,136 339 134,158 500 183,294

6/2/70

146,823 479 192,860

336

037

46,

143

1/1/71

101 26,403 308 136,733 409 163,136

4/3/71

18,748 301 134,073 380 152,821

79

7/1/71

63 15,800 261 122,279 324 138,079

1/2/72

10,181 134 65,721 173 75,902

39

7/1/72

33 9,087 84 42,024 117 51,111

1/1/73
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The majority of the leases issued are terminated after the lessee has
prospected and evaluated them to his satisfaction. The graph in Table 10,1
shows the gradual decline of the number of leases in effect, partially
offset by intermittent sales. Until the total area has at least received
a preliminary evaluation, it is desirable to maintain 150-350 (depending on

the specific area) state exploration leases in effect. The statistics indicate

_that a lease sale is presently needed to fulfill the responsibility of proper

resource management and assist land use planning.

Although the public is informed through means of legal published notices
and press releases of the lease sales, and their comments are invited at the
Executive Council meetings, the only formal public involvement occurred prior
to the initial lease sale and prior to and during the 1971 sale. In this
most recent instance certain interest groups objected to the lack of public
involvement prior to the selection of mining units to be offered, the need

for additional time between the opening of bids and the awarding of leases,

"too large an area offered for lease and what they feel is a lack of depart-

mental concern and study of the recreational and environmental impacts on
the area involved.

Criticism also came from the industry in that they would prefer a
royalty based on net smelter return. Also, the concern was expressed about
the excluding of lands for leasing other than those in recognized wilderness
and recreation areas such as‘the BWCA, State Parks, etc., particularly when

the lands have anomalous portions.

RECOMMENDATION: To provide an on-goding program which serves as a basis

for good mineral resounce management and needed background Anformation
gon proper Land use planning, continue the basic procedures 4oxn Base ‘letal
Leasing with the folLlowing modifications: |

1] DAR publicly announce its intent to hold a copper-nickel Zeazse sale
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at Least 90 days prion fo the sale.
2) DNR %o nequest the Executive Council fo recess for a period of not
Less than 15 days between the opening of bids and the awarding of

Leases.

RECOMMENDATION: The Inten-Agency Task Fonrce and the Minerals Sub-Committee
of the Natural Resources Advisory Council continue perlodical review of the

state coppern-nickel Leasing procedure forn possible revision.

MINE HEALTH AND SAFETY

Mineral mining, quarrying and processing in Minnesota include granite,
quartzite, clay, pure silica sand, sand and gravel and peat as well as iron.
But, in Minnesota, mining generally has meant iron mining. Iron mining
(relatively speaking) has had an enviable health and safety record. In the
not too distant future copper-nickel ores may be mined in Minnesota. The
prospects are that this will involve underground operations, operations
‘which tend to be more hazardous from a healfh and safety standpoint than
above-ground or open pit operations. Minnesota should accept responsibility
for the occupational health and safety of workers in its mineral industries.

An Occupational Saféty and Health Plan for Minnesota proposes legislation
which will coordinaté the State program with that of the U. S. Department
of Labor as mandated gy the Federal Occupational Safety and Health Act of |
1970. The proposed plan excludes those occupational activities that fall
under the jursidiction of the U. g. Department of Interior. However, the
Federal Metal and Nonmetallic Mine Safety Act of 1966 encourages cooperative

action on the part of the states. The State Occupational Safety and Health

Plan calls for a developmental program, and at an appropriate time in that



development, responsibility for employees in Minnesota's mineral industries
should be considered for inclusion. Meanwhile, a study project should be
undertaken to investigate the conditions whereby Minnesota can become an
agreement state with the U. S. Department of Interior, with the findings
and recommendations of the study project serving as a guide for the timing
and establishment of programs to provide for the occupational safety and
health of workers in the mineral industries.

RECOMMENDATION: Legisfation based on the State Occupational Safety

and Health PLan should be passed and supponted to give protection

Lo Minnesota's wonk force and %o senve as a nucleus for a progham

Lo protect the safety and health of workens in the mineral Lndustries.

RECOMMENDATION: A study profect should be undertaken to Linvestigate
the conditions forn Minnesota to become an agheement sitate as specified

by the Federal Metal and Nonmetallic Mine Safety Act.

PROBLEMS OF SEVERED MINERAL OWNERSHIP

"Severed Minerals'" is the general term applied to mineral interests
which are owned separately and apart from the surface ownership of the land.
Throughout much of the state's history, it has been a common practice, when
selling real estate property, for owners to retain the mineral rights, there-
by creating two owners of a property--one for the surface and one for the
minerals under the surface.

Two basic problems have evolved from separating surface and mineral
interests:

1) Creation of a separate froperty ownership which becomes increasingly
obscure and which cannot readily be determined from normal ownership records.

2) An inequity of tax laws which permits the owner of a sevefed mineral

estate to escape taxation unless drilling has established a proven value.
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The Department of Natural Resources and a number of the northern counties
have been concerned with this problem for many years and have made repeated
attempts to resolve this situation since 1957. Passage of the 'Mineral Regis-
tration Act" in the 1969 legislature, represented the first step in a solution

to these problems.1

This law requires owners of severed mineral interests to
register their interest in the county in which the lands are located by Janu-

ary 1, 1975 and to re-register every five years. However, there is little, if

any, penalty for failure to register and no loss of rights; consequently there.

is very little incentive to register under the current act.

To remedy the inadequacies of the present law, the Department of Natural
Resources prepared a bill (See Appendix 12.1) which was submitted to the 1971
legislature to amend existing laws to:

1) Make registration of severed mineral rights mandatory

2) Impose a minimum tax of $.50 per acre for severed mineral

rights on which no value has been placed and otherwise
taxed. (The province of Ontario in Canada, which has land
ownership patterns and mineral characteristics similar to
Minnesota, has imposed a tax of $.50 an acre since 1968,
and $.10 an acre before that).

'3) Provide for forfeiture of severed mineral rights to the

state, in trust for the local taxing districts, for fail-
ure to pay the imposed tax (as is the case with other real

property rights) or for failure to register these rights.

The bill has been supported by the counties, the Department of Taxation and

S5-29

bybmost of the major environmental groups. It is proposed that an up-dated version

lMinnesota Statutes 1971, Sections 93.52 - 93.55.



of this bill will be submitted to the 1973 legislature for action.

RECOMMENDATION: For Zhe punpose of providivg adequate and cwurrent
neconds o4 ownership of sevened minerals, much of which {s already
highly fractionalized, the mineral registration Law of 1969 (Minn-

esota Statutes 1971, Sections 93.52 to 93.58) should be amended as
provided in S.F. 2649 and H.F. 3166 of the 1971 regularn Legislative
sessdon, Lo compel registrnation within cerntain time Limits. Fallure

Lo negisten w@thin a specified period of time should result in for-
feituwre o4 the minenal estate to the state, in thust for the Local Zaxing

RECOMMENDATION: Fon the purpose of eliminating the inequity Ain the

neal property Lax Laws of the state which exempls severed mineral

estates grom taxation except where the property has been daitlfed and a
marketable mineral reserve discovered, Minnesota Statutes 1971, Chaptern 272,
should be amended as provided in S.F. 2649 and H.F. 3166 of the 197]
regular Legislative session, Lo Ampose a minimum tax on severed minerals.

As An the case of proven mineral reserves, failure to pay the prescribed
Lax should rnesult in fornfelture of the minenal estate to the state, Ain
st fon the Zogal taxing districk.
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CHAPTER 1: STATE MINERAL POLICY

In considering the many implications of possible base metal explora-
tion, development and mining in Minnesota, it is important to explore and
assess legislative directions which have been set forth for the State. While
the time frame for preparation of this report precludes a complete examination
of iegislative history relative to our mineral resources, we have briefly
examined our current laws. State mineral policies are set forth in a series
of statutes but, as is the case with many policies, they have never been
consolidated into a single comprehensive state mineral policy. The majority
of these laws relating to mineral resources deal with specific aspects such
as the administration of minerals related to public lands, mineral taxes,'
water resources, powers of eminent domain, highways, etc.

Policy statements contained in the Mineland Reclamation Act of 1969 give

consideration to most of the elements of policy set forth elsewhere in the

statutes in relation to more specialized subjects. The 1969 Mineland Reclamation

Act! contains the following provisions:

"93.44 DECLARATION OF POLICY. In recognition of the effects of
mining upon the environment, it is hereby declared to be the
policy of this state to provide for the reclamation of certain
lands hereafter subjected to the mining of metallic minerals
where such reclamation is necessary, both in the interest of
the general welfare and as an exercise of the police power of

"~ the state, to control possible adverse environmental effects
of mining, to preserve the natural resources, and to encourage
the planning of future land utilization, while at the same
time promoting the orderly development of mining, the encourage-
ment of good mining practices, and the recognition and identi-
fication of the beneficial aspects of mining."

IMinnesota Statutes 1971, Sections 93.44-93.51.
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" 193,47, Subd. 2. In determining the extent and type of regula-
tion required, the commissioner shall give due consideration
to the effects of mining upon the following: (a) environment;
(b) the future utilization of the land upon completion of
mining; and (c) the wise utilization and protection of the
natural resources including but not limited to the control
of erosion, the prevention of land or rock slides, and air and
water pollution. The commissioner also shall give due con-
sideration to (a) the future and economic effect of such regu-
lations upon the mine operators and land owners, the surround-
ing communities, and the state of Minnesota; (b) the effect
upon employment in the state; (c) the effect upon the future
mining and development of metallic minerals owned by the state
of Minnesota and others, and the revenues received therefrom;
and (d) the practical problems of the mine operators and
mineral owners."

Notice that the reclamation act recognizes not only natural environ-

3
>

ment considerations, but also considerations relating to employment, the
‘development of state-owned minerals and the economic benefits to mineral
operators, landowners, local communities, and the state.

Considerable legislative action has occurred regarding the adminis-
tration and regulation of publicly-owned minerals.

The laws relating to minerals on public lands in the state date back
as early as statehood. The majority of these laws are now contained in Chap-
ter 93 of the Minnesota Statutes and is the basis for the Department of
Natural Resources current Copper-Nickel Rules and Regulations for the leasing
of state-owned minerals for exploration and mining.

In 1866 the legislature, in an act relating to certéin public lands in
the state, authorized mines and inhabitants to form mining districts, fix the

boundaries, adopt a name and pass rules and regulations for the district neces-

sary for the location, holding, recording, and working of mines of mining claims.

The act applied to the mining of "gold, silver and other minerals". This law,

along with an amendment to it in 1867, authorized limited staking of mineral
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cla:ms on certain public lands in Minnesota until the enactment of an 1889 law,
which established the basis for much of our present iron ore mining laws.
Numerous changes to that basic 1889 law have occurred, usually in response

to changes in demand for the resource, new mineral finds, changes in mining
technology, legal reasons, and changes in public attitudes.

Minnesota Statutes, Chapter 93, contains the present basis for the
administration of state-owned or administered minerals lands, and embodies
the numerous elements necessary for such administration such as the reserva-
tion of minerals to the state, mineral leasing provisions and procedures, the
rights and duties of leaseholders, use of state lands for auxiliary land needs,
rentals and royalties disposition and distribution, and the specific administra-
tive procedures for state mineral lands. The chapter is sprinkled with various
citations of policy--all basically providing for the encouragement of exploring,
mining and developing publicly-bwned minerals but tempered by supporting statu-
tory sections controlling their actions as lessee. 1In addition to the statutory
controls imposed under this chapter, a lessee is also required to conform to all
other statutory requirements, the same as on privaté lands, regarding water per-
mit requirements, water and air pollution control requirements, taxes, land use
controls, etc.

One specific area of mineral policy that has been the expressed concern of
numerous citizens is the policy regarding the Boundary WatersrCanoe Area (BWCA)
and possible mineral exploitation. Based upon a review of the many laws which
have been enacted by the legislature regarding the BWCA and their historical
development, it is clearly the intent of the legislature that this unique area

be managed for its wilderness characteristics and free of mining except in times



of " national emergency. This basic policy is consistent with the actions of
the federal government, which has been expressly set forth by Congress in the
establishment of the BWCA. This state policy is presently being challenged
by private individuals owning severed minerals within the BWCA. Court action
on this matter is currenély pending in U, S. District Court. (Izaak Walton
League of America vs, George W, St. Clair, et al). The Department of Natural
Resources, through the Attorney General's office, has successfully defended
this state policy to date, although the final court decision has not yet been
rendered,

While not as clear or as specifically delineated, the public policy and
attitude towards mineral resource development on privately-owned lands is |
similar to that set forth for public lands. However, the control and regula-
tion on private lands is less extensive,

The various laws that are applicable to and affect the mining industry
are numerous and also reveal a similar expression of public policy. These
various laws related to such diverse subjects as mine safety, highways, lénd
and land rights, including eminent domain power, building restrictions and
construction practices, employment, water resources, inciuding mining relation-
ships to lakes and streams and their alteration, inspection, etc, Considerable
special‘legislation unique to the industry has been enacted from time to time.
in these diverse areas which is generally designed to accommodate the industry
subject to the controls deemed necessary by the legislature to regulate the

industry.
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CHAPTER 2: GEOLOGIC SETTING FOR BASE METAL DEPOSITS IN MINNESOTA

Northern Minnesota possesses one of this nation's greatest potentials
for base metal deposits. Base metals composed of copper, nickel, and zinc
combine with sulfur to produce the following minerals:

Chalcopyrite (Cu Fe Sp) - Copper sulfide

Pentlandite (Ni, Fe) S -+Nickel sulfide

Sphalerite (Zn S) - Zinc sulfide
‘There minerals are found in various concentrations in many types of rocks
throughout the world. In Minnesota, a number of companies are exploring
two geologic formations in an attempt to locate a sizeable concentration of
these minerals. One of these geological formations is in the area that is
essentially north and west of the Mesabi Range, which is underlain by very
ancient early Precambrian volcanic rocks, including lava flows, sedimentary
rocks and granitic rocks. The'volcanic and associated sedimentary rocks are
comménly called '"greenstone belts" because of the distinctive green color
of most of the rocks. The other area is referred to as the Duluth Gabbro
Complex, a large body of basic rocks of late PrecamBrian age that extends
from Duluth in a great arc to the Arrowhead Country.

Minnesota's greenstone belts (Figure 2a) are known by analogy with
similar rocks in Ontario, Quebec, Manitoba and Wisconsin to be favorable for
the occurrence of deposits containing copper, zinc, lead, nickel, silver and
gold. Figure 2b illustrates the active mining areas in the Canadian green-

stone belts and the continuity of these belts across the international border.

- . To date, no significant mineral deposits have been discovered in Minnesota's

greenstone belts, but exploration is continuing, and it is probable that one

or more valuable deposits will be found eventually. In a recent study it was
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determined statistically that one ore discovery should be made in Minnesota's
greenstones every ten years. However, because Minnesota greenstone belts
have only recently and for the first time been explored, it is reasonable

to assume that the discovery rate in these areas may be twice this amount

for the next ten years.1 Figure 2c¢c illustrates the areas believed to be
explorable and their rated potential in regards to the greatest probability
of containing economic mineral deposits.,

In the Duluth Gabbro Complex (Figure 2a) copper-nickel mineralization
was discovered about 25 years ago in an area adjacent to the South XKawishiwi
River southeast of Ely and since 1965, a massive exploration effort has been
carried out by a dozen major companies. Large volumes of low-grade and mar-
ginal material have been discovered; it is felt that eventually it will be
economically feasible to mine these resources. Based on exploration to date,
- the United States Bureau of Mines lists the Duluth Gabbro Complex as this

2 as well as a significant domestic

country's largest nickel sulfide resource
copper resource.
The copper-nickel mineralization that has been discovered is in a zone

at or near the base, or the western edge, of the Duluth Complex. Occurrences

IThese results are based on a comparison study with Ontario which was se-
lected because of the similarity in geological environments. In order to
use the data derived from Ontario for projection into Minnesota, the rate
of discovery in Ontario was adjusted by a correction factor. This factor
was determined by comparison of the intensity of exploration in both areas,
which was based on the acres prospected since 1966. Results indicate the
intensity of exploration in Minnesota to be 10% of that in Ontario. Since
1966, it was determined that an average of one economic deposit per year
is discovered in Ontario. By taking 10% of Ontario’'s discovery rate would
give Minnesota a 0.1 greenstone discovery rate per year, or one discovery
every ten years.

2Kingston, G.A., F.V. Carrillo, J.J. Gray, P. McLeroy, Availability of U.S.
Primary Nickel Resources, Information Circular 8469, U.S. Bureau of Mines,
1970.
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ére known to be located on the northern limb of the Complex in Cook County;
in the area southeast of Ely, extending from Hoyt Lakes to Ely; and in the
area between Duluth and Hoyt Lakes. The segment between Hoyt Lakes and Ely
(Figure 2d) apparently contains higher grade mineralization and would almost
certainly be considered for development first. Copper and nickel minerali-
zation in this area occurs discontinuously along the basal part of the Com-
plex as lenses and layers that dip moderately to the southeast. The sulfide
minerals are disseminated irregularly in the rocks and local concentrations
of these minerals constitute a potential ore body. The following discussion
is a preliminary estimate of the copper-nickel resources in the Hoyt Lakes
to Ely segment of the Duluth Complex.

Using a cut-off grade, or lower mining limit, of 0.50 percent combined
copper and nickel and including only units of rock having a minimum thick-
ness of 50 feet, the Minnesota Geological Survey estimates a minimum of 6.5
billion tons of crude ore that has an average grade of 0.85 percent combined
copper and nickel. Assuming 100 percent recovery of the metals (copper and
nickel) and a price of 50 cents per pound for the metals (which is a gross
under-estimate), this material would have a value of about §55 Billion. Ex-
pressed in other terms, at the current rate of consumption of nickel, the
ﬁickel resources in the Duluth Complex would supply the world's needs for at
least 20 years. Also; at the current rate of consumption of copper, the copper
resources in the Duluth Complex would supply the world's needs for at least 5

years and the United States' needs for about 20 years .1

1sims, P.X., "The Geology and Potential for Copper-Nickel Deposits in Northern
Minnesota', Minnesota Geological Survey, from paper presented at Copper-Nickel

Symposium, August 26, 1972,
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If a lower cut-off of 0.25 percent combined copper and nickel is used
as the basis for estimating the resources (and a minimum thickness of 100
feet is used), the Minnesota Geological Survey estimates about 14 billion
tons of mineralized material having an average grade of about 0.58 percent
combined copper and nickel. Using the same assumptions for recovery as

above, this material would have a value of about $80 billion.1

1Sims, P.K., "The Geology and Potential for Copper-Nickel Deposits in Northern

Minnesota', Minnesota Geological Survey, from paper presented at Copper-Nickel
Symposium, August 26, 1972, _
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CHAPTER 3: BASE METAL MARKET POTENTIAL

An economic appraisal of thé outlook for base metals must first be
considered before any mining operations are initiated. The most vital factors
are supply-demand relationships, price fluctuations; and production capacities.
With this in mind, a review was made as to the market potential of copper,
nickel, zinc and sulfur as related to both domestic and world situations.
Although several variations of supply-demand figures may be found in the
literature, data and projections from 1970 Bureau of Mines reports were

selected for use in the following discussion.

COPPER!

Copper is utilized as a pure metal, alloyed with zinc to form brass, and
alloyed with tin to form bronze. Copper as a pure metal is used: as electri-
cal wiring for motors, transformers, generators and instruments; as copper and
brass tubing for plumbing and heat transfer; as sheet for roofing, gutters,
decorative applications, ordinance, and coinage; in copper énd alloy castings
and forgings for bearings, bushings, jewelry and mechanical parts; and in
chemicals for insecticides, pigments, and agriculture. The domestic demand for
copper is distributed among the following industries: electrical equipmenf

and supplies, 53%; construction, 16%; industrial machinery, 12%; transporta-

tion, 8%; ordinance, 6%; and miscellaneous uses, 5%.2
World copper production for 1970 was 6.6 million tons. U. S. production

for the decade 1961-1970 increased 48% with a pronounced drop in 1967 and 1968

due to the prolonged strike. However, domestic demand for primary copper

1Un1ess otherwise specified, the text, figures and tables were taken from:
Schroeder, H.J., '"Copper" Mineral Facts and Problems, interim report, U. S.
Bureau of Mines, January 12, 1972

2Fir5t Annual Revort of the Secretary of the Interior - the Mining and Minerals

Policy Act of 1970 (P.L. 91-631), U. S. Department of Interior, U.S.G.P.O.,
March, 1972
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duripg the last decade increased only 27%.

yInputs into the U. S. copper supply for 1970 include 70% from primary mine
production, 23% from old scrap and 7% from imports. Figure 3a shows supply-
demand relationships from 1970 and Table 3.1 shows figures for the decade
1961-1970. ' -

The forecasted demand for copper in the year 2000 is expected to range
from 5.5 to 11.3 million short tons. The most probable demand figure is 7.1
million tons. Gravitation toward the low of the forecast range could be
effected through the increasing prevalence of economically and technologically
preferred substitutes.

Copper demands for the rest of the world are expected to range from
16.8 million tons to 34.9 million tons in 2000. A summary of forecasted U. S.
and World demand is included in Table 3.2.

Based on the average 1570 price of copper (30.582/1b.) the projected
domestic reserves total to 81 million tons of recoverable copper. Arizona,
Montané, Utah, New Mexico and Michigan accounted for over 90% of the total-
reserves at an average grade of 0.86 percent copper.

For the rest of the world, the copper reserves at 1970 prices are esti-
mated to be 259 million tons. Seventy-three percent of this total may be
accounted for by Chile, U.S.S.R., Zambia, Peru, the Congo and Canada. The
remaining 27% is divided among Australia, Peoples Republic of China, Finland,
Iran, Japan, Mexico, the Philippines, Poland, Republic of Scouth Africa, Sweden
-and Yugoslavia. Table 3.3 shows an assessment of world copper resources
- recoverable at various prices.

1970 estimates of mine, smelter, and refinery capacities compared to pro-
duction for principal producing countries are included in Table 3.4. It is
readily discernable that in most all instances, production closely approached

capacities to the point of practical maximum limits of operation.
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Table 3.1 _ Copper Supply-Demand Relationships, 1961-1970
(thousand short tons)

1961 1962 1963 1964 1965 1966 1967 1968 1969 1970
World production - primary
Mine production:
United States-------cccmmmmonunn 1,765 1,228 1,213 1,247 1,352 1,429 954 1,205 1,545 1,720
Rest of World--memmmmmceeee 3,575 3,647 3,736 3,865 3,967 4,056 4,270 4,436 4,668 4,847
Total----cmommm e 4740 4,875 4,949 5,112 5,319 5,485 5,224 5,641 6,213 6,567
Components of U.S. supply (primary
and old scrap)
Refined production:- '
Domestic MINCS-e-mmc e 1,181 1,214 1,219 1,259 1,336 1,353 847 1,161 1,409 1,521
Old scrap----===-cmcmmmme e 164 172 163 186 214 242 190 231 284 278
Imports of ore, blister, etc.---- 309 398 377 396 376 358 286 276 274 244
Government stockpile releases------ 5 8 11 27 120 400 149 - - ---
Imports of refined----eomeoeoonanao 67 99 119 140 137 164 331 400 131 132
01d scrap (unrefined)----eeeeemanao 247 244 259 288 299 293 293 290 291 226
Industry stocks, Jan. l-----cec-a-- 554 510 537 527 467 498 602 507 563 541
Total U.S. supply-~=-=-cemmeueaan 2,587 2,645 2,685 2,823 2,949 3,308 2,698 2,805 3,012 2,942
Distribution of U.S, supply
Industry stocks, Dec., 3l-mmecmmenan 510 537 527 467 498 602 507 563 541 645
Exports (refined)------mmcmvmnnnano 429 337 311 316 325 273 159 241 200 221
Industrial demand------cmcmmcceaanno 1,648 1,771 1,847 2,040 2,126 2,433 2,032 2,001 2,271 2,076
U.S. demand pattcrn ‘
Elcctrical equipment--------ceomooo 733 773 804 941 1,028 1,178 1,113 1,046 1,193 1,101
Construction materials---v-veeuou-- 320 363 390 420 415 410 277 316 341 328
Industrial machinery----~wowe-- ———- 264 281 304 312 305 316 208 239 254 251
Transportation cquipment----------- 177 196 211 222 227 226 145 193 198 173
Ordnance---=-=mmommm e 72 70 46 43 45 182 188 164 172 119
Other---mmmm s e 82 88 92 102 106 121 101 103 113 104
U.S. primary demand (industrial
demand less old scrap)----=-==~~---- 1,257 1,355 1,425 1,566 1,613 1,898 1,549 1,540 1,696 1,572
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Table 3.2 - Summary of Forecasted U. S. and World Copper Demand, 1970-2000

(million short tons)

Probable
average annual

Prcbable growth-rate
1970 Forecast range 1985 2000 1970-2000
Low High (percent)
United States
Primary-----eecememme——ae 1.572 4.2 8.6 2.9 5.4 4.2
Secondary-------mmmmnmmaan .504 1.3 2.7 .9 1.7 4.2
Total-mommme e 2.076 5.5 11.3 3.8 7.1 4.2
Cumulative (primary)---- - 78.1 122.3 32.0 91.3 -
Rest of World
Primary-~--cmeem e 4.88 12.6 26.2 9.5 18.3 4.5
Sccondary-----ccmmmmcmean 1.62 4.2 8.7 3.1 6.1 4.5
Totaleoccmm e 6.50 16.8 34.9 12.6 24.4 4.5
Cumulative (primary)---- ——— 239.2 379.3 101.7 298.0 -——-
World
Primary--cememccemam e 6.452 16.8 34.8 12.4 23.7 4.4
-Secondary-----smmmme e 2.124 5.5 11.4 4.0 7.8 4.4
Total--emmmm e 8.576 22.3 46.2 16.4 31.5 4.4
Cumulative (primary)---- - 317.3 501.6 133.7 389.3 -
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Table 3.3 - Assessment of World Copper Resources
Recoverable at Various Prices
(million short tons of copper)

Price, constant 1970 dollars per pound
refined copper

0.582 1/ 0.70 0.80

North America:
Canada--===--mcccecmamaem 30 . 35 41
United States------——-=--- 81 83 108
Other----ccmmmmc e 11 13 15
Total-~--mem e 122 141 164

South America:
Chile----mcmomommmeme oo 56 64 75
Peru-—vmmmm e - 22 25 30
Other---cmcmmcmme e 1 1 2
Totglemmmome e 79 90 107

Europe
U.S.S.Rimmemmm e - 35 40 46
Other-----mcmecmcm e no 15 17 20
Totalememm e e 50 57 66
Africa:

Congo (Kinshasa)--------- 20 23 27
S Zambig----mmmmmm e 27 31 36
Other-—--=---mcmmm - 7 8 10
Total-=-=-=mmme e 54 62 73
Asia: Total--~---w---ceuce-n 24 .27 32
Oceania: Total------ocmcon-- 11 | 13 15
Total for World-------- 340 390 457

1/ Average U.S. delivered price in 1970.
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Table 3.4 - World Copper Capacity and Production, 1970
(thousand short tons copper)

Mine

Smelter

Refinery

Capacity Production Capacity Production Capacity Production

North America:

Canada--=-=cmecmm=-x 770 676 550 544 550 543
United States----- 1,850 1,720 1,900 1,641 2,720 l/ 2,210
Other-----acmmmeem 90 77 70 65 80 60
Total---e-memecm- 2,710 2,473 2,520 2,250 3,350 2,819
South America:
Chilercmccmma e 880 756 900 726 880 509
Peru-cemm e eiee e 250 234 210 194 50 . 40
Other--meemmee e 20 16 4 4 4 4
Total--mmmmec e 1,150 1,006 1,114 924 934 553
Europe:
U.S.S.R,=mmmmeeem 660 630 660 630 750 700
Other----cmecremaa- 400 377 670 605 1,760 1,660
Total-vmmmmmmeaam 1,000 1,007 1,330 1,235 2,510 2,360
Africa:
Congo (Kinshasa)-- 430 425 430 425 340 210
Zamhige-emmm e 840 754 850 754 700 €36
Other--eemmemceeme 280 241 240 224 110 99
fotal--emmmemae 1,550 1,420 1,530 1,403 1,150 945
Asis: Total---w--=- 520 500 980 943 1,050 945
Ocecania: Total----- 180 161 150 122 165 158
Grand Total----- 7,170 6,567 7,624 6,877 9,159 7,780

1/ Production at primary refineries consisting of 1,765 from primary material and
451 from secondary material.
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R Projected world copper mine, smelter, and refinery capacities through
1975 are shown in Table 3.5. Smelter capacities after 1971 are shown toc be
noticeably below mine capacity.

Copper prices have been subjected to severe fluctuation on the London
Metal Exchange (LME) and domestic markets. Table 3.6 below shows price

. . 1
comparisons in cents per pound: :

Table 3.6 Copper Prices

High Low Average
Domestic LME Domestic LME Domestic LME
1967 38.1 75.8 36.0 43.3 38.6 51.2
1968 42.1 87.3 38.1 46.3 42,2 56.1
1969 52.1 79.8 42,1 54.5 47.9 66.2
1970 60.1 81.5 53.1 45.9 58.2 63.0
1971 53.0 58.7 50.0 44.6 52.1 48.5

A breakdown showing the cost components of producing copper at the market price
for an open pit operation is as follows:
50% - initial mining operations
10% - ore beneficiation
10% - smelting
5% - refining
25% - markets and overhead (including profit)
An underground operatioﬁ should closely approach this breakdown except for an
adjustment increasing the percentage relating to initial mining operations.
Most economists predict that copper pricés will-continue to decline
gradually but will not go much below 50 cents per pound. It has been estimated
that 45 cents per pound is the absolute minimum price that could maintain

acceptable profitability for the industry. Economists feel that this is due to

3-8
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First Annual Report of the Secretary of the Interior - the Mining and Minerals

Policy Act of 1970 (P.L. 91-631), U. S. Department of the Interior, U.S.G.P.O.,
March, 1972.




Table 3.5 - Projected World Copper Capacity, 1970-1875

(thousand short tons copper)

3-9

1970 1971 1972 1973 1974 1975
North America:
United States
Mine-----meommeeeoo - 1,850 1,900 2,000 2,100 2,150 2,150
Smelter---e-mmeeemc-- 1,900 1,930 1,940 2,000 2,050 2,100
Refinery--------~--- 2,720 2,860 2,860 2,900 2,900 2,950
Other North America <
Mine--wmmmm e 860 930 1,200 1,250 1,250 1,250
Smelter-------vnvco-- 620 620 670 760 770 770
Refinery-~-=-------- 630 630 660 720 730 730
South America:
Minge--ecmoccmnao o= 1,150 1,300 1,400 1,450 1,450 1,450
Smelter------eemeaa- 1,114 1,160 1,210 1,300 1,300 1,300
Refinery-----aceoaonn 934 940 970 1,000 1,000 1,000
Europe:
Mine--=-—ccccmmcmnao- 1,060 1,110 1,200 1,300 1,400 1,450
Smelter------memoana 1,330 1,380 1,430 1,570 1,650 1,740
Refinery-----=-==c-= 2,510 2,670 2,760 2,900 2,980 3,030
Africa:
Ming-—-cmmeoeeaae o~ 1,550. 1,600 1,690 1,840 1,920 2,120
Smelter---vommemman- 1,530 1,620 1,640 1,690 1,770 1,810
Refineryv-----cooeooo 1,150 1,260 1,260 1,260 1,300 1,300
Asia:
Mine—--cecmcmamaaao 520 550 640 700 890 900
Smelter-e-cmommcnaaan 980 1,020 1,020 1,020 1,200 1,200
Refinery---------o-- 1,050 1,000 1,090 1,160 1,390 1,590
Oceania: '
Mine~mmwmooammeaa o 180 190 340 360 400 420
Smelter-----cooconao 150 155 160 160 200 200
Refinery---~--wceomo- 165 165 165 170 210 210
World Totals:
Ming----mmmocmaaa- 7,170 7,580 8,470 9,000 9,460 9,740
Smelter---mwee--oo- 7,624 7,885 8,070 8,500 8,940 9,120
Refinery---------- 9,159 9,585 9,765 10,110 10,510 10,810
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pro‘Tction costs which have increased rapidly in the past few years.

The current lag in copper prices is indicative of the surplus of copper.
This surplus is predicted for fhe remainder of the 70's and early 80's, however,
as the surplus is consumed, it is speculated that current domestic reserves will

be inadequate to compensate this nations' demands.

NICKEL1

Approximately 85% of the nickel consumed in the U. S. is in the form of
alloyed metal. Most of the remaining is used in electroplating. The principal
alloy forms in order 6f descending importance, measured by weight, are: stain-
less steel, high-nickel alloys, alloy steel, heat resistant castings, electrical
resistance alloys, grey iron castings, cupro-nickel, iron-nickel alloys, corro-
sion resistant alloys, cast bronzes and brasses, alloy steel castings, nodular
iron castings, nickel, siiver, and permanent magnets. Major end uses in 1970
were: Consumer products, 16%; machinery and transportation, 14%; automotive
products, 12%; electronic equipment, 9%; chemical processing plants, 8%; petro-
leum processing plants, 8%; other processing plants,‘7%; aircraft, 6%; and
energy conversion, architecture, marine applications, and coinage most of the
remainder.z

World mine production for nickel in 1970 totaled over 685,000 short tons.
Of this total, Canada produced 44%. International Nickel Co. (INCO), by far thé
world's largest nickel producer, turned out 85% of the total Canadian nickel.
During 1970, domestic nickel mine production totaled approximately 16,000 tons;
only 2% of the wofld total. The sole domestic producer of primary nickel is

The Hanna Mining Co. at Riddle, Oregon. In 1970, nearly two-thirds of the

1Unless otherwise specified, the text, figures, and tables were taken from:
Reno, Horace T.,'Nickel', Mineral Facts and Problems, interim report, U. S.

Bureau of Mines, February 10, 1972.

‘First fnnual Report of the Secretary of the Interior---the Mining and Minerals
Policy Act of 1970 (P.L. 91-631), U. S. Department of the Interior, U.S5.G.P.O0.,

March, 1972.




wor_ . nickel production came from underground sulfide deposits, the other third
came from open pit oxide deposits.

Secondary nickel dsrived from obsolete consumer goods, and from industrial
scrap, proved to be a significant element of supply.

Inputs into domestic nickel consumption for 1970 include 75% from imports,
'24% from scrap and 1% from mine output. Figure 3b shows supply-demand relation-
ships for 1970 and Table 3.7 shows figures for the decade 1961-1970.

Domestic demand for nickel in the year 2000 is predicted to reach 1100
million pounds. A further breakdown shows the components to be 770 million
pounds from primary production and 330 million pounds from secondary sources.
The rest of the world demand in 2000 is forecast to range between 1,500 to 2,175
million pounds. Forecasts for domestic and world nickel demands for 1985 and
2000 are summarized in Table 3,8.

An assessment of nickel reserves recoverable at prices ranging from the
1970 price of $1.33 a pound to $2.00 a pound is given in Table 3.9. A study by

the U. S. Bureau of Mines indicated that the nickeliferous laterite deposits

at Riddle, Oregon will be exhausted in 15 years at the present rate of production.

‘However, a Hanna Co. representative indicated that sufficient low-grade economic
resources have been developed and will substantially extend the life of the
opération. Furthermore, the Bureau of Mines lists Minnesota as having the
largest potential nickel sulfide resources in the United States.

Several low-grade laterite deposits in the tropical and subtropical areas
of the world are not included in Table 3.8 but could prove to be significant.
Similarly, the occurrence of nickel-bearing manganiferous nodules has been
reported to exist on the ocean floor in many areas throughout the world.
Research has revealed a large quantity of these nodules, and their econcmic

potential as a nickel supply for the long term could prove significant.
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Table 3.7 - Nickel Supply Demand Relationships, 1961-1970
(million pounds of nickel)
1961 1962 1963 1964 1965 1966 1967 1968 1969 1970

World mine production

United States-------ememeeann 22.4 22.4 22.9 24.4 27.0 26.5 29.2 30.3 31.2 30.6

Rest of World---eemmocmcmeaen 773.6  765.6. 725.1 793.5 909.5 853.7 960.5 1,065.6 1,033.9 1,339.7

Total-=mmommmmm e 796.0  788.0 748.0  817.9  936.5 880.2 989.7 1,095.9  1,065.1 1,370.3

Componcnts of U.S, supply ’

Domestic minEeS-—w=-emomoeaeonnn 22.4 22.4 22.9 24.4 27.0 26.5 29.2 30.3 31.2 30.6

Sccondary-=---cccmmmemmmanon 58.4 62.5 83.3 101.8 102.8 126.1 104.6 73.1 142.0 129.4

Net Government releasc------- 20.1 (6.3 6.7 5.7 32.6 207.2 46.6 6.3 8.6 4.2

ImpoTts-nmmmm o 254.0  246.0 238.0 258.0 326.0 282.0  285.2 287.4 251.5 305.1

Industry stock, Jan, 3l------ 22.7 36.6 26.9 34.4 34.4 28.1 89.0 79.3 74.5 63.9

Total U.S. supply-~------- 377.6  361.2  377.8 424.3 522.8 669.9  554.6 476 .4 507.8 533.2

Distribution of U.S. supply

Industry stock, Dec. 3l--we-- 36.6 26.9 34.4 34.4 28.1 62.6 69.1 74.5 63.9 112.0

EXPOTtS v 14.3 16.0 20.0 23.9 11.1 23.6 16.0 13.0 2.7 12.5

Industrial demand--------uou- 326.7 318.3 323.4 366.C  483.6 583.7  469.5 388.9 A441.2 408.7
U.S. demand pattern :

Industrial chemicals §

petroleum refining---------- 29.6 30.8 27.7 32.5 51.7 66.0 80.0 67.6 101.6 94.0
Fabricated metal products---- 25.9 25.8 25.1 31.¢€ 45.0 57.4 80.6 49.0 36.7 39.0
Transportation
Alrcraft and parts---------- 28.2 29.2 25.6 28.9 47.8 60.8 33.0 48.5 29.6 24.6
Motor vchicles § equipment--  48.5 53.8 50.9 54.4 76.7 72.9 47.7 440 46.6 49.1

Ship & Boat building §

TCPAITS = mmmm e mmmm e 10.7 11.2 9.5 10.7 18.2 23.4 14.7 18.2 17.0 12.2

lotal--=----mmmcmm e 87.4 94.2 86.0 94.0  142.7 157.1 95.4 110.7 93.2 85.9

Llectrical equipment--------- 34.5 37.2 31.7 34.0 56.9 69.3 40.3 40.4 59.4 53.1
Houschold appliances &

CQUIPMENtmmmm e e e - 30.0 31.8 29.6 33.7 49.8 57.9 36.7 36.3 26.8 26.5
Industrial machinery--------- 38.0 41.3 37.4 43.2 67.2 85.3 25.7 25.1 32.0 30.3
©oootfynetion materials-e----- 10.9 10.2 8.9 13.5 19.6 27.5 22.0 20.0 31.7 39.0

R e e e 70.4 47.0 76.0 83.5 50.7 63.2 88.8 39.2 59.8 40.9

U.S. primary demand------------ 2068.3 255.8 240.1 264.2 380.8 457.6  364.9 315.8 299.2 311.4
1/ 9.8 million pounds exported; 22.% million pound incrcase in stocks.

£i-¢



Table 3.8 - Summary of Forecasted U. S. and World
Nickel Demand, 1970-2000
(million pounds)

Probable

2000 average annual
Forccast range - Probable growth-rate
Low High 1985 2000 1970-2000
(percent)
United States
Primary---=-=-=-==-=----- 311.4 640.0 910.0 492.2 770.0 3.1
Sccondary----—-=-nmmmu- 97.3 255.0 385.0 180.4 330.0 4.2
Total------mmmmeem- 408.7 895.0 1,295.0 672.6 1,100.0 3.4
Cunulative (primary) - 13,523.0 16,455.0 5,835.0 15,058.0 -
Rest of World
Primary------ B 923.6 1,150.0 1,660.0 1,224.9 1,600.0 1.9
Sccondary--~-emmmcmmmnn 190.0 350.0 515.0 279.2 400.0 2.5
Total--=-memmoeme e 1,113.6 1,500.0 2,175.0 1,504.1 2,000.0 2.0
Cumulative (primary) - 30,702.0 37,469.0 15,858.0 36,896.0 -
World
Primary----w-====-=oo-- 1,235.0 1,790.0 2,570.0 1,711.7 2,370.0 2.2
Sccondary-------=~--r-~ 287.3 605.0 900.0 460.8 730.0 3.2
Total-mmmmmmommmmmm e 1,522.3 2,395.0 3,470.0 2,172.5 3,100.0 2.4
Cumulative (primary) - 44,225.0  53,924.0 21,693.0 51,954.0 -

vi-¢
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Table 3.9 - Assessment of World Nickel Resources
Recoverable at Various Prices
(million pounds of nickel)

Price, constant 1970 dollars per pound
of primary metal

1.3%3 1/ 1.50 1.75 2.00
North America
United States------wmm—una- 400 450 1,000 1,100
Canada-~---=-cmmomom e 12,600 16,000 20,000 25,000
Totalewmmmm e 13,000 16,450 21,000 26,100
Central America and
Caribbean Islands
Cuba-wmmmm e e oo 8,400 20,000 32,000 36,000
Dominican Republic-----~--- 1,800 1,800 1,800 1,800
Guatemala~----=---v=omu-nw 1,000 1,800 1,900 2,000
Puerto Rico------=ceeo--o- -—- _— 100 200
Total-=ccmccmmmma oo 11,200 23,600 35,800 40,000
Europe
U.S.S.Rimmmmm e 20,000 20,000 20,000 20,000
Asia
Indonesjia----vccmcmmamame- 7,400 10,000 13,000 16,000
Philippines------=-ccmmum- 9,000 18,000 30,000 60,000
Total---==-cmmm e o 16,400 28,000 43,000 76,000
Oceania
Australig-----=--cmmemmaen 1,000 2,000 4,000 4,000
New Caledonig-----=w-mmen- 30,800 31,000 32,000 33,000
Total----=v=nuv-- ——————— 31,800 33,000 36,000 37,000
Total for World 2/------ww-- 92,400 121,050 155,800 199,100

1/ Yearend U.S. price in 1970

2/ Excludes small quantities of reserves in Brail, Rhodesia, Republic of

" South Africa, and Burma, and an unknown quantity of low-grade later-
ites that exist in tropical and semitropical areas of the world. Also
excludes nickel associated with copper deposits in Botswana.
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Tables 3.10 and 3.11 show production capacities for 1970 and the period
1970-1975 respectively. For 1970 nickel production pushed the capacity limits
in all parts of the world. In Canada, capacity is limited by mine output which
at present is equalled by smelter capacity, however, planned expansions of
smelter and refining capacity will lead and surpass scheduled increases in mine
capacity.

Other expansion plans are in the offing in Greece, U.S.S5.R., Australia,
Philippines, Indonesia, Columbia, and Brazil.

Nickel prices have been characterized by remarkable stability over the
past 50 years, however, the real price was raised ebout 20 percent in the
early 1950's, and again raised 10 percent late in the 1960's. The quoted price
was again raised 4% in 1970 to $1.33 per pound. Many economists predicted a
price stabilization or even a decline due to the projected oversupply. However,
on September 4, 1972, INCO announced an increase of 20 cents a pound in its price
of electrolytic nickel. INCO said that the increase to $1.53 per pound wos
necessitated by rising production costs including wages and higher costs of all
supplies and services. Table 3.12 below shows producer prices per pound for the

years 1967-1971.1

Table 3.12 Nickel Prices

Domestic and Foreign

High Low Average
1967 $0.94 $0.85 1/4 $0.87
1968 1.03 0.94 0.94
1969 1.28 1.03 1.05
1970 1.33 1.28 1.29
1971 1.33 1.33 1.33

First Annual Report of the Secretary of the Interior - the Mining and Minerals
Policy Act of 1970 (P.L. 91-631), U.S. Department of the Interior, U.S.G.P.O.,
March, 1972.




Table 3.10 - World Nickel Production and Capacity - 1970
(thousand pounds - nickel content)

Nickel
Capacity Production
North America
United States------ecmommmmmaeaoan 30,638 30,638
Canadg----m-omommmi e 620,000 610,592
Totalemmmmm e 650,638 641,230
Central America § Caribbean Islands
CUbA- - mmmm e e 77,600 77,600
Europe
Poland----cmoomm e 3,300 3,300
U, S.S.Rimmmmm e e - 242,000 242,000
Other 1/----m-momomcmcmm oo 30,000 29,920
Total-------- e 275,300 275,220
Oceania
Australia---------mmm oo 62,000 62,000
New Caledonia----~-=-coomomma e 240,000 232,286
Total--vvomm e o 302,000 294,286
Other 2/---wccmoommmce e 82,000 82,036
Grand total-~----cccoommnooo 1,387,538 1,370,372

1/ Western Europe, principally Greece,

2] Includes Brazil, Morocco, Rhodesia, Republic of South Africa,

Burma, and Indonesia.



Table 3.11 _ Projected World Nickel Production Capacity, 1970-1975
(thousand pounds - nickel content)

1970 1971 1972 19073 1974 1975
North America
United StateS----mmemmmmmmm e 30,638 30,000 30,000 30,000 30,000 30,000
Canada-cmc s 620,000 676,000 700,000 700,000 710,000 720,000
Central America § Caribbean Islands
Cubammmmm e e e e e 77,600 60,000 50,000 40,000 40,000 40,000
Dominican Republic-~-=-==mcceeeaao- -—- 24,000 50,000 50,000 60,000 60,000
Cuatemalag-mmcr e e e P —— ~— - 30,000 60,000
Europe~-m—mm e e 275,300 295,000 313,000 323,000 333,000 343,000
OCCaniaemmmme e m e e e e 302,000 230,000 SS0,000 410,000 430,000 430,000
Other 1/--memomm e 82,000 90,000 90,000 90,000 20,000 100,000
World total---cemoomemmemee 1,387,538 1,499,000 1,583,000 1,643,000 1,723,000 1,783,000

1/ Includes Brazil,

Morocco, Rhodesia, Republic of South Africa,

Burma, and Indoncsia.



Investment opportunities, to develop nickel deposits in Canada, Aus-
tralia and New Calddonia are enhanced by the stability of their governments,
Conversely, the Governments of many of the countries in tropical and sub-
tropical regions where the laterites occur are characterized by instability and

inhibit long term investment in mineral deposits.

z1xc!

Domestic uses for zinc are delineated as follows: zinc-base alloys
(32%) principally for die castings; in galvanizing (27%) for corrosion pro-
tection of iron and steel; in brass and bronze alloys (21%) for sheets, rods
and strips; as rolled (3%) for battery cases, lifhographic plates, and
architectural applications; in zinc oxide (12%) principally for rubber, pig-
ment, sensitizing paper for photocopying and chemicals; and miscellaneous
(5%) for zinc dust, other alloys, plant and animal nutrition, rayon, wood treat-
ing, and fungicides.2

World and domestic mine production figures for the decade 1861-1970 are
shown in Table 3.13. Furthermore, domestic éinc supply-demand relationships
for 1970 are shown in Figufe 3c.

Total zinc supply for the United States in 1970 consisted of: domestic
mine production, 33%; secondary zinc recovered from old scrap, 7%; imports of
metal and compounds, 18%; zinc produced from imported ores, 32%; and industry
stocks, 10%. |

The probable demand for zinc in the U. S. is forecasted to be 3.3 million
tons in the year 2000, Of course: the demand for zinc will depend largely on

the price relationship to alternate materials. Aluminum and plastics are

competitive with zinc in many applications.

Uniess otherwise specified, the test, figures and tables were taken from:
McMahon, Albert D., "Zinc", Mineral Facts and Problems, interim report,
U. S. Bureau of Mines, February 1, 1972,

2First Annual Report of the Secretary of the Interior-the Mining and Minerals
Policy Act of 1970 (P.L. 91-631), U.S. Dept. of the Interior, U.S.G.P.0.,

March, 1972.
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‘Table 3.13 - Zinc Supply Demand Relationships, 1961-1965
(thousand short tons - zinc content)

1961 1962 1963 1964 1965
World production
United States------------ 464 505 529 575 - 611
Rest of World------------ 3,381 3,425 3,507 3,865 4,130
Total---~--~—-=-omcmn- 3,845 3,930 4,036 4,440 4,741
Components of U.S. supply
© Domestic mines-------=--- 464 505 529 575 611
From scrap - old--------- 59 62 63 68 82
Net Government release--- -—- - -— 76 192
Imports, metal----------- 128 142 145 118 153
Imports, ore-----=------- 416 467 373 357 428
Imports, compounds------- 9 2 12 8 11
Industry stocks, Jan. 1-- 256 244 225 145 140
Total U.S. supply----- 1,332 1,432 1,347 1,347 1,617
Distribution of U.S. supply ‘
Industry stocks, Dec. 31- 244 225 145 140 179
Exports, metal----------- 50 36 34 27 6
Exports, compounds------- 2 2 2 2 ‘2
Industrial demand-------- 1,036 1,169 1,166 1,178 1,430
U.S. demand pattern
Metal
Construction materials
Galvanized products---- 203 230 229 231 280
Plumbing & heating ’
fixtures---------=----- 142 160 160 161 196
Total------=-=--omommmn 345 390 389 392 476
Transportation equip- .
. Mment-----m-mo e 244 275 274 277 336
Electrical equipment---- 122 138 137 138 168
Industrial machinery---- 91 103 103 104 126
Other---=-—-mcmmmmmmn e 112 126 126 126 154
Total metal--~---==w-- 914 1,032 1,029 1,037 1,260
Nonmetal (zinc oxide,
C1,8Cy)-=--mr-mmmmmmmmm 122 137 137 141 170
Construction materials,
(paints, ceramics)----- 34 37 37 34 36
Transportation equipment
{rubber)-------=-mmeea- 61 71 70 75 93
Industrial chemicals" :
(chemicals & photocopy) 2 3 3 3 12
Other-----ccommmmme e - 25 26 27 29 29
Total nonmetal-------- 122 137 137 141 170
U.S. primary demand-------- 977 1,107 1,103 1,110 1,348

U.S. demand for primary
metal-—--cc e - 855 970 966 969 1,178




Table 3.13 (con't.) - Zinc Supply-Demand Relatiocnships, 1966-1970

thousand short tons - zinc content)

1966 1967 1968 1969 1970
World production
United States------------ 573 549 529 553 534
Rest of World------------ 4,388 4,769 4,970 5,274 5,527
Total--cmmmocc e 4,961 5,318 5,499 5,827 6,061
Components of U.S. supply
Domestic mines------~----- 573 " 549 529 553 534
From scrap - old--------- 86 80 80 82 72
Net Government release--- 101 14 38 18 1
Imports, metal----------- 278 222 305 325 270
Imports, ore------------- 521 534 543 602 526
Imports, compounds------- 13 13 15 15 14
Industry stocks, Jan. 1-- 179 194 184 167 168
Total U.S. supply----- 1,751 1,606 1,694 1,762 1,585
Distribution of U.S. supply '
Industry stocks, Dec. 31- 194 184 le7 168 205
Exports, metal---=--vw--- 1 17 33 9 -0
Exports, compounds------- 3 3 3 3 6
Industrial demand-------- 1,553 1,402 1,491 1,582 1,374
U.S. demand pattern
Metal
Construction materials
Galvanized products---- 305 276 292 310 267
Plumbing & heating
fixtures-------------- 213 192 204 216 186
Total-  wr-mmmm e 518 468 496 526 453
Transportation equip- '
ment----=r-=commemmme 366 330 351 372 321
Electrical equipment---- 183 165 175 186 160
Industrial machinery---- 137 124 131 139 120
Other-----=--m-mmmoeemo- 167 151 161 171 147
Total metal 1,371 1,238 1,314 1,394 1,201
Nonmetal (zinc oxide,
C1,SCy)-====rmrmmmmmm e 182 164 177 188 173
-Construction materials
(paints, ceramics)----- 36 31 30 30 28
Transportation equipment
(rubber)---------meuu-- 98 85 92 98 Q0
Industrial chemicals
(chemicals § photocopy) 22 30 37 43 39
Other-------=-----cucmoo- 26 18 18 17 16
Total nonmetal 182 164 177 188 173
U.S. primary demand 1,467 1,322 1,411 1,500 1,302
U.S. demand for primary----
metal 1,285 1,158 1,234 1,312 1,129
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For the rest of the world, the most probable predicted demand for 2000
is 10 million tons. Table 3.14 illustrates the forecasts for the U. S. and the
vorld,

Based on the 1970 prices of zinc, U. S. Reserves are estimated to be 30
nillion tons. This figure has dropped nearly 4 million tons in the past two
years due to the clesure of a number of mines in 1970 and 1971. Extensive poten-
tial reserves exist in the zinc producing areas of the U. S. and would surely
be developed under the incentive of a growing demand accompanied by price
increases.

World reserves outside of the U. S. are estimated to be 101 million tons.
Potential areas for the development of additional reserves are in Australia,
Canada, Peoples Republic of China, Ireland, Mexico, Morocco, Peru, Territory
of South-West Africa, U.S.S.R., and Yugoslavia. Table 3.15 shows an assessment
of world zinc resources estimated to be recoverable at various prices.

Projection of world zinc production capacities through 1575 for the major
producing countries are shown in Table 3.16. In 1970 the world zinc industry
operated at near capacity and increased production over the last decade
reflected development of new resources and the enlargement of existing operations.
In the U. S. mine and metal producing capacities are depressed due to the
closing of mines, smelters, and refineries. Existing plants have the problem
of outdated processes aﬁd equipment, sharply rising costs, and more costly

raw material.



Table 3.14 - Summary of Forecasted U. S. and Forld
Zinc Demand, 1970-2000
(thousand short tons)
Probable
2000 average-ann.
Forecast range Probable growth-rate
1970 Low High 1985 2000 1970-2000
(percent)
United States
Metal
Primary-—--ceeomnuo 1,129 1,800 3,400 1,600 2,700 2.9
Secondary------=---- 72 100 300 100 200 3.5
Total-m--mcmeno- 1,201 1,900 3,700 1,700 2,900 3.0
Nonmetal
Primary------------ 173 200 500 220 400 2.8
Total U.S.
Primary-~--v--eeeo-ux 1,302 2,020 3,900 1,820 3,100 2.9
Secondary--~-~--~-~ 72 100 300 100 200 3.5
Total---w-=-m-nx 1,374 2,120 4,200 1,920 3,300 3.0
Cumulative (primary) - 49,000 69,500 . 24,000 61,000 ---
Rest of World
Metal .
Primary-----«=-«--- 3,442 5,800 8,800 5,200 7,900 2.8
Secondary----=-~-~-- 400 400 1,000 560 800 2.3
Total-=mwmmmm=m- 1,842 6,200 9,800 5,760 8,700 2.8
Nonmetal
Primary---=-ww=nm-= 500 700 1,700 1,080 1,300 3.2
Total Rest of World
Primary----~=~==--~ 3,942 6,500 10,500 6,280 5,200 2.9
Secondary---~------ 400 400 1,000 560 800 2.3
Total----=c-nmmn 4,342 6,900 11,500 6,840 10,000 2.8
Cumulative (primary) - 152,600 196,900 72,500 186,000 -
World
Metal
Primary------=-===~ 4,571 7,600 12,200 6,800 10,600 2.8
Secondary-~-~-~----- 472 500 1,300 660 1,000 2.5
Total-~--c=cnu-m 5,043 8,100 13,500 7,460 11,600 2.8
Nonmetal ‘
Primary------------ 673 920 2,200 1,300 1,700 3.1
Total World
Primary------------ 5,244 8,520 14,400 8,100 12,300 2.9
Secondary-------~-- 472 500 1,300 660 1,000 2.5
Total 5,716 9,020 15,700 8,760 13,300 2.8
Cumulative (primarv) --- 201,600 266,400 96,500 247,000 ---




Table 3.15 _ Assessment of

World Zinc Resources

Recoverable at Various Prices

(million short tons

, zinc content)

Price, constant 1970 cents per pound
prime Western :zinc, E. St. Louis

Illinois
15 1/ 20 25
- North America
United States
States east of Mississippi River--- 20.00 23.0 28.0
Arkansas, Kansas, Missouri
Oklahoma, Texas----=-memcmmoenm- 5.00 6.0 8.0
Arizona, Colorado, New Mexico,
South Dakota, Utsh, Wyoming------ 3.00 5.0 6.0
California, Nevada---==-ceomueanan- .32 1.0 2.0
Idaho, Montana, Oregon, Washington- 1.65 4.0 5.0
Alaskarcmmmmmm e e .03 1.0 1.0
Total United States-------nocu---- 30.00 40.0 50.0
Canada e e 34,00 55.0 75,0
MeXico-mmommmmc e e 4,00 5.0 7.0
Total North America---------co--=-= 68.00 100.0 132.0
Central America-----vcomcmmmmm e 2.00 3.0 3.0
South America-----mommm e 8.00 10.0 15.0
Europe (free world)-----eomommmmanonna- 14.00 20.0 25.0
Europe (communist)---------w-cconomonno 14.00 20.0 30.0
Africa- - 6.00 10.0 15.0
Asia (free world)------cmmommmmm e 7.00 8.0 10.0
Asia (communist)---=-==-mmmmmm o ~ 3.00 4.0 5.0
Oceanig----=-m-mommm e 9.00 18.0 25.0

Total outside North America------- 63.00 93.0 128.0

Total World-------mmommmmmr e 131.00 193.0 260.0

1/ Average U.S. price was 15.32 cents per pound in 1970.

L3 ]

(3]

tr

J



. Table 3.16 _ Projected World Zinc Production Capacity, 1970-1975
. (thousand short tons - zinc content)

1970 1671 1972 1973 1974 1975

United States

Mine--eocomcanaa 650 600 600 600 600 600

Metal----c-vc--- 1,160 900 775 700 700 700
Canada

Mine--—--—-ceo--n 1,500 1,600 1,600 1,700 1,700 1,700

Metal-mmmemmnnn- 525 525 635 635 635 635
Mexico

Mine----ceemonuo 200 300 300 300 300 300
- Metal---mmmmem oo 90 90 90 200 200 200
Other North America

Mine--cmmmmomem oo 25 25 25 25 25 25
South America

Mine--cemccneenn- 510 510 520 520 550 550

Metal---cmmmemea 138 140 140 160 160 160
West Europe

Mine-eemmeemenaaa 795 800 800 800 800 800

Metal rmm e e 1,775 1,800 2,000 2,000 2,000 2,000
East Europe

Mines-cwecmomaeaa 1,280 1,250 1,300 1,300 1,300 1,300

Metal---m-mmvwmmn 1,41C 1,450 1,500 1,500 1,500 1,500
Africa i

Mine-comcmei e 406 450 450 -500 500 500

Metal----mmmmme - 190 200 240 240 240 240
Asia (free world)

Mine--eem e 520 400 400 450 450 450

Metal-----oa-mnwn 880 1,000 1,100 1,200 1,200 1,200
Asia (communist) ‘

Mine--=--cmmomean 280 260 300 300 300 300

Metal---moeoemmun 240 170 200 200 200 200
Australia

Ming-e-emmmmm e 600 650 650 670 - 670 670

Metal-cmmmme e 300 320 380 380 380 380

Mine-----mmmmnno- 6,866 6,845 6,945 7,165 7,195 7,195
Metalem-mmoommom- 6,708 6,595 7,060 7,215 7,215 7,215




Table 3.17 below shows price comparisons in cents per pound for the

domestic market and the London Metal Exchange (LME)I:

Table 3.17 Zinc Prices

High Low Average
Domestic ILME Domestic  LME Domestic LME
1967 14.50 12.80 13.50 11.88 13.85 12,37
1968 13.50 12.17 13.50 11.67 13.50 11,99
1969 15.50 14,04 13.84 12,10 14,65 12,96
1970 15.50 13.72 15.00 13.00 15.32 13.42
1971 17.00 16.60 15.00 12.353 16.14 14,01

The greatest uses for zinc, galvanizing and die casting, are subjected
to substitutions by improved paint, aluminum and plastics when favored by a

price advantage.

SULFUR2

Sulfur markets would not appear to be an important concern in base metal
mining. However, sulfur is an important marketable component of the ore minerals
as well as the gangue or nonvéluable associated minerals such as pyrite and
pyrrhotite. The following table lists the average percentage by weight of

sulfur in the minerals that may be mined in Minnesota:

Mineral » % Sulfur
Chalcopyriﬁe (Copper-Iron Sulfide) 35.0%
Pentlandite (Nickel Iron Sulfide) 36.0%
Sphalerite (Zinc sulfide) : 33.0%
Pyrite {Iron Sulfide) 53.4%
Pyrrhotite (Iron Sulfide) 39.6%

First Annual Report of the Secretary of the Interior-the Mining and Minerals
Act of 1970 (P.L. 91-631), U. S. Department of the Interior, U.S5.G.P.O.,
March, 1972,

2 ; . - e .

Unless otherwise specified the text, figures and tables were taken from:
Merwin, Roland W., “Sulfur'", Mineral Facts and Problems, interim report, U.S.
Bureau of Mines, December 7, 1971.




This sulfur would be produced as by-product sulfuric acid as a result of the
treatment of smelter stack gas should a smelter be erected.

Most sulfur (90 percent) is converted to sulfuric acid prior to end use.
Agricultural chemicals account for 50 percent of demand. Together, plastic and
synthetic products, paper products, paints, nonferrous metals production, and
explosives account for an additional 24 percent of demand. Other uses are very
widespread, as most products produced by industry require sulfur in one form or
another during some stage of their manufacture. !

In 1970, domestic sulfur was produced at 149 operations; as native
(Frasch)z, 74 percent; recovered elemental, 15 percent; smelter acid, 6 percent;
and pyrites and other forms, 5 percent.

Figure 3d shows supply-demand relationships for 1870.

Domestic demand is forecast to increase at an annual rate of 4 percent.
Table 3.18 shows a summary of domestic and worid demand projected to the year
2000.

An assessment of commercial sulfur resources in the U. S. and the rest of
the world which would be available, with present technology, and at various
price levels, is shown in Table 3.19.

Sulfur production may be divided into three phases. Phase I is marked by
a steady rate of production of primary sulfur by the Frasch process. During this
period production was regulated by demand. Phase II, including the period up to
the present, shows increased growth in production. The increase is attributed to
significant contributions from recovery type or "by-product' sources. The
controlling factors during this pericd were consumption and energy demand. The

increased demand for energy starting in the early 60's lead to exploitation of

IFirst Annual Report of the Secretarv of the Interior-the Mining and Minerals
Policy Act of 1970 (P.L. 91-631), U. S. Department of the Interior, U.S.G.P.O.,
March, 1972,

2A process for mining sulfur in which super heated water is forced into the sulfur
deposits for the purpose of melting the sulfur. The molten sulfur is then pumped
to the surface.
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Table 3.18 - Summary of TForecasted U. S. and World
Sulfur Demand, 1970-2000
(million long tons)
Probable
2000 average annual
1970 Forecast range Prcbhable growth-rate
Low High 1985 2000 1970-2000
{pcrecent)
United States :
Total-—--memememm- 9.1 23.0 37.0 16.5 30.0 4.1
Cumulative-«------ -— 456.8 611.1 190.5 536.4 --
Rest of World
Total---mmemmemam 27.9 85.0 125.C 54.1 105.0 4.5
Cumulative--~--- - - 1,565.5  1,989.1 607.0 1,785.0 --
World
Totaleeeommm e 37.0 108.0 162.6 70.6 135.0 4.4
Cumulative----~--- - 2,022.3  2,600.2 797.5 2,321.4 -~




Table 3.19 - Assessment of World Sulfur Resources Recoverable at Various Prices

(million long tons)

Price, constant 1970 dollars per long ton of sulfur

Mincd 1/ Recovered 2/ Total '~
25 3/ 35 45 5 25 35 45 55 25 35 45 55
North America
United States--~~----=~~~- 40 140 710 1,770 35 95 155 155 75 235 865 1,925
Canada--=memm e 5 10 305 1,075 380 780 1,175 1,175 385 790 1,540 2,250
MeXICCm e 10 40 130 305 5 15 20 25 15 55 150 330
Other--mmomm e 2 - 20 65 - - - - - - 20 65
Totalecmmmmeme e 55 190 1,225 3,215 420 890 1,350 1,355 475 1,080 2,575 4,570
South Amcrica~--mmeocmmmaan 10 20 13 370 20 55 90 90 30 75 225 460
Europe
U.S.S.Rimmmmmmmmm e o 15 35~ 150 365 15 35 50 60 30 70 200 425
Poland----wemommm e 15 35 75 125 - 5 15 20 15 40 90 145
France---—-----mmevencoonn - - 95 290 20 60 65 65 20 60 160 355
SPain-==-mmmm e 10 20 105 275 - - - - 10 20 105 275
Italy-==cmmm e 5 10 75 205 - 5 5 ) 5 15 80 210
Germany----=--==-=-=o--—- - - 35 a5 5 10 15 20 5 10 50 115
Finland----mrmemmcee e 5 10 i5 20 - - - - 5 10 15 20
Other-=-=-==mmmmmmmemm e - 10 20 160 455 5 15 30 35 15 35 190 490
Total---===mommmmmm e 60 130 710 1,830 45 130 180 205 105 200 890 2,035
Africa---mememmmmmm e 5 i0 140 400 10 29 30 30 15 30 170 430
Asia
China=-=-=-==memm e e e o 5 10 75 200 30 45 55 69 35 55 130 260
Japan--==----cmmmmmm oo 10 20 55 130 30 50 65 80 40 70 120 210
Near Last------=-==-=w--- 5 10 85 230 450 . 680 765 770 465 690 850 1,000
Other-=====-===-m=mmmm - - 70 205 30 50 60 65 30 50 130 270
Total--==-r=mmommm e 20 40 285 765 550 825 945 875 570 865 1,230 1,740
Oceanig---===-~=-==--o-u—- - - 50 155 5 15 20 25 5 15 70 180
Total for World------- 150 390 2,545 0,735 1,050 1,935 2,615 2,680 1,200 2,325 5,160 9,415

1/ Includes Frasch, pyrites, native ores, and gypsum.

2/ Includes petrolcum, natural gas, and nonferrous
smelters,

3/ Average 1970 pricec of elemental sulfur (Frasch and

recovered) was $23.15 per long ton f.o.b.

minc/plant.
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Can. a's sour gas fields which contained as much as 50% H,S from which the sulfur
was recovered. Since 1969, and into the future, the demand for sulfur will
continué to lag significantly behind production. Phase III illustrates the
future period in which the involuntary production of sulfur will be necessitated
by imposed environmental guality regulations. There are two different environ-
mentally related sources of sulfur available; 1) from desulfurization of
materials before their use; and 2) desulfurization of effluents after use or
processing. Thus, sulfur production in the future will be largely regulated by
energy demand through fossil fuel combustion power plants.1 If anticipated,
environmental-related production materializes, it will inevitably become the
major source of supply, or even create an oversupply in itself. Table 3.20
illustrates the current and projected production of sulfur from various sources.
Since there is little hope of avoiding a surplus of sulfur the only alternative
to the problem appears to be incorporating sulfur into new and move diversified
uses.

Table 3,21 below shows average delivered prices of elemental sulfur per

2

long ton for 1967-1971:

Table 3.21 Sulfur Prices

1967 $33
1968 $40
1969 $27
1970 $23,
1971 $18”

*®
preéliminary

Unless pricing and production restraints are initiated, the price of sulfur

should continue to drop.

lRaymont, M.E.D., "Sulfur Sources and Uses-Past, Present and Future' Canadian
Mining and Metallurgical Bulletin, November, 1972,
9
&

First Annual Report of the Secretary of the Interior-the Mining and Minerals
Policy Act of 1970 (P.L. 91-631), U. S. Department of the Interior, U.S.G.P.O.,
March, 1972.




Table 3.20 - Coproduct Sulfur Production and Potential for 1970 and 2000
‘thousand long tons)

1970 2000
Petential Forccast Potential
Production Capability Producticn Capability
Coal-mmmmmom e -- 9,233 10,700 21,430
Petrolecum----u-u- rmmm 921 4,535 6,000 10,273
Natural gas---------—-~-- 659 700 3,300 3,500
COPPOT-mmmmmmmmmmmmm e m 533 2,009 4,680 5,101
ZiNCmmmmmm e m e 291 391 160 179
Lead--==-mmommm e 27 20 20 104
Other metal sulfurs------ 36 60 70 80
Totalemmommmmmmee oo 2,467 17,018 25,000 40,757




The sale of sulfuric acid is not only limited by the demand, but alsc by
the distance to market. Sulfuric acid is expensive to ship and store, so
unless a nearby market is available, it would have to be produced and stored as
elemental sulfur,

In Minnesota, the demand for sulfur and sulfuric acid is quite limited.
However, exploration has shown substantial reserves of titaniferous magnetite,
and more recently during copper-nickel exploration, titanium has been found
north of Duluth in the Duluth Gabbro Complex. If these deposits were to be mined,
sulfuric acid would be required for processing.
COMMENTS

Table 3.21 summarizes the present supply-demand relationships for copper,
nickel and zinc in the United States assuming the historical rate of growth in
demand continues.

It is quite obvious that this nation's self-sufficiency in regard to base
metals is in jeopardy. Unless issues relating to veclamation, waste disposal
and pollution are resolved without excessive increases in operating costs, the
competitive position of U. S. supplies will deteriorate sharply. Improved methods
of recovering metals from what is now called waste should be effected in all
phases of mineral processing. Furthermore, except for a few dissipative uses,
much of the metals (especially copper) used adds to a '"reserve" that is ultimately

recoverable,.

RECOLMENDATTON :

Mere efbicient and Less wasteful use of metals, including extensdion o4
pheduct Liketine and recucling, should be encoutraged To slew the nate of ghewth
An demand.  Funds should be sought to provide fox nestearch fo effectuate this

recemmendaticn; consdideration sheuld be given Lo wtildizing a pertion of the

present Liceme o IRRRC fuom minesal Zaxes,



" Table 3.22

Summary of Projected U. S. Supply-Demand Relaticonships
U.S. PRIMARY U.S. PRIMARY
YEAR pEaND PRODUCT TON2
Million Short Tons Million Short Tons
1970 1.6 1.7
COPPER 1985 2.9 N.A.
2000 5.4 2.4
Million Pounds Million Pounds
1970 311.4 30.6
NICKEL 1985 492,72 60.0
2000 770.0 84.9
Mi1lion Short Tons Million Short Tons
1970 1.3 0.5
ZINC 1985 1.8 0.5
2000 3.1 0.5

1y.s. Primary Demand refers to the projected requirement for the metal as
derived solely from domestic mine production.

2y.8. Primary Production refers to the projected supply of the metal that
can be derived strictly from mine production based on historical trends.

(O3]
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REC™"MENDATION::

a4

The mineral policy enceutraging exploralion and development ¢4 mineral

rnesources should be continued for the present.






CHAPTER 4: BASE METAL OPERATIONS - SEQUENTIAL DEVELOPMENT

The lack of specific projects (as is the case with the Gabbro Formation)
ang ore discoveries (in the case of the Greenstone Formation) makes 1t diffi-
cult to take more than a cursory look at the potentiai environmental, social
and economic implications a possible base metal industry may have on Minnesota.
To provide a study base, it was decided to consider each mining phase from
exploration through termination in general. Then by establishing two models,
one for the greenstone and one for the gabbro, an attempt is made to evaluate
some of the major environment2] and economic considerations in more detail,

Table 6.1 (Enclosed in pocket) although specifically designed to outline
environmental concerns,rlists the possible phases that could be involved in
a possible operation. Basic steps involved in any mining operation include:
(1) exploration, to discover an ore body; (2) development, to delineate and
prepare the deposit for mining; (3) operations, including mining, beneficiation,
extraction and refining; (4) termination, to remove buildings, roadways, railway
lines, etc., to revegetatevthese areas to conform with the surrounding environment,
and to make safe, and where necessary inaccessable, all pits, openings, and
slopes; (5) establishing ancillary facilities (power plants, equipment suppliers,
expansion of townsites, etc.). The numbers in the column headed '"Possible Order
of Development' present a possible sequence of events. For example, number 1
is the first step, if this is successful and target areas are outlined, an ex-
pldration program will continue iqto step 2, if step 2 is successful step 3 is
contemplated, and so on through all 9 steps. If any step in the exploration
program proves unsuccessful all efforts will terminate. When step 5 is reached
all the developmental phases labeled 5 must be considered as each is dependent
on the others. Portions of the 5th step (as well as steps 7, 8, and 9), depend-

ing on the circumstances of a particular project, may be unnecessary. The
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second column titled "Alternatives or Optional Steps' denotes those phases
which are sometimes unnecessary. Optional steps are labeled "0 (examples
include extraction and refining). Phases denoted by "A" are alternatives,
for example, mining can be performed by underground or open pit methods.

The environmental portion of the table will be considered in Chapter 6.

EXPLORATION
This step involves the prospecting for an ore occurrence and the initial
steps of evaluation. Exploration can be subdivided into 4 stages as follows:
1. Regional Appraisal (selection of favorable regions)

2. Detailed Reconnaissance (preliminary regional evaluation with selecticn
of target areas)

[$)]

Detailed Surface Appraisal of a Target Area (geologic, geochemical and
geophysical surveys)

4. Detailed 3-Dimensional Sampling and Target Evaluation (includes initial
evaluation work)

Figure 4a shows the relations between these stages, and basically the se-
quence through which an exploration program proceeds. The philosophy of ex-
ploration is to start with a large area (covering perhaps thousands of square
miles) which has a potential for mineralization. Then as the result of a step
by step exploration program eliminate large areas(which show no potential) until
a few specific target areas remain. These can then be thoroughly explored to
determine the presence or absence of ore.

The methods and techniques used in exploration are detailed in Table 4.1.

Geologic methods are utilized early in the program. These consist mainly
of office work; studying published maps and geologic reports, observing aerial
photographs, and usually evaluating non-geologic items, such as, potential mar-

kets, economics, geography, weather conditions, and perhaps political situations.



FIGURE 4a: EXPLORATION SEQUENCE1

" RECONNAISSANCE TARGET INVESTIGATTION
y /
STAGE #1 STAGE #2 STAGE #3 STAGE #4
o REGIONAL | /1y DETATLED NN DETAILED N DETAILED NN ATTRACTIVE
| APPRATISAL | 1497 | RECONNATSSANCE % SURFACE Y| THREE-DIMENSTONAL YAy MINERAL
: OF TAVORABLE 77| APPRAISAL OF w SAMPLING AND DEPOSIT
[ AREAS 1 | TARGET AREA ! PRELIMINARY
} : ; : EVALUATION ECONOMIC
[ | | | MINLRATLL
| | : | DEPOSTT
' | |
' ]
} 1L o L ORE
L REGTON NOT ARBEA REMATNS ' TARGET AREA UNATTRACTIVE [ DLPOSIT
ATTRACTIVE =t FAVORABLE lo — - NOT ATTRACTIVE e~ —— MINERAL
AT TUHIS TIME BUT NOT ATTRACTIVE AT THIS TIME DEPOSIT
AT THIS TIMR
RETJECT : = Normal Exploration Sequence \\\\\\\\\\\:Tb REJECT:
]

REGION < NOT A MINERAL
UNFAVORABLE e e e Recycling After Temporary Rejection DEPOSIT

P—F Key Exploration Decisions

1pailly, Paul A., "Mineral Exploration and Mine Developing Problems Related to Use and Managment of Other
Resources and to U. S. Public Land Laws, Especially the Mining Law of 1872, presented to Public Lands
law Conference, University of Idaho, October 10, 1966.
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TABLE

4.

1:

EXPLORATION TECIINTQUES]

Useable Stages

Detection® Capability for Non-Ferrous
Metallic Deposits

METHODS
AND
TECHNIQUES

GEOLOGIC
Office compilation
Photogeologic study
Aerial observation
Outcrop examination
Geologic mapping §
investigations
Geologic logging
Boulder tracking

GECCHEMICAL

Stream sediment sampling|-

Water sampling
Rock sampling
Specialized sampling
Assaying

GEOPHYSICS - AIRBORNE

Aeromagnetic surveys
Electromagnetic
Radiometric surveys
Remote sensing surveys
GEOPHYSICS - GROUND

Gravity

Magnetic

Radiometric

Seismic

Resistivity

Self-Potential

Induced polarization

Down-hole electrical

THREE-DIMENSIONAL SAMPLING

AND EVALUATION

Trenching

Rotary drilling

Core drilling

Tunnel/Shaft work

Mineral dressing tests

Economic evaluation

* Detection refers to the ability to detect a deposit if it is there.
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Indirect de-

tection refers to a geological, chemical or physical response showing a deposit may
be the cause of the response; this is in opposition to direct evidence of the pres-

ence of a deposit,

Discrirination with regard to indirect methods refers to the ability to determine if

a certain response (anomaly) is due to a deposit or to another cause,

lBailly, Paul A., '"Mineral Exploration and Mine Developing Problems Related
to Use and ‘anagement of Other Resources and to U, S, Public Land Laws,

Especially the Mining Law of 1872",
ference, University of Idaho, October 10, 1966.

presented to Public Lands Law Con-




which may effect exploration or mining. At this point a large area with a
potential for mineralization (based on the above studies) is chosen.

Regional appraisal is usually followed by a reconnaissance program of
airborne geophysical exploration in which the physical characteristics of
the rock are measured (usually electrical and magnetic methods are used to
search for metallic minerals)., By studying such data, scientists can locate
target areas thus eliminating large tracts‘of land from further consideration.

Target areas are further delineated by using geologic, geophysical
(detailed airborne or ground reconnaissance), and geochemical survey techniques.
Once again, areas with little or no potential are eliminated. Geochemical
analysis of rock, soil, stream sediments and sometimes plants often yields
trace quantities of metals. If anomalous or unusual quantities of elements
are present, it is possible that they were derived from the underlying rock,
thus increasing the probability of mineralization.

If an exploration program reaches this stage the area of interest has
usually been reduced from several thousand square miles to perhaps a squére
mile or two. At this point exploration costs can jump drastically because
the rock itself must be probed and analyzed to determine the presence of
metal. The methods used to do this are drilling, trenching and digging
exploration or test pits. Drilling is used to gain knowledge of the
mineralogy of a formation plus some idea of its extent. Both trenching and
test pits give an idea of the character of the rocks near the surface but,
when used, generally preceed drilling.

In some instances shafts and underground workings are constructed in

the rock, often as part of a combined exploration and development program

4-5
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to »btain bulk samples for metallurgical tests. The evaluation work mainly
consists of detailed drilling; where knowledge of the size, shape, grade
and orientation of the mineral occurrence is determined. Initial exploration
ends when enough ore reserves are proven to warrant consideration of mine
development. The search for ore continues throughout the life of a mine as
new reserves are constantly being sought.

It is important to point out that at ;ny peoint in the exploration stage
‘the project can be terminated. The reasons for halting a project can range
from problems involving economics, politics, the absence of anomalous target
areas, or simply the lack of a mineral deposit. The chances of a property
reaching the development stage are therefore very slim. Statistically the
changes of an ore body being discovered in the greenstone belts of Canada are

about 1 in 1,000-2,000,

DEVELOPMENT

This stage primarily involves the prenaration of an ore body for produc-
tion. Before development can be initiated a feasibility study is usually
conducted. Such a study takes into account the specific characteristics of
the ore body and makes recommendations on the best method of mining, the size,
location, and optimum capacities of the mill, concentrator, work shops, stock-
piles, tailings basins, reservoirs, pollution abatement systems etc. In gen-
eral a complete plan, or blueprint, of the operation is made including possible
alternatives before any development work proceeds.

Once this feasibility study is completed and approved, the actual work
of development can begin. If the decision is to mine underground, the shafts
and other necessary underground openings to reach the ore are begun. An

underground haulage system is developed, and equipment toc hoist men, supplies,



and ore to and from the surface is installed. Other necessary development

steps include providing fresh air ventilation systems, work shop areas, explosive
magazines, and ore crushing facilities, all of which can be underground. When
open pit methods are used the soil and rock which overlies the ore body must be
removed and stockpiled and the development of a haulage road network is required.

In general it can be assumed that if two ore bodies of comparable size are
mined, one open pit and the other underground, the only major difference
will be that a greater amount of waste rock (overburden and lean ore) will be
generated by the open pit mine. Depending on the underground method employed,
some of the tailings generated at the concentrator could be returned to the
mine, thus requiring a smaller tailings basin than the open pit.

The development of operations other than those directly involved with the
mining, such as construction of the beneficiation facilities, tailings basins,
stockpiles, water reservoirs, railroads, access roads, administration offices,
and shops proceed in the same fashion whether the mine is open pit or under-
ground. The only differences, as already indicated, would be in the size of
some of these facilities,

Development of tailings basins and water reservolrs usually require the
construction of dams, and perhaps in some specific cases the diversion of small
rivers or streams. The construction of buildings (mills, shops, and offices),
access roads, and railway lines may require the clearing of trees and brush,
plus some earthmoving. Stockpiles usually require little development work

other than the construction of haulage roads which link them to the mine.
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MINING

This stage primarily involves the removal of ore from the ground and haulage
to the primary crusher where concentration begins. The most commonly used methods
for mining base metals are open pit and underground. In Minnesota the majority
of the mines would probably be underground due to the characteristics of the
formations. Deposits in the greenstone may dictate rather small underground
operations unless the ore zone is close to the surface permitting limited open
pit mining during initial stages of development. Whereas deposits in the Duluth
Gabbro formation may support larger scale underground mines and possibly some
open pit mines near the base of the formation where the rock is shallow in
depth and the stripping ratio small,

Open pit mining consists of removal of overburden, drilling and blasting
of the rock formations, loading by electric shovel and haulage to a primary
crusher or waste dump. Methods used for underground mining are open to con-
siderable speculation at this time. Each mine usually ewmploys a method
adapted to resolve the peculiarities of a particular ore body. Some of the
methods or variations of these methods that might be considered for utilization
in Minnesota incliude: block caving, room and pillar and cut and fill,

Block Caving: This method requires the removal of a layer of rock frem beneath

a large block of ore. With its support removed the ore block begins, under its
own welght, to érumble énd cave, The ore is removed periodically thus allowing
caving to proceed.

Prior_to the removal of the suﬁporting rock layer, several large funnel-
shaped cuts are made in the rock below each block, these will collect the

broken ore and allow it to flow downwards. Ore cars catch the broken material



and rTemove it. Once caving is initiated only periodic removal of broken ore is
required thus only a small woyk force is actually necessary during mining.
Development work however is quite extensive; tunnels for ore removal are

driven, draw. down points (funnel-shaped cuts) are prepared and the ore block
must be undercut. Preparétion times of up to six years may be required before
any ore can be removed. Depending on the size of the ore body, this develcpment
work usually continues for many vears; for while caving is occuring in one part
of the mine, development must proceed elsewhere. Mining is usually accomplished
by caving successive blocks of ore. Starting near the surface then proceeding

to depth.

Room and Pillar: This method is used to best advantage in horizontal (or nearly

horizontal) ore bodies in which the thickness is relatively narrow; usually

where the ore is confined to a particular layer of rock in a bedded formation.

The method is to remove ore in such a way as to form a regular pattern of rooms

or lanes between which ore is left intact to provide roof support. These roof
supports, or pillars, are sometimes removed when mining has progressed to a
different area within the mine, and the roof is allowed to cave, Room and

pillar is probably one of the most mechanized of all types of mining, a great deal
of new equipment has recently been designed to provide for rapid excavation of
larger volumes of ore.

Cut and Fill: This method is often used in narrow ore bodies which are vertical,

or inclined to a high degree. Mining progresses in an upward direction; as the

ore is blasted down from the roof. The broken ore is removed, and fill, usually
the coarse tailings produced during beneficiation, is placed (usually hydraulically)
in the mining area in order to build up the floor. In this manner the working

area between the floor and roof is kept to a point where drilling can be easily
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accomplished. 1In order to provide for ore removal a chute around which fill

is placed must be built after each layer of ore is removed,

BENEFICIATION OF SULFIDE ORES

Copper and nickel beneficiation consists of a series of mechanical steps
that concentrate the contained metals by separating them from the unwanted
gangue minerals. Most ores being mined today are low grade disseminated deposits
in which metallic sulfides occur as small grains or as inter-growths with other
‘minerals. To extract the desired mineral grains, they first must be released
from the surrounding gangue minerals by crushing and grinding, after which the
sulfides are separated by various concentration processes. The gangue minerals
are disposed of as a thin slurry of powdered rock in water called tailings, and

the concentrate is dewatered in preparation for metal extraction.

Crushing and Grinding: The usual crushing procedure is as follows: he ore is

crushed at the mine in jaw or gyratory crushers (jaew crushers are often used in
underground operations because they can be installed underground, gyratory crushi-
ers are usually used in conjunction with open pit mines) to a size suitable for trans-
portation and mill handling. At the mill, the ore is crushed further by gyratory
type cone crushers, followed by roll crushers. The final stage is achieved by
grinding. One of two methods can be used: (a) sequential grinding in rod and
ball mills, or (b) autogeneous grinding. If at any time in the crushing or
grinding steps the orelis not fine enough, the coarse portion is returned to a
previous step. Screens are used to size the ore in the coarse stages, but are
not effective in separating the material after fine grinding. Classifiers are
used for separating the fine material. The ground ore is sized by the speed with

which is settles through a liquid medium. There are two types of classifiers



commonly in use, the hydraulic cyclone and the mechanical classifier.

Concentrating: Following crushing and grinding, the ore is ready for con-

centration. In ccpper and nickel metallurgy, these operations are normally
based on the\surface characteristics or the magnetic susceptibility of the
particles. The most widely used method is froth flotation.

The operating principle in flotation is the lifting action of soapy air
bubbles rising through a column of pulp. Depending on the reagents added to
the pulp, certain mineral particles adhere to the bubbles, and the remaining
particles settle by gravity. The minerals that the bubbles "float'" to the
surface are skimmed off in a froth, and the minerals that sink are rejected
as underflow, The process takes place progressively through a bank of cells
to provide adequate opportunity for the floatable particles to contact bubbles.

Both copper and niclkel can be separated from the silicate gangue by this process.

A second method used for concentrating nickel sulfides is magnetic separation.

This method is based on the fact that minerals differ in the degree to which they
are attracted by a magnetic field.

Dewatering: Concentrates come from the flotation machines as a dilute slurry.
Some or all this water must be removed before further treatment. Dewatering

is usually done in two sfages. Thickening settles the solids by gravity so

that the overlying liquid can be decanted. Filtration then removes most of the
remaining water. A thickener works on the same principle as a settling basin;

it is a circular tank with a central feed well, a peripheral overflow rim, and

a bottom-raking mechanism to remdve sludge concentrate. In the second step,

filtration, solids are separated from fluid by causing the fluid to pass through

a fine septrum (fabric) that will not allow the solids to pass thrcugh.



TRADITIONAL PYROMETALLURICAL EXTRACTION

Most of the world's base metals are extracted from their ores and con-
centrates by pyrometallurgical treatment, This process traditionally includes
three sequential operations: roasting, smelting, and converting. The oper-
ations are briefly summarized as follows:

A, Roasting: Sulfur is driven off as sulfur dioxide and the iron is
oxidized. This step is necessary only when excessive amounts of sulfur
are present, |

B. Smelting: The roaster product is melted with a siliceous flux, this
combines with the gangue minerals and the oxidized iron to form a
molten silicate slag., The major metals combine with sulfur to form
the valuable matte.

C. Converting: The sulfur from the metallic sulfides is driven off and
and the remaining iron is oxidized and fluxed. The silicate slag is
removed, leaving only the nearly pure metals,

Roasting: Roasting is a process where sulfide concentrate containing an above
average sulfur content is heated in air (which may be enriched with oxygen) to
a temperature at which oxygen combines with, the sulfur to form sulfur dioxide
and with the metal to form metallic oxides. The amount of sulfur removed is
regulated by the amount of oxygen and the furnace temperature. This must be
controlled because sufficient sulfur must remain to produce the desired grade

of matte. There are three types of roasters. The multi-hearth roaster, the

oldest, requires a relatively long roasting time, because of this it has large-

ly been replaced by fluid bed roasters. The third type, the sintering machine

rocaster, is used to agglomerate (bake fine particles to form larger lumps) the



concentrate for smelting in a blast furnace.

Smelting: Sulfide concentrates and ores are smelted either in blast furnaces
or reverberatory furnaces. In the blast furnace, the ore is mixed with the
fuel and burned by blowing air through the mass. Traditionally, this type of
furnace was used for massive sulfide lump ore. Flotation concentrate replaced
direct smelting ores as the rich deposits became exhausted. If used in the
blast furnace, these concentrates must first be agglomerated to eliminate
excessive dust losses,

In reverberatory smelting, the ore and fuel are kept separate, and the
ore is melted by hot gases which pass over it, With this furnace, fine con-
centrates can be used as feed without sintering. Consequently, the reverberatory
furnace has almost totally replaced the blast furnace.

At the high temperature of a smelting furnace, copper, nickel and other pre-
cious metals have an affinity for sulfur. Therefore, these metals will combine
with enough sulfur to convert all the copper and nickel to sulfides. Any sulfur
remaining will combine with other metals, pafticularly iron, or be lost to the
atmosphere. If there is a>large excess of sulfur in the ore, some will have to
be roasted off prior to smelting. This is done to eliminate dilution of the
matte by large quantities of iron sulfide. If the matte is made too rich'(not
enough sulfur is retained), some of the copper will be lost to the slag. Generally,
a matte of 45% to 60% ﬁetal is sought,

Both blast and reververatory furnaces are used to produce a molten mass
consisting of two distinct 1ayers£ matte and slag. Matte is that portion of
the melt which contains metallic sulfides of copper, iron, lead, nickel, and

small amounts of other secondary metals. Slag is the portion which contains

[#M
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the valueless rock, or gangue, portion of the concentrate feed, Because the
metallic sulfides are much heavier, they sink to the bottom of the furnace,
entering the matte layer. Both the matte and the slag must be removed period-
ically during the smelting to make room for the addition of new concentrate.
Converting: ‘A major objéctive is achieved in the reverberatory and blast
furnaces: All of the rock and most of the iron is separated and removed from
the metallic sulfides. Matte (the complex hoﬁogeneous melt containing nickel,
copper, iron, and sulfur, and small amounts of other base elements) must be
further processed in a converter, The converting process con;ists of oxidizing
the sulfur and iron by blowing a strong blast of air through the molten matte.
This produces metallic copper, nickel, and other precious metals. The sulfur
is given off as sulfur dioxide, and the ferrous oxide combines with a silica
flux to form @ slag. When the last of the slag (which forms as a layer above
the molten metals) is skimmed off nearly pure metal is left. The final im-
purities must then be removed by refining. Unlike the rcasters and smelting
furnaces the converting stage is a noncontinuous or 'batch' process. A cértain
amount of matte from the smelter is charged into the converter, where the
remaining sulfur is driven off. When the process is complete the converter

must be completely emptied and then be refilled with a fresh charge of matte.

Thus the converting process is probably the most inefficient of the stages,

ALTERNATIVE EXTRACTION METHODS

A number of alternative extraction processes have been proposed to replace
the traditional smelter. Several of these are very close to being available for
operation on a commercial scale. These methods are discussed in detail in the

environmental chapter. If an extraction facility was to be built in Minnesota,



it would probably include one or more of these alternative steps.

REFINING
To improve the quality of the metal, any remaining impurities must be
removed by refining.
| Three general methods of refining are utilized:
A. Fire Refining: This process produces reactions similar to those
which occur in the converter. Iron, lead, zinc, etc. are removed
as a silicate slag, and sulfur, antimony, and arsenic are oxidized.
B. Hydrometallurgical Refining: Commonly called electrolytic refining,
it is divided into two types; Electrorefining and electrowinning.
The basic difference between the two processes is: electrowinning
has a net cell reaction (NizSp-»3Ni+2S), whereas, electrorefining
has none (Cathode reaction Nit*+2e7).
. C. Vapometallurgical Refining: This process is based on a reaction of

the metals with carbon monoxide at atmospheric pressure.

In several cases, refining has already been discussed as part of a specific

extraction method. If a refinery was required in Minnesota it would probably

be an electrolytic type facility.

ANCILLARY OPERATIONS

Ancillary operations include all the support requirements of the new mine

and its employees. They include power supplies and the required transport
facilities, the various types of transportation equipment and accesses, ex-

pansion of existing or new townsites and satellite industries.
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TERMINATION

This is the final step in the mining process. It includes the removal
of buildings, railroads, power lines, roadways, etc. which were built to
aid in the mining activities. Also included in the termination is the
reclamation of the mine site. These activities include revegetating tailings
basins, lean ore and overburden stockpiles, roadways, building sites, etc.
In the case of open pit mining reclamation usually includes pit slope stab-
ilization, while termination activities in underground mines involve the

filling of workings to avoid caving and surface subsidence.
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L CHAPTER 5: MODELS OF POTENTTIAL MINERAL DEVELOPMENT

Information pertaining to potential mineral operations in Minnesota is

very limited and has not been sufficiently delineated to allow more than a

first approximation of the possible implications. In order to interpret these

impacts a general model was prepared.

As discussed in the previous chapters; there are two distinct geologic

environments favorable for base metal deposits, greenstone and gabbro. Thus
“two models were developed. The models were constructed using hypothetical ore
bodies and impacts were considered for all operational phases from exploration

through refining.

GREENSTONE MODEL

In order to establish the models for base metal mining in Minnesota, an
assessment was made of base metal-precious metal operations in Canada. Since
the so called 'greenstone belts' have been demonstrated to be continuous across

the Minnesota-Ontaric border, selected Canadian metal mines in Ontario, Quebec

and Manitoba were studied in order to draw a parallel to Minnesota's geologic

environment.

The Canadian greenstone survey is summarized in Table 5.1. The results

indicate that a "typical" ore body is nonexistant; each mine is a unique

sitvuation. Therefore, the various parameters from the table were averaged

to create a hypothetical ore body.

Table 5.2 presents a summary of the greenstone mine model. From the table

it can be seen that the ore body is fairly small but rather high in grade.

Mining should produce rather small daily tonnages, and if the Canadian mines

are any indication, mining will be underground. Some open pits could exist in
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Mattagami Leke M. L.
Orchan M. L.
Joutel Copper M. L.
Joutel Ceopper M. L.
Kerr Addison M. L.
.« Quemont Mine

Normetal Mine
Lake Dufault M. L.
Manitou - Barvue M. L.
Manitou - Barvue M. L.
Cambell Chibougamau M. L.
Tcon Sullivan Venture

Patino Mining Corp.

Opemiska Copper Mine (Quebec) Ltd.

Noranda M. L.
ONTARIO
Mattabi Mines Ltd.

Kam-Kotia Porcupine Mines

td.

TABLE 5.1

GREENSTONE OPERATIONS OF CANADA

TONS PER  TONS PER
EMPLOYMENT DAY YTAR Cu
3,920 1,430,864 | .66
240 1,301 475,786 | 1.1
80 676 246,760 1 2.35
.2
317 821 299,636 .79
499 954 339,694 | 1.94
163 1,300 419,171 1 3.0
300 273,200
200 88,970 { 1.11
8L5 1,000 1,258,345 | 1.88
670 219,764} 2.35
685 2,307 837,187 | 2.17
620 2,290 835,942 { 2.71
1,800 654,000 | 2.38
730 3,000 1,000,000! .91
326 2.317 846,0001 1.03

GRADE - % OR 0O7.

Ni  Eb Zn
9.2

9.7

12.17

2.16

6.0
2.9
.38 2.3

.8l 7.6
3.0

Ag_
1.08

1.02

.8l

-9

L.27
13

3.13

.012

.01

123

.016
.019
.01

-043

.1856

REPORTED
RESERVES

TIME FROM DISCOVERY
TO PRODUCTION

16,696,232
2,501,495
387,000

200,000

174,000
706,000
2,714,000
1,021,340
99,262
10,736,704
662,000
5,396,000
7,063,000

1,648,0C0

12,900,000

1,830,000

Dev.

Pro.

55, Pro. 58
67

. 68, Pro. 72, " I



ONTARIO (cont'd.)
Eeatall Mining Ltd. (Kidd Creek Mine)
Noranda Mincs Lt. (Geco Minc)
Willroy Mines Ltd.
South Bay Mine Ltd.
Jameland Mincs Ltd.
Internation Nickel (Shebandowan)
Copperfields Mining Corp. Ltd.

MANITOBA

Hudson Bay Mining & Smelting Co. Ltd.

Flin Flon
Schist Lake
Chisel Lake
Stall Lake
Anderson Lake
Flexar Mine
Osborne Lake
White Lake
Ghost lake

Dickstone Mine

s’

TONS PER  TONS PER
EMPLOYMENT DAY TEAR
935 9,000 | 3,000,000
1,000 1,320,000
1,300 477,000
170 500 180,000
700 260,000
3,000 1,000,000
132 150 5y, 500
2,700
| 1,7L0 622,300
300 100,700
780 281,500
500 179,200
1,000 365,000
330 120,700
900 319,400
1450 164,250
600 225,000

TARLE 5.1 (cont'd)

Cu

1.

2

N

=

N W W

[y

2.

33

.03
.25
Nen
.20

Ol

W

1

" GRADE - % OR OZ.

M P Zn
7.08

L.63

.12 3.6
1411

2.28

0.47

10.3

1.6

11.6

3.7

e

.62
RIA

.08

o

v Lo o

.05
.03

.03
.06

.04

REPORTED TIME FROM DISCOVERY
RESERVES TO PRODUCTION
90,000,000 | Dis. 63,Pro.67,4yrs.
29,000,C00

1,052,000

No Report

392,000

770,000

352,000
261,000

734,000

Dis. 68, Pro. 71,3yrs.

Dis. 59, Pro. 69,10yrs.

Dis. 36, Pro. 72,36yrs.

Dis. 15, Pro. 30,15yrs.

Pro..54
Dis.56, Dev.57,

Dis.56, Dev.57,

Pro.60

Pro.6L

Dev. 64, Pro. 70,byrs.

Pro. 69
Fro. 68
Dis.63, Dev.70,
Dis.56, Dev.70,

Dis.56, Dev.66,

Pro.72
Pro.72

Pro.70

(93]
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TABLE S.1 (cont'd)

GRADE - % OR 0Z. REPORTED TIVME FRGM DISCOVERY

TONS PER  TONS PER
MANTTOPA (cont'd.) EMPLOYMENT DAY YIAR Cu Ni Fo Zn Az Au RESERVES TO_PRODUCTION
Sherritt Gordon Mines Ltd.
Iymn Lake 985 2,986 1,090,000{ .38 .77 12,600,000
Fox Mine 2,000 1,100,000 1.8L 2.7 | 13,100,000
Dumbarton Mines Ltd. 700 260,000% .28 .87 1,240,630

[¥a]
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Table 5.2

Summary of Greenstone Mine Model

1. Time from discovery Ave. 10 yrs.
to production Range 3 - 36 yrs.
Cu(%) N1 (%) Pb (%) Zn(%) Ag(oz/ton) Auloz/ton)
2. Ore Grade* Ave. 1.93 14 .04 2.85 .88 .04
Range 0-4.3 0-2.7 0-.84 0-14.11 0-4.85 0-.186
3. Current value of Ave. $41.86/ton

contained metal per Range  $20.33/ton - $101.20/ton
ton of crude ore**®

Tons per day Tons per vear
4., Mine Production Ave. 1,365 488,000
Range 150 - $,000 - 54,500 - 3,000,000

5. Number of Employees Ave. 280
Range 132 - 985

6. Mining ] Underground with possible open pit where
overburden is shallow.

7. Major Mining Method Cut and fill

8. Individual Mine Life 20 yrs.

9. District Life 50 yrs.
10, Concentration Selective flotation
11. Extraction Concentrates shipped to custom smelters

* To simplify calculations, the following values are used
Cu 1.95%
Zn 3.85%
Others are considered to be only a trace.

**The most current metal prices are used
‘ Cu $0.505/1b. Pb S 0.15/1b.
Ni §1.53/1b. Ag § 1.75/oz.
Zn S$0.18/1b. Au $64.20/0z.
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th initial phase providing the ore body is amenable to this mining method.

The required employment for the mine and mill complex 1s estimated to
be approximately 280 men. A graph (Figure 5a) was compiled to show how the
hypothetical greenstone model compares with the producing Canadian mines.

By plotting employment vérsus mill capacities a dominant zone showing the
probable required employment is apparent. 'The greenstone model seems to
compare favorably with the Canadian mines as>it fits well in this probable
-employment zone,

Little data is available on the mine life of a greenstone operation.
However, from experience a reascnable mine life of 20 years can be assumed.
After the first discovery in an area exploration intensity generally increases
and more deposits are usually discovered. Thus a district life of about 50
years may be assumed. Table 5,3vout1ines the Flin Flon mining district from
its original discovery in 1915 to the present. The district now has 42 years
of production and employs 2,700 men.

It should be kept in mind that this model is not necessarily a projection

of what may occur in Minnesota, but is merely a means by which the impacts

could be studied.

GABBRO MODEL

The problem of constructing a mine model for the Duluth Gabbro, is that
no comparable ore formation in which mining has occurred exists., Since there
are no factual statistics available for construction of the model, many more
assumptions, than were made for the greenstone model, are required. The first
assumption made is that the indicated mineral resources are an accurate repre-

sentation of the occurrences within the Duluth Gabbro. Preliminary investigations
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Figure 5a: Relationship of Mine Production-vs. Employecs

Orchan Lake Mining Ltd.
Joutel Copper Mines Ltd.
Quemont Mine

Normetal Mine

Lake Dufault Mining Ltd.
Campbell Chibougamau

Patino Mining Corp.

10 (Open pit)

Opemiska Copper Mine (Quebec) Ltd.

Kam-Kotia Porcupinc Mines Ltd.
Ecstall Mining Ltd. (Kidd Creck)

South Bay Mincs Ltd. |
Sherritt Gordon M.L. (Lynn Lake)

Ave. for Greenstonc Mine Model

400 600

No, of Emp toyees per
Underground Mine and Concentrator

800



TABLE 5.3

HISTORY OF HUDSON BAY MINING AND SMELTING CO, LTD.

FLIN FLON MINING DISTRICT

DISCOVERY DEVELOPMENT ~~ PRODUCTION TERMINATION

Flin Flon 1915 1930
Schist Lake 1954
Northstar Mine 1958
Birch Lake 1957 1960
Coronation 1960 1965
Chisel Lake 1956 1957 | 1960
Stoll Lake 1956 1957 1964
Osborne Lake 1968
Flexar Lake 1969
Anderson Lake : 1964 1970
Ghost Lake 1956 1965 1972
Dickstone 1965 1966 | 1970
Wthite Lake 1663 1970 Planned for

1972
Wim 1968 Under

development

Centennial Mine 1970
Rail Lake 1970

Reed Lake 1970



by.Fhe Minnesota Geological Survey reveal that the deposits associated with
the gabbro are extremely large but rather low in grade. Because of these

low grades, it can be assumed that only a large tonnage operation (something
on the order of 20,000 to 30,000 tons per day) would prove economic. Since
the mines would be large'operations, it is assumed that at some time in the
future an extraction facility might be required to handle the concentrates.
By preparing a list of existing extraction fécilites and their annual feed
‘capacities (see Table 5.4) it can be determined that a minimum sized smelter
would require 300,000 tons of concentrate feed per vear. By further assuming
a concentrate grade of 25% copper and an ore grade of 1% it is found that a
crude ore production of 20,000 tons/day (from one or more mines) is necessary
to meet the smelter requirements.

Mining methods which might be considered for possible utilization under-
ground include: zroom and pillar, block caving, cut and fill or some variation
of these methods. Most of the deposits in the gabbro would have to be mined
by underground methods. However, in some areas near the base of the formation
some open pit mining might be expected. Employment could vary greatly depending
on the-mining method used, the mine life and district life, and the extent of
ore processing (if an extraction facility is included in the proposed complex,
employment would be greater).

Table 5.5 summariies the gabbro model including the assumptions necessary
for its construction. Like the mcdel for the greenstone, the gabbro model was
not created with the idea that it is a projection of what will occur in Minnesota.
It is felt though, that the model can be used to explore the impacts that mining

could create,



TABLE §.4

COPPER AND COPPER-NICKEL SMELTERS

United States and Canada

Facility Location Feed Capacity Tons/Yr.
Falconbridge Nickel Ontario 650,000
Gaspe Copper Quebec 300,000
Hudson Bay Mining § Smelting Manitoba 575,000
International Nickel

© Copper Cliff Ontario 4,000,000
Coniston Ontario 800,000
Thompson Manitoba -—-

Noranda Mines Quebec 1,700,000
Kennecott Copper Corp.
Nevada jMines Nevada 400,000
Chino Mines New Mexico 400,000
Ray Mines Arizona 420,000
Utah Copper Utah 1,000,000
Asarco
Tocoma Washington Washington 600,000
Hayden Arizona Arizona 960,000
El Paso Texas Texas 576,000
Phelps Dodge
Douglas Smelter Arizona 860,000
Morenci Branch Arizona 900,000
New Cornelia Branch Arizona 300,000
Anaconda rontana 1,000,000
“Magma Arizona 403,000
. Copper Range Michigan 300,000
~Inspiration Arizona 450,000
Cities Service Tennessee 90,000



10.

11.

6.

7.

Table 5.5

Summary of Gabbro Mine Model

Time from discovery
to production

Ore Grade

Current value of contained
metal per ton of crude orex

Mine Production

Number of Employees

Mining

Mine Method
Individual Mine Life
District Life
Concentration

Extraction

then known existing ore deposits
become economic

1% combined Cu-Ni (.8% Cu § .2% Ni)
$14.,00/ton
20,000 tons/day
7,300,000 tons/year
2,800 (data from White Pine)
(for a mine, concentrator,

smelter and refinery)

Predominantly underground with
some open pit near the contact

Block caving, room & pillar, cut & f£ill

25 to 50 years
Greater than 100 years
Selective Flotation

If no copper smelting capacity is
available, & copper smelter (tradi-
ticnal, continuous, or flash) would
have to be built. Nickel concentrate
shipped to custom smelter,

Assumptions Necessary for Construction

Large low-grade deposits

Large-tonnage operation

Could require extraction facility

Pvrometallurgy only presently feasible method

Minimum size extraction facility - - - 300,000 tons per vear

Grade of concentrate - 25% Cu

Grade of ore - 1% combined Cu-Ni (.8% Cu & .2% Ni)

*The most current metal prices are used: Cu $0.505/1b.
8

1.53/1b.

Ni
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RTCUUENDATTON:

The Department of Natuwal Resowrces should continue {68 efferts Lo
assess potential minewal develepment so thot enviwoimental, scelal and
economic dmplicaticns can be evaluated and updated by rhe Inter-Agency

Task Fenrce.






CHAPTER 6: ENVIRONMENTAL IMPACT OF BASE METAL MINING

Specific determinations of potential environmental impacts associated

i

with base metal mining and processing are extremely difficult to determine in
any detail because the environmental setting varies significantly in the
various areas of Northern Minnesota. The specific techniques of mining and
processing are extremely variable and unknown and numerous other variables
require certain assumptions which cannot be detailed with certainty until an
actual operation is proposed. The potential environmental impacts assoclated
with base metal mining and processing could differ substantially in some
aspects and compare readily in other areas to the present iron ore mining in
Minnesota. In addition, because of the different geologic environments be-
tween the gabbro and greenstone formations and the varied natural environments
of Northern AMinnesota, impacts associatad with one operation may vary signif-
icantly from others. Possible impacts will be identified; however, the
severity of each impact will not be evaluated in detail because of the lack of
specific data. The quantitative data presented is besed entirely on the hypo-
thetical models discussed in Chapter 5.

It is again pointed out that to date there has been no development or even
an announced committment for development of base metals in Minnesota and a
large portion of the material contained in this report is based on conjecture,
The State must be prepared, however, so that if and when base metal development
does occur in Minnesota, there is sufficient expertise and regulatory authority
available to prevent or minimize detrimental effects to either the physical or
economic environment.

Table 6,1 (enclosed in pocket) attempts to identify possible environmental

impacts that may be associated with future base metal mining in Minnesota.




The table categorizes impacts from the initial phases of exploration through
mining, processing, termination and ancilliary requirements. It is important
to point out that under a given set of conditions the rank of a particular
impact can vary considerably. Table 6.1 is designed to cover only the general
case,not specific situations and as such can only serve as a check list.
For example, access to a drill site, when it must be through a scenic area over
non-existant roads, can be a major impact. Each impact is ranked on a scale
from one to three (one is the most importent, three is the least important)
according to its reiative importance and the impact of each step is rated as
reversible or irreversible. Because of time limitations, impacts rated two or
three are not evaluatsd in any detail. Comments on impacts ranked as one can
only be considered as a preliminary assessment to aid in a more comprehensive
and detailed examination of all environmental impacts. Aesthetic impacts,
although they can be an important consideration in nearly every possible
operational phase, are not included in the Table because they cannot be
examined in general. They must be examined in real cases with specific
circumstances.

In the land use area of Table 6.1, each land reguirement is designated
M, S, or N, depending on the degree that the land needed is resource oriented.

M

1

mineral resocurce oriented - the location of the ore body

strongly influences the location of these facilities.

S - somewhat mineral resource oriented - these facilities must
be in the same general locality as the ore body.

N - non-resource oriented - these facilities should be located

somevwhere between the resource and the market preferably

along a transportation route.



As discussed earlier, there is a potential for two types of base metal
mining operations in Northern Minnesota. In the gabbro formation, the majority
of the operations would be large scale underground mines with limited open pit
mining possible in areas adjacent to the basal contact of the formation or
elsewhere in the formation where the ore deposits are rather shallow in depth
and the stripping ratio small. These facilities would have to be accompanied
by a concentrator, waste disposal area, egc: Initially extraction and refining
facilities would probably not be required, however, as discoveries and operations
increase, the probability of a company desiring to locate a facility of this
type in Minnesota would also increase.

The majority of any greenstone deposits that might be discovered will
also have to be mined underground. In areas where the overburden is extremely
shallow, underground mining might be preceded by a short period (several
years) of open pit mining. Usupally a beneficiating plant is associated with
one or more of these operations, along with offices, shops and storage areas,
waste disposal areas, etc.

An important factor to remember about mining is that many of the minerals
being sought do not make up a large percentage of the earth's composition,
although the total amounts if they were available are very significant. Ore
deposits are the result of a concentration of minerals many hundreds of times
or more to that of the earth's average or background comppsition. The grade
of ore deposits known or being sought in Minnesota is not unusually low. In
Arizona, for example, copper is being mined with cut-off grades as low as 0.4%
(8 1bs. of copper per ton of ore) and lower grade material is stockpiled for
leaching purposes. The fact that known Minnesota deﬁosits have not been mined
in the past is primarily due to metallurgical problems of separating the metals
and higher costs of underground mining versus open pit mining. Deposits, if
discovered in the greenstones, would be significantly higher grade than those

already known to exist in the gabbro.



Because of the relatively low grade materials involved {(usually never
more than a few percent), all base metal mining operations of this type are
associated with a large ratio of waste materials to recovered mineral.

This creates a major problem not only for possible Minnesota operators but
for the industry as a whole. As long as these metals are required, and for

many purposes they appear to be essential, the waste disposal problem will

have to be dealt with and the resuitant land use will have to be examined.

EXPLORATION

Modern mineral exploration techniques involve virtually no lasting
environmental effects. The only major impact that might be encountered during
exploration is the brushing and clearing of survey lines, drill sites and in
some cases access rcads., In all cases, however, the land area involved is
relatively small, eg., approximately 507 by 50" or less for a drill site.
When the program is carried out during the winter menths, which is often the
case, the effects on the natural vegetation is minimized. If natural revege-
tation is not expected to restore a cleared area quickly enough or in ordexr to

roads
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prevent erosion, revegetation must be carried out. In many area
(usually associated with logging) are readily available and are used when
possible. In Table 6.1, there are no impacts asscciated with exploration that
are considered major (shown on the Table as number 1).

Access on state land is obtained after receiving the approval of the
State District Forester. In most cases existing roads are used, even when
they do not provide a direct route to the drill site,

If the exploration program is unsuccessful no further work will be
planned by that operator. In the greenstone belts of Canada, only 1 project

out of 1,000~ 2,000 will go beyond this stage.
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DEVELOPMENT, MINING AND BENEFICIATION

If an ore body is discovered of sutficient size and grade, it must be
prepared for mining. Developing a mining operation is a construction job that
usually involves the following major projects:

1. Preparation of the ore body.

2. Planning and construction of facilities
3. Preparation of disposal sites.

4, Stockpiling of waste materials.

5. Construction of a water reservoir.

6. Construction of ancillary facilities.

If it is assumed that the deposit is economic at the time of discovery,
this stage may take as long as from two to ten years after discovery before
it can be prepared for operation. The time range varies considerably depend-
ing on such circumstances as the size of the ore body, the mining method chosen,

the amount of processing contemplated, etc.

Air Pollution: Several air pollution problems (particulates, noise and

vibrations) can be associated with the developmental stage. In relation to
the overall impact, these are relafively insignificant and controllable with
one possible exception. If the mining is to be underground, great care must
be taken to protect the health and safety of the employee. This is especially

true in the initial developmental stages because the miners are new to this
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particular geologic environment (even if they have underground mining experience)

and the ventilation systems are just being initiated. Chapter 11 discusses
mine health and safety in greater detail.
The air pollution problems that might be associated with mining and

eneficiation are very similar to those in the developmental stage. Dust

must be controlled on unsurfaced haulage roads. Overburden stockpiles and



tailings basins can be a significant source of dust both during and after the
operation. In beneficiation, dust must be controlled during the initial crush-
ing stages prior to the application of water.

Noise and vibrations must be controlled throughout development, mining
and beneficiation. Blasting is probably the most important consideration.
Charges must be designed to prevent damage to facilities and adjoining property,
and climatic conditions must be well known prior to their being ignited.
The major source of continuous noise is in the beneficiating plant, the under-
ground working areas and the primary crusher. The most important consideration
here has to do with the health and safety of the-employee.

With the exception of possible underground mining, gases should not be

a factor in development, mining and beneficiation.

Water Resources: Future base metal mining could have a substantial impact on

the water resources in a particular area. Prior to development, a complete

survey of water availability and pollution potential should be made.

Water Appropriation and Use:

Considerable quantities of water are required in the beneficiation, extraction
and refining of base metals. Table 6.2 provides first approximations of these
requirements based on the Greenstone and Gabbro Models. Water is required in
the grinding and concentrating processes. Assuming that the plant water is
recycled, a general rule of thumb indicates that about 100 gallons of new make-up
water will be required per ton of ‘crude ore processed. For the Greenstone Mine
Model, this is roughly 140,000 gallons per day as compared to 2,000,000 gallons
per day for the Gabbro Mine Model requirements. These could have a significant

impact on local water supplies, particularly in the case of the Gabbro Model.



Table 6.2 Estimate of Water Requirements

(new make-up water)

Gabbro Greenstone
(thousands of (thousands of
gals/day) gals/day)
Beneficiation 2,000 140
(new make-up water - 4
100 gals/ton of crude
material processed)
Extraction Alternatives
1. Pyrometallurgical 1,000-1, 500% N /AR
(vithout Sulfur Oxide
Particulate Recovery)
2. Pyrometallurgical 2,000-3,0001 N/4°
(with Sulfur Oxide
Particulate Recovery)
3. Hydrometallurgical 2,000-3,000
Refining 500-1,000*
1. Mostly cooling water
2. Not applicable
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For comparative purposes, & typical closed cycle power plant like the NSP Plant
planned for Sherburne County will use roughly 22 million gallons of water/day
with approximately half of the water lost in evaporative cooling, while the

Monticello facility uses some 416 million gallons/day.

Work in the Beds of Public Waters:

Since there is no choice in the location of ore deposits, confiicts
could occassionally arise with public waters. The degree of conflict will
vary considerably. In some cases these conflicts would preclude mining
whereas in other instances the problems may be rather insignificant. Open pit
mining, tailings disposal and water reservoir construction would probably be
the three major areas of consideration. If mining was underground at
considerable depth this problem would be alleviated. A specific case would be

required to evaluate these conflicts in any detail.

Surface and Groundwater Discharge:

An open pit or underground mine acts as a collecting basin for surface
and ground weater. During mining this water must be removed. In most casss
water from mine dewatering is used in the beneficiation plant as new make-up
water. After mining is completed, waters collecting in the abandoned mines
can be a source of pollution depending on the pyrite content and the solubility
of the metal ions in the exposed rock.

Modern mining operations are generally being designed as near to a closed

circuit as possible. However, in some isolated cases, precipitation and

yuncff into the tailings basin may exceed the basin capacity. When this occurs,

it may be necessary to discharge water to the natural watershed. In some

solids

[N

instances treatment may be required to remove metal ions or suspende

[%]
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or to adjust the pH.
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Sur;;ce and Groundwater Fluctuations:

Underground and open pit mine dewatering can, in some isolated
situations, result in temporary water table fluctuations. This concern can
only be evaluated with a gpecific example in mind.

Runoff, Erosion and Sedimentation:

In order to insure proper reclamation,'oterburden must be stored, with
tppsoil stored separately from the underlying rock. Unless this material
is stabilized, it can be eroded and cause stream sedimentation problems.
Thus, revegetation and contouring of stable slopes is often essential.

Mining also results in lean ore and waste vock stockpiling, since not
21l ore removed is of high enough grade to justify milling and concentrating.
Leaching and ercsion may occur from these stockpiles if the storage areas are
improperly designed or sloped, or if they are not revegetated.

Major impacts from runoff, or percolation of leached ions into ground
water may occur from the tailings basin if the basin is improperly designed
and sealed, or if reclamation is inadequate. Water from tailings basins
should be recycled for use in the milling and concentrating process.

After mining is completed the basin must be left in a condition that will not
pollute the surrounding watershed.

It has often been suggested, that abandoned opén pits can be made into
lakes after mining is completed. This is a useful practice providing the

water quality can be maintailned.

Solid Waste Disposal: Probably one of the most challenging and difficult

environmental problems associated with mining operations is that of solid waste
disposal. The amounts and types of waste material vary  considerably, depend-

ing on the mining method utilized. Open pit mining generally results in



relatively more overturden, lean ore material and sometimes waste rock, than

does underground mining. Regardless of mining methods, the tailings pro-

duction is essentially the same; however, with some underground mining methods

a portion of the tailings can be returned to the abandoned working areas.
Tables 6.3 and 6.4 summarize =csolid waste disposal resulting from the

processing of base metals. Estimates are based on the Gabbro and Greenstone

£

Models and assumptions are shown for each processing step. These examples

r

]
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very general and only show metal concentrates rather than attempting to
differentiate the metals themselves. For the Gabbro dModel (Table 6.3)
approximately 19,280 tons of tailings would be produced daily. Two general
alternatives are available for disposing of these materials. For open pit

mining and for some types of underground mining

s34

the tailings cannot be
returned to the mine itself and thus must be disposed of totally on the
surface. With cevrtain types of underground mining a second alternative can
be considered. In this alternative it is assumed that two-thirds of the
tailings can be redeposited underground (12,860 tons/day in the case of the
Gabbro Model) and only the remaining one-third or 6,420 tons/day must be
disposed of on the surface.

If it is assumed that an extraction facility is built in Minnesota,
the concentrate supplied by the Gabbro Model would require the surface
disposal of approximatelf 544 tons of slag per day (assuming a pyro-
metallurgical extraction techniquej,

Table 6.4 shows calculations of solid waste disposal for the Greenstone
Model, Again it should be pointed out that these are very general and are

meant to provide a first approximation only, of the solid waste disposal impacts.



Table 6.3

(metals are undifferentiated)

Mining Crude Ore
20,000 tons/day
Beneficiation ,
¥

b

25% letal Conc.

Generalized Solid Waste Disposal for Gabbro Model”

Open Fit

‘ Total Surface

7] Disposal
- “r
assumes 907 metal recovery \\\\\\\\ <
720 tons/ds , io s ;
/day ™~ //x 19,280 tons/day
Mea < s r oy
Tallings
4 \. v Y
19,280 tons/day N Underground
Alternstives AN T
Extraction 3, 173 Surface
2/3 Underground
Surface 6,420 tons/day
Underground 12,860 tons/day
Blister Copper
Gl
N
assumss 95% recovery \\\\\\\\
176 tons/day ~,
Slag Disposal
Refining , Skl tons/day
L‘;;
Refined Yetal
171 tons/day \\x\&\
e,
e,
j Siinmes
These would be further
processed Ior precious
retals

+he Gabbro Lnodel develor



Table 6.4 Generalized Solid Waste Dispcsal for Greenstone vodel”

(metals are differentiated)

SN

}(xj [[illg Cmde Ore
1,365 tons/day
Beneficiation
N
Metal Conc.
25% Cu - 30% Zn
assumes 907% recovery
253 tons/day
Extraction
4
$7% Metal t
L
assumes 95% recovery
70 tons/day
Refining

Refined letal

*
Based uson the

67.8 tons/day
(copper only)

Greenstone lodel

Open Pit

|
Total Surface E
|

? Disposal
~_ ////{ P
~ B
. 112 ons/day
} Teilings
Underground

1,112 tons/day
Alternatives

&t 1/3"Surfacé wa
?2/3 Underground !

Surface 371 tons/dayv
Underground 741 tons/day

Slag Disposal

183 tons/day

Slimes |
These would be further
processed for precious
metals.

developed in Chapter 5.



There are a number of other types of solid waste materials associated
with various phases of base metal mining. These are listed in Table 6.1 as
Miscellaneous Disposal. No real estimates can be made of these materials
(with the exception of slag disposal) without a specific proposed mining

operation; however, the total quantities should be relatively insignificant

in relation to the entire waste disposal impact.

Land Use: There are a number of impacts that are initiated in the develop-

mental stage and carry into the mining and beneficiation stage that are
irreversible. These include: open pit mining, lean ore and rock stockpiles,
tailings basins and slag disposal (when necessary). In order to minimize
these impacts, land use planning andAefficient reclamation practices are
essential.

Leail ore and rock stockpilgs, slag disposal and tailings basins will
eliminate the natural surface values and resources and will remain after
mining has terminated (some lean ore may be processed); therefore, their
location is generally considered irreversible. Early planning can replace
surface values to these areas although quite dissimilar to their original
state. In many cases, particularly surface stockpiles and tailings ponds
need to be revegetated not only for aesthetic reasons, but also for the
control of erosion and runoff. Locations of stockpiles, tailings basins,
etc., allow opportunity for site selection even though theyv are somewhat
resource orientad.

In the case of possible open pit mining the location is specific and
minimization of environmental effects must be through planning and reclamation.
Under typical mining préctice} tailings and waste rock are not returned to

open pits because the return of the tailings would prevent removal of
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remaining low-grade ore. For this reason, the alterations associated with open

pit mining are currently deemed irveversible.

Table 6.5 provides an estimate of land requirements for the Greenstone
and Gabbro Hodels. The estimates are divided into general land use areas
and are a first approximation of possible future development.

The various phases of exploration are considered short term. If explo-
ration is successful the land would probably be used for location of an
operational phase of mining, however, if nothing is discovered the land will

continue to be used as it was prior to exploratiomn.

Two other factors are important to land use after mining has terminated.

These are slope stability and subsidence., Past practice has been to fence -
an abzndoned open pit or subsided area. However, this cannot be considered

a final solution and reclamation requirements will have to provide controls.

METAL EXTRACTION

After the ore is concentrated, it is ready for the next process; metal
extraction. There are three general groups of metal extraction processes:
Vapometallurgical, Hydrometallurgical, and Pyromezellurgical.

Vapometallurgical processes employ various gases as the primary
performers. Apparently there are no processes of this type currently being
utilized for metal extraption.

Hydrometallurgical processes are operations in which aqueous solutions
play a predominant role in recovering the metal. This process, commonly
called leaching, is generally used to treat oxide ores and some sulfide
and mixed ores of marginal grade. As yet, theve are no processes of this
type available to treat copper-nickel sulfides economically although
considerable research is presently being conducted on this process and

several pilot plants arve presently in operation.
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Table 6.5

Estimate of Land Requirements for the

1
Greenstone and Gabbro ‘fodels

Plant Site and Facilities

Tailings

Open Pit Mine?

Surface Requirements
for an Underground Mine

Waste Rock

Total Requirements

Greenstone

40

100

50

60

SC

,280

10

640

1

acres
acres®
acres

acres

acres

255

2,610

aCTESS

1

Based on a 25 year mine life.
2 : . . . .
Alternatives-mining could be either open pit, or underground.

3 Lo
Assumes tailings could not be placed underground.

Total includes both open pit and underground requivements.
an operation will be underground after open pit operations.

1 sq. mi. = 640 acres.

In many cases



Pvrometallurgical processes utilize intense heat to recover the metal,
Most of the world's base metals currently are extracted from sulfide ores and
concentrates by nvrometallurgical treatment. For many years this method has
been the only economical one for treating sulfide ores and concentrates.
Traditionally, three sequéntial operations have been involved: wroasting,
smelting and converting. However, recent concern with the environmental
consequences ¢f this process has resulted in intensified research toward im-
proving this process, developing other processes and controlling the effluents

<

whether gasecus or 11quid.i

In Minnesota, it is not anticipated that an extraction facility would
be required initially. However, as discoveries and opervations increase, the
probability of a company desiring to locate a facility of this type in
Minnesota would increasse. DModern extraction facilities are relatively large
scale, involve large capital investments, and require a great deal of planning
and construction to prepare them for commercial operation. For these reasons,
it is not expected that small scale mining operations, such as those which
could occur in the greenstone belts would warrant the construction of such a
nlant. 0On the other hand, if mining in the Duluth Gabbro occurs, the scale
of operations should be large; perhaps eventually large enough to warrant
construction of an extraction complex. Initially concentrates will probably
be shipped to an existiﬁg facility for treatment. At the present time, it
does not seem probable that an extraction facility will be built in the near

future. etal extraction is only somewhat resource oriented. Existing

facilities of this tvpe are in some cases located at the mine site itself

whereas in other cases they are located near the market or fabricating facility

or in another well established mining district. If and when a facility 1s

Brice, I. C., Possible Environmental Impact of Base Metal Mining in Minnesota,
Department of Natural Rescurces, June, 197..




considered for Minnesota considerable latitude should be available in
selecting a site.

Regardless of when an extraction facility might be built in dinnesota,
1t will be substantially different than these that have traditionally been
operated throughout the world. It will probably be either hydrometallurgical
or pyrometallurgical (most likely pyrometallurgical) and based on technology
that is the pilot plant or near-commercial stages of development.

With either type of facility, there could be substantial envirvonmental

concerns, and it is safe to assume that substantial control of effluents

will have to be met if one is to be constructed.

Potential Environmental Concerns Associated with Pvrometallurgical Extraction:

In order to provide for better effluent recovery and better resource utili-
zation, new pyrometallurgical systems should incorporate the following features:
1. Smelter systems must produce SO, in higher concentrations and in
uniform volumes. This could probably be done by replacing batch
processes with continuous processes.and by combining extraction
steps.

2. Gas cleaning svstems must be more efficient and reliable, and

capable of operating at high temperatures.

3. Smelting operations must use less total fuel. DMore heat should
be recovered and emphasis must be on heat utilization,

4. All useful materials should be recovered from the initial feed
material. Waste products which are produced should be non-pol-
luting and in a form which can be disposed of readily.

Argenbright, L. P.. "Smelter Pollution Control', Mining Congress Journal,

Mav, 1971.
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The pyrometallurgical extraction facility has probably been one of the
most environmentally notorious links in the base metal mining-production chain.
The major forms of pollution created at such facilities are air pellution and
solid waste materials. The major environmental impact is caused by the
chimney smoke which is generated during roasting, smelting, and converting
(the traditional means of sulfide ore extraction). The constituents of
this effluent are dust, fume and gases.

Particulates:

Fume is that part of the smoke which is composed cof volatilized material

(mainly metal oxides) which solidify in the chimney exhaust system as they

y of ore, flux, and fuel particles which are

s

cool. The dust is made up mostl
blown from the smelting furnace. Present day technclogy appears able to
handle most of this material. There are several types of equipment used for
dust recovery. These include: cyclones, scrubbers, electrostatic pre-
cipitators, and bag houses.

Cyvclones employ the centrifugal principle to remove dust particles.

The recovery efficiency ranges from 75 to over 95% for the larger dust particles.

However, much of the very fine material still needs removing.

Scrubbers are units in wvhich dust particles contact g liquid and can
then be removed as a slurry. Efficiency in scrubbers varies from 75 to
over 99%,

In electrestatic precipitators, solid particles in the offgases are
given a charge. They can then be collected bv a device carrving the opposite
charge. This type of collection is a more costly method; however, efficiencies
of over 99% can be achieved.

Bag houses are units in which the dust-laden offgases are passed through

woven cloth which screens out the dust. This method can be over 99.9%

efficient.

6-1
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From the literature, it appears that bag houses and electrostatic pre-

cipitators are the most widely used. The added efficiency gained is probably
1

“

not economic, but is being forced by stringent pollution regulations.

Sulfur Oxides:

Nitrogen, carbon monoxide, water vapor, oxygen, and sulfur oxides are the
most common gases found in the metallurgical effluent., The major environmental
impact seems to be the result of sulfur oxide gases, however others alco play
a role in the overall impact. Unlike other large industrial complexes which
produce sulfur oxides, such as electrical power plants, the problem of sulfur
gas production in an extraction plant canﬁot be alieviated by changing the type
of fuel (low sulfur) utilized. In extraction, the major portion of the sulfur
production problem does not come from the burning of fossil fuels (although
some fuels are consumed during extraction) bui stems Trom the extractlion
process itself. The success of the processing techniques lies in the fact that
sul fur must be burned away (sulfur liberated in the form of sulfur oxide gases)
leaving only the pure metals. The formation of sulfur oxides is thereiore
mandatory for the production of metals if this type of technology is to be used,

Effort

(%]
Y

re underway to perfect means by which sulfur oxides can be
separated from other gases and transformed intc useable compounds such as
sulfuric acid or elemental sulfur. There is no such thing as an economic
sulfur recovery system. However, there seems to be a general cut-off whereby
gas streams containing 4% or more sulfur oxides are much more cheaply treated
than those containing less than about 4%. There are also definite economic

advantages in having constant streams of uniform gases. These two conditiens

1 , . e - .
Beldt, Jr., J. R., The ¥inning of Nickel, D. Van Nostrand.



are not met in conventional extraction facilities with their roasters,

smelters, (mainly reverberatory furnaces), and converters. With the excepticn
of roasting (from which a rather good sulfur oxide stream is proauced), smelting
and converting produce »noor gas products. When the rTeverberatory furnace is
treating unroasted concentrates, a steady flow of very low concentration SO2

is produced. The concentration is often less than 1% of the total gas volume.

Converters can produce strong gases running in excess of 6% SO However,

5
because conversion is a batch process, gases produced vary in concentration.

Table 6.6 shows emission factors for particulates and sulfur oxides.
Totals show both controlled and uncontrolled gaseous streams. Although the
degree of control used probably cannot be met today, technolegy should be
available if and when a smelter is contemplated.

If we assume nc regulation, roughlv 450 tons of S0, might be emitted ver
day from an extraction facility based on the Gabbro rlodel. This is considerably
more than the 2?86 tons of SOp per day emitted from Northern States Power
Company's, Alan S. King Plant. If we assume 90% recovery, the emissions could
be veduced to approximately 45 tons of 802 per day.

Te overcome the many problems of traditional extraction, research is
continuing in three areas:

1. Collection and recovering sulfur oxides.
2, Developing new pyrometallurgical technology.
3. ‘Alternative extraction techniques such as hydrometallurgy.

Presently there are at least fifty Suifur recovery systems under
investigation or developrment. Emphasis is on processes which can clean up low
concentration waste gases, while at the same time recover a marketable

product of either elemental sulfur or sulfuric acid. The following is a
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TABLE 6.6

Emission Factor For Primary Copper Smelters 1
Without Controls in 1b/ton of Concentrated Feed
Particulates Sulfur Oxides

Type of Operation 1b/ton of concentrate 1b/ton of concentrate
Roasting 45 60
Smelting 20 320

(reverberatory

furnace)
Converting 60 870
Refining 10 -
TOTAL Uncontrolled 135 1,250
roT Confrolledz 7 125

,i\-[.‘
(85% on Particulants
90% on Sulfur Oxides)

1Adopted from Table 7-3 of Compilation of Air Pollutant Emission Fac-

tors, U. S, Environmental Protection Agency, Office of Air Programs,
Febrvary, 1972, p. 7-5.

2 - .
“Added for comparative purposes.



summary of several of the more promising sulfur recovery svstems.

Limestone Iniection - There are two type stone injection.
In the first, pulverized limestone is injec into a furnace
containing the offgeses. The Ilimestone calcines and reacts in
the gas phase to 2bsorb sulfur oxides {drv process). In the
second method, dry limestone 1s combined with wet scrubbing.

The calcined limestone is removed by a scrubber and becomes the
reactant which removes SO, from flue gases. This 1s one of the
cheapest systeﬂs to operate, 1.5¢/million B.T.U., however, only
about 50% of the sulfur oxides can be vemoved.

Alkalized Alumina - This process, which is being studied by the

U. S. Bureau of fines, is based on absorption of SO, from the
effluent by Na,0Al O~L The absorbent is then regenérated by
contact with reduc1n gases at high temperature and the resulting
H,S is converted to elemental sulfur in a standard Claus Svsten.
THere ave two major problems with this method. It is difficult

to obtain a good contact between the absorbent solids and the flue
gas, and small amounts of absorbent (S500/ton) are lost during
regeneration. This method will extract about 90% of the sulfur
compounds from the effluent.

Catalvtic Oxidation - In this process, S0, is converted to SO3 by
catalytic oxidation. The sulfur trioxide is then reccvered wichout
absorbent recyciing and rtegenerailion, eud with very iittle cooling

of the gas.

Electrolysis - In the electrolysis process, 50, is lOMDUQd from the
flue gas ov reaction with caustic soda. This Converts the caustic
scda to sodium bisulfate which can then be stripped to-release S0,
The SO, is sent tc a sulfuric acid plant end the remaining sodium
sulfate solution is sent to an electrolvtic cell., BEv use of a
special membrane, the electrolvtic cell can produce caustic scda,
sodium acid sulfate, dilute sulfuric acid, oxyvgen, and hvdrogen.
The process claims to produce 99% sulfuric acid, while reducing

&
bs
a

the S0, of the sitack gas to 50-150 ppm.

Catalvtic Reduction - This process invoives veaction of SO, in the
stack gas with hydrogen sulfide over a catalyst to produce sulfur
and water. Part of the sulfur is then recovered and the remainder
reacts with methane to produce additicnal H,S for use in the process.

Citrate Process - The U. S. Bureau of Mines has recently developed

a citrate scrubbing method for recovering SO, from snmelter gas, as
elemental sulfur. Gas containing 1 to 3 peré ent SO, by volume is
washed to remove pa1t1cu1 te matter and SO.. he gas 1is then passed
Up\aLd through a packed absorption tower, 8ountezca1zont to a dovn-
ward flow of a solution of citric acid (CQHSOH) and (\anOBJ. Over
90 ;mrcenL of the SO, is absorbed by the Citrhte solution.” The preg-
nant solution is thefl reacted with H,S in a stirred, closed vesse

to precipitate the absorbed SO. as elemental sulfur.

[N
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A nunber of processes are being examined that will produce gases which

can technically be treated within reasonable economic limits. Following is

a group of processes that could alleviate some of the sulfur oxide recovery

problems. Three of the methods have been known for many years while

continuous smelting is fairly new and has not been operated on a commercial

scale.

Electric Furnace - Large electrodes, rather than the traditional
burning of fossil fuels, are used to raise the temperature of the
concentrate feed to the reguired melting point. In most other
systems, the fuel which is burned with the concentrate forms

gases which dilute the concentration of sulfur oxides, thus making
recovery of the sulfur more difficult. With.the electric furnace
system, however, the only gases which are produced come from the
actual smelting of concentrates, since these gases contain high
concentrations of sulfur oxides, sulfur recovery is fairly easy.

ystem i1s that the converting, and
are still required, and energy

The main disadvantage with th ’
1er.

i
in some cases the rcasting step

;
requirements are considerably higl

S S5

S
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Flash Smelting - This system, like the electric furnace produces a
relativelv high sulfur oxide gaes concentrate. As the ore concen-
trates are smelted in a flash furnace the chemical reaction of the
oxidizing sulfide ores produces heat. The heat causes the ore
concentrate to consume itself very quickly (producing still more
heat]). This self-produced heat is enough to completely smelt the
ore as well as maintain the wolten matte and slag lavers. The
need for fuel mav be reduced and the only gases produced may

come from the smelting itself. Again as with the electric furnace,
a converting step 1is necessary to complete the process.

This process has been operated in several commercial size plants
using both copper and nickel concentrates as feed material. Hagma
Copper Co. recently announced plans to construct a flash smelter in
Arizona as part of their pollution control program.

Blast Furnace - Though some drawbacks exist (mainly the need for using
lump or agglomerated ores) the blast furnace is presently being
considered as a replacement for the reverberatory furnace. The rea-
sons for such a replacement are that the blast furnace: 1) often
combines the roasting and smelting steps; and 2) it uses relatively
lower amounts of fuel and air than the conventional reverberatory
smelter. Because of the combination of roasting and smelting, plus
the lower gas volume produced during the smelting, the concentration
of sulfur oxides in the exit gas is ex ted to be higher, & hicgh

sulfur rocovery, therefore, mav be expect As with the others,
a batch converting process is still required for the final metal
producticn, thus the blast furnace has some drawbacks,



Continuous Smelting - This is a new process currently being develovped
by several comzanies. Instead of involving three sequential steps

as does traditional smelting, it provides for each step to be
accomplished in a specific zone within a single, specially designed
furnace. FPilot plant tests on several of these systems have been
successful and commercial plants are being developed. This system

is designed to produce a uniform gas stream with a high concentration
cf sulfur oxides. This syvstem should also provide for more efficient
heat utilization and thus overall lower fuel,

ey
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Slag Disposal:

Along with the gases and dust produced at the extraction complex, solad
waste (slag), is also generated. Slag is composed mainly of complex iron
silicates which when cooled have a glass-like appearance. The slag can be
either granulated and stockpiled, or poured (while still molten) on the
land surface where 1t solidifies. Slag is basically an enert material,
because the potentially leachable ions are tied up in the silicates, and
cunoff from these disposal arveas should not be a source of water pollution.

The main environmental impact of slag is land use.

Cocling Waters:

Considerable quantities of coeling water is required in the extraction
facility. Table 6.2 shows rough estimates of these requirements. Two pyvro-
metallurgical alternatives were considered. If no sulfur oxide and particulate
recovery 1s assumed, then for an extraction facility based on the Gabbro Model,
approximately one to one and one-half miilion gallons of cooling water will
be required daily. However, if sulfur oxide and particulate recovery systems

are added, cooling water requirements will be approximately doubled.

Elemental Sulfuvr Disposal:
Elemental sulfur is not soluble in water under standard atmospheric

conditions and thus should not be a socurce of water pollution,
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Hydrometallurgical Extraction: Several types of hydrometallurgical svstems are

being considered in the pilot plant development stages to treat copper sulfide
ores and concentrates. If successful, these processes could eliminate air pollu-
tion control problems completely. However, it is possible that they could pro-
duce a new group of water pollution problems. Considerable amounts of water, as
shown in Table 6.2, will be required in the actual processing of concentrates
(unlike pvrometallurgical extraction where water is predominately used for cool-
ing purposes only). Most of this water would probably be recycled. If any water
were to be discharged or if recvcled through the tailings basin, losses of pos-
sibly impure water would have to be controlled. Tailings that would result from
this process could contain soluble salts and become a source of water pollution

during and after the operation.

DETINTN (T
Anil Lov N

The final step in metal processing is refining. If the extracticn method
is hydrometallurgical, the probable finai product would be refined metal.
However, if the method is pyvrometallurgical, then either the metal would be
refined elsewhere by an existing refinery or in a new refinery in Minnesota
(possibly at some future date when several mines are operating). Refining is
not resource oriented. Refineries are generally located close to the market
or at a site where the product must be transferred to a different transportation
mode, such as rTailroad to lake transport. Therefore, site location could fit

into a comprehensive state land u

w

e plan.

There are no major environmental coﬁsiderations associated with refining,
however, there are some minor ones that should be evaluated. Refining is
usually accomplished in a closed system by electrolysis. There should be no

zcid losses as all

jsv)

cid should be regenerated and recvcled, Some acid mist

may result during the process that mav need controlling. Small guantities of



slimes containing precious metals would probably be shipped to an existing
facility for custom processing. Any material remaining after further processing
would ultimately have to be disposed of on land. Estimated water requirements

are shown in Table 6.2.
TERMINATION

Termination involves the removal of facilities, the stabilizetion of
mining areas, and contouring and revegetation, to prevent air and water pol-
lution problems and to return the land to a state where it can potentially be
used for some other purpose when and if the need arises. In Novthern Minnesota,
land is not in great demand, so that in most cases, this would involve return-
ing the surface to s safe and reasonably natural state. When reclamation is
completed, pollution problems such as dust, erosion, and water quality can be

minimized. T overbuiden and tup

hic will require, in soms cascs, steckpilinm
soil for revegetation and water pollution abatement. Locations of tailings

basins and stcchpiles must be carefully evaluated. In order to minimize the

-

potential impacts, planning must be initiated at the onset of the operation
rather than just prior to termination.

The actual termination work results in some environmental impact. Large
equipment will be required to remove and dispese of facilities. Dust must be
controlled during this phase. Contouring and revegetation equipment and
supplies must be delivered to the site with periodic work required until the
site is in a suitable condition. Evaluvaticns should be made regarding water
quality in any open pits and undevground workings aleng with control techniques

if they are needed.



ANCT™ _ARY OPERATIONS

Ancillary operations include all the support requirements of the new mine
and its emplovees. They include power supplies and the required transport
facilities, the various typés of transportation equipment and accesses, ex-
pansion of existing or new townsites and satellite industries.

Probably the major impact associated with all of these support operations
is the increased land use. In most cases these increased land requirenments
will involve expansion of existing facilities or access and right-of-ways
to bring fuel supplies, railroads, etc., from the main lines to the new mine
sites.

In the gabbro areas where there is known mineralization, it appears that
no new towns will be required, however, one or more existing towns may have
to be expanded. In most cases these towns will have to provide expanded public
services, including such items as police protection, schools, water and sewer
facilities, etc. In Minnesota, the major portion of the cost of installing
such services has been born by the mining companies. Major consideration
must be given to the effect on these towns when the mines are closing. These
can be minimized somevhat by expanding existing towns ratiier than construction
of new ones.

A considerable quantity of raw materials will be required to supply the
new mines and the ancilléry facilities. Some of these will have to be obtained
locally, such as sand and gravel for construction purposes and if a smelter
is eventually constructed, limestone will be needed for flux. In acquiring
these materials such impacts as material availability, dust, noise and
vibrations, and land use should all be considered. Some provisions should also
be made to provide for the reclamation cf these areas. Proposed federal
legislation on mineland reclamation includes reclamation as a result of mining

these industrial minerals.



this chapter. Initial evalvation shows that no new power plants will
required in the early stages of greenstone mining and probably none will be
required for initial gabbro operations. However, if and when a smelter and
refinery is considered for lMimnesota, a power plant might be seriously
concidered as part of the complex,

Major environmental impacts associated wifh a power plant include:
particulate and gaseous emissions into the atmosphere, water appropriatio

for cooling purposes and thermal pollution from water discharge.

ENERGY REQUIRELMENTS FOR COPPER PRODUCTION

Energy requirements for mining and beneficiating of metals vary widely

depending on the grade of ore, the resulting concentrates and the technology
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estimates for the minimum smelter size that is being assumed in the Gabbro

Model. The following excerpt describes trenas affecting energy use in the
e o . . 1

copper smelting and refining industry.

¢ and refining processes are summarized

o

"Copper smeltin
briefly below.

Smelting tyvpically consists of reverberatory “wrnaciNW and
converting. In some cases, roasting precedes these steps
but roasters have not been installed in some of the newer

smelters. The reverberatory furnace fueled with oil, gas,
or pulvericed coal is the most widely used means of pro-

ducing matte (35% to 455 COLDGI), although blast furnaces
fueled by coke were used formerly and eleutrlc furnaces
reportpdlv are planned for use at three installations.

A recent estimate cf energy reguirements for 5melt1ng~
1nc]ude% 375 kwh of clectric power and 32,000 cubic feet
of natural gas (or the fuel 0il equivalent) per ton of

Energy reguirements are considered in more detail in a later section of

?as arch Insititute of Energy Consumption in the United
ffice of Science January, 1972, P. 110-111.

Lead, Zinc," FPacific Northwest Economic Base Studyv for Power
Vol. Il, Part 7c, U. S, Dept. of the Interior, Bonneville

S,
Power %in1n1ﬁtr‘uwon P. 921.

[\

[»¢]



anode copper. However, smelting costs and energy use vary

widely by installation, because of a number of variables,

-

particularly variations in the grade of copper concentrate

smelted.

Crude copper is refined to remove irwwrities. Mast
copper is refined by electrolytic deposition of cepper from
athodes followed by the melting of the cathodes
af

anodes onto ¢
in electric arc or fuel-7ived reverberatory or shaft fur-
naces to refine the copper to a minimwm purity of 99.90%.
An alternative method, firve entails furnace

processing only. A recent
for electrolytic refining
pOhel and 7,/00 LdbLC Tpet

L
es 615 kwh of electric
ural gas (or the fuel oi

;..\

energy requirements

1

Energy consumption in smelting of a ton of anode copper by
the most widely used process is about 33,5 million Btu, and
the subsequent electrolytic TPflﬂlﬂU consumes an additional

6.8 million Btu for a total of 40.1 mil
the primary production of copper was 1,
40 miliion Btu per ton the total ensvgy
have been about 70 trillion Btu. This
magnitude estimarte, however, because
typical energy use factor in the copper industry.
same estimating problem exists in regard to the Trecovery
of secondary copper, which can entall smelting old scrap,
1encl ting new scrap, and further refining it electro-
lytically or by fire refining.

ion Btu. In 1969
15,000 tons and a
onsumntion would

]
-
/

T
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The

Changes in technology in the domestic copper industry are

<
L

I
is only an order of
there evidently 1s no

likely to be substantial during the next decade in response

to air polliution control efforts., Scoveral installations
reportedly plen te expand capacity Ly means of electric
smelting in spite of ovbts of some observers that
pollution control reqguivements can be met, Electyric fur-
naces would have a lower erergy input per ton of metal
output than reverberatory furnaces beczuse of an advan-
tage in combustion efficiency. According to one expert,
alternatives toc conventional practice that could lead to
lower smelting costs with improved pollution control
include (1) bypassing the reverberatory step; {2) flash-
smelting to minimize the need for converting, by produc-
ing a high grade matte (sav 60% copper), and (5) auto-
genous smelting using oxyvegen enrichment of the converter

August,
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“L. Milliken, "What 1s the Future of tne Copper Smelter?”, Journal

" Pacific Northwest Economic Base Study for Power lMarkets
ent. of the Interior, Bonneville Power Adminlstingu“,
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ro

o



blast to increase conversion rates and decrease fuel consumption
One copper producer reportedly had invested more than 3530
million in a nearly completed reverberatory smelter only to
commit akout $530 million to the alternative flash smelting

process."

The energy requirements for copper mining, smelting and refining avre

ot
e
o]

. : . 1
estimated by A. J. Silverman at the University of  Montana. to be on

order of 53(106) BTU/ton of copper metal produced at Anaconda in Butte,

Montana. According to studies by Stanford Research InSEltUtez and Oak Ridge
National Laboratorys, this figure would be considered low. Stanferd Research
Institute estimates 53.3(106) BTU/ton for smelting and another 6,8(106] BTU/ton
for refining, or 40.1(106) BTU/ton without consideration of the energy
requirements for mining and milling. Oak Ridge National Laboratory gives a
figure of 46.1(106) BTU/ton for 1% sulfide ore and 84,4(106) BTU/ton for 0.2%
sulfide ore.

Using Stanford Research Institute estimates of the electrical energy
requirements for smelting and refining copper, a model smelting and refining
operation (based on the Cabbro Model) producing 62,415 tons of copper annually
will require 61.8 {106) kwh/vear of electrical power and 2.3 billion cubic
feet of natural gas. This electrical energy requirement vepresents (.42% of
Northern States Power Company's 3,482 MW capacity in 1970, If Silverman and
Oak Ridge National Laboratory estimates are converted to electrical power
equivalent, Silverman's estimate (10,640 kwh/ton of metal) becomes 664 [106)

kwh/vear which represents 4.5% of Northern States Power's total sales in 1970

Personal Communication to Weston Fisher from Arnold J. Silverman,
September 2Z, 1972,

5
“Stanford Research Institute, Patterns of Energy Consumption in the United
States, Uffice of Science and Technology, Washington, D.C., January, 19,2
p. 111, B

Y0ak Ridze National Laboratory, Energy E

Production and Recvele of Metals, ORNL-M
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and ““e Oak Ridge National Laboratory estimate for mining and processing 1.0%

: - = . - e 6 o .
sulfide ore (13,532 kwh/ton of metal) becomes 762 (10°) kwh/vear which represents

-

5.2% of Northern States Power's total sales in 1970.

Using Bureau of Census data, a set of energy requirements can be

estimated for smelting and vefining (see Table 6.7). Forty million kwh/yvear of

o
i

electrical energy revresents 0.27% of NSP's total sales in 1970. If the total

energy used is converted to electrical power equivalent the energy required
would be approximately 607 kwh/year or 4.1% of NSP's total sales. Thus, the

Bureau of Census figurss compare reasonably well with those derived using the

estimates from Stanford Reseevch Institute and Silverman. The estimates are

o0

summarized in Table 6.
For copper, the quality of the mixed ore 1is ranidly falling nationally

(from 4% to considerablyv less than 1%) and the use of low grade ores may

and

increase total energy expendituves by 75%. Significantly higher minin

s

w9

Cq . Lo 1
milling energies are anticipated.

RECYCLING OF COPPER

ost copper scrap is obtained from wiring and electrical fixtures result-

ing from electric utility demolitions (34% of obsolete copper scrap), spent

. . ) . 2
ismantling (4%) are also important sources.

cartridges (4%), reilyoad car

o

P

Nearly 65% of copper consumed is made into electrical wirve which is used
principally in industrial applications, utilities, and motors where the

copper is recovered. Brass mills, which account for nearly 34% of consumption,
produce industrial products such as boiler condensors, ship propellers,

3 Al o~ . . £ o vy R s s s
industrial cocks and faucets, artillery cartridge cases, and similar products

that are normally salvaged.

ak Ridge National Leboratory, Energy Expenditures Asso
duction and Recyvcle of Metals, ORNL-MIT~132, May 26, 197

ot
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Table 6.7 Estimate of Energy Reguirements

Based on Bureau of Census Data

Gabbro iodel

Total U. S. copper fron imafv

1,353, OOD tonst

copper/year

in 1946

Total fuels and power Fuel and power ¢eq“1v@ment
consumed 1in CCppsr for a smelter and refinery
Smelulng and refining based on the Gabbro Model
9[
Coal 159,700 tons 7,360 tons
Coke 12,800 tons 591 tons
Fuel 01l 1,574,900 bzrrels 73,000 barrels
Distillate 120,900 barrels 5,600 barrsls
Res 1 1,454,000 barrels 67 .L00 parrels
Gas 26,306 million 1,210 million
cu., ft. cu. It.
Purchased Electric 859.8 willion Kwh LO million Kwh
Energy
Totzl Energy Used for 13,119.8 millicn Kwh £07 million Kwh
Heat and Power
1. U. S. Bureau of Mines, Mineral Facts Yearbook
2. U. S. Census of Manufacturers, 1967, 33-C-32
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Table 6.8

(annual production 62,415 tons of copper

Based on the Gabbro Yodel

Sumnary of Estimated Energy Requirements

ner vear)

Estimated annual
electrical energy
requirements for
smelting and refining
(kwh/year)

Estimated annual
energy requirements
in electrical power
equivalent for smelt-
ing end refining
(kwh/vear)

Total estimated annual
energy requlrements in
electrical power ecui-
valent for mining,

=
smelting and refining

(kwh/year)

Stanfo
Research In

61.8 (20%)

664 (109)

Ozl Ridye
National
Laboratory

(based on 1%

Sulfide Orej

762 (10%)

40109

607 (10%)




Small and large household applicances are the only significant source of

s
copper in municipal wastes. Recovery of scrap from this scurce would reguire
that the stripping and ceollection be subsidized in some way. Thus, much of it
presently finds 1its wa) into municipal waste systems despite the high value
of copper as scrap.

The energy requirement for recyciing is considerably less than for pro-

L B <o

wnt for copper irom 1.0% sulfide

duction from virgin ore, Whereas the reguire
. . . W i - 6 ) . - L
ore is given by ORNL at 46.2 (10 ) RTU/ton, the requirements for recycling of
~

98% pure copper scrap is only 2.0 (107) RTU/ton end for impure copper scrap

2
5.5 (10°) prU/ton.”

w
O]

Table 6.9 shows copver scrap as a percent of total consumption for the

years 1963 through 1967. A move detailed breakdown of 1967 consurption is

v

shown in Table 6.10. '"Primary Industrial Scrap'' is copper that is circulating

within the actual copper prcducing industry (smelters, refineries, etc.).
"Secondary Industrial Scrap' is copper that is circulating through the other

sectors of the industrial complex. 'Obsolete' copper is old scrap

that has been actually used and is being recvcled for additional use.
Potentially, 75% of copper produced is recyciable. This includes primary

and secondary industrial screp.

U. &. EPA, Salvage Markets forx

"
“Bravard, J. C. and Portal, Charle
the Producticon and Recy

Laboratowry, May 26, 1971. Table 1, »n.

3 \

Bravard, J.C. and
Production and Rec
Laboratory. ilay

Energy Exyenditu
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Table 6.9

Consumnt

tion and Recovery of Copper

B3
in the 1963-1967 Period

(thousands of tons)

1863 19064 1965 1966 1967
Recvcled Scrap 1,360 1,513 1,735 1,868 1,541
Copper Consumation 2,573 2,779 2,921 3,200 2,913
Scrap as percent 52.9 54.4 59.4 58.4 52.9
of total
* Revised Table from U, S. EPA, Salvage Markets for Materials on Solid
faste, 1977, Table 43,D. 64-5.

(o3}
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Data Summary of 1967 Consumption of Copper

(thousands ot tons)

Total Consumption Valuge in $/ton Recycled Scrap
Primarvy Industrial Sccondary Tndustrial Obsolete  Total
2,013 7064 Q4 785 662 1,541
Nealer's Buying Price for Scrap §/ton 380-220
Serap as % ol Consumption 52.9
Scrap as % oof Consumption Exciuding Industrial Scrap 22.8
¥ Revised Table from U. S, BPA, Salvage Markets feor Materials in Solid Waste, 1972, Table 40, p.

6A4-2.
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ECOT "5ICAL INVENTORY

If a proposed mining project 1s to be truly representative of the

actual mining operation, the environmental considerations must be in-

corporated into the initial feasibility studies. In a paper given at the

Natural Resources Environmental Law Institute sponsored by The Rocky

1

sountain Mineral Lsw Foundation, Dr. Beatrice E. Willard dis sed the

«

collection of ecological information and its use in determining the environ-

mental impacts of a proposed project. Following is an outline of this talk

o .. . . 1
which briefly discusses the essential steps.

T, Introduction

S50 that we will all commence from the same basis, let me define
three terms:

1. Environment - the total complex of physicel and chemical
factors in any given site

2. Ecosystem - any recognizable segment of the landscape that is

relatively homnogeneous and discrete from other segnents. An
ecosystcem is cor pcsed of three things: cuvironsent factors,
organisms, and the dynamics -- the interactions -- the processes
that operate among them. It is truly a system, cne that is far
more complex than any made by man.

5. tFCOAO"\ - the scie

nce that studies the ecosystem; ecology is
T 1t

&
not the ecosystem itself o Cs components.

IT. What ec ical information is needed in prevaring an Environmental

Cement?

Unless we know what is on a site, in all seasons of the year, we

annct answer the five basic questions in the (EQ guidelines. All
ecoloo'cal information is necessary, but some is more valuable and
more 89A1¢L9b1 depending on the situation. And much of the infor-
mation has not yet been gathered.

1., .
Willard, Beatrice E., "

., "Ecological Inforn L]on Necded For Environmental
Impact Statements' Natural Resources Environmental Law Tnstitute,
Denver, Colorado, February Z6, 1972
} 3 - 3
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There are seven basic principles of ecology that assist in deter-
mining impacts:

1. Evervthing affects evervthing else., Although we cannot view
the entire network and all its Zunctionins now, all data point to
this principle.

2. All living things have niches that are in ecosvstems. Niches
are roles; an ecosyvstem is composed of the interlocking roles of
its plants and animals and nan. But, white man has not quite
found his true vole in harmony with the other speacies,

3. Materials cycle and recycle in ecosystens but ensrgr flows in
and out, losing capacity with exchange. .a;te vroducts of one

organisms are a resource for another. Pollution can be reduced
by applying this principle.

4. The nrinc'al? of llmlLlﬁU y factors is that all organisms are
limited in numberx ] © o meximum or minimum in
one or more envir e Lhcs are known
quantitatively, the icant' impact is known.

5. EFach ecosystems has a carrving cavacity of producers for
conswners. As long as alteration 1s within the carrving
capacity, a healtihy ecosystem can be maintained.

6. All ecosys co throuch transitory oes until they reach
a stage of u}na équilibrium that is ermanent,
Alteration of transitor)y ecosystemns recovers nuch more rapidly
and is less damazing than in permanent ones.

ion of organism in an ecosvsternr, the more
em; the more diversity, the norce
e Alteration that reduced diversity,

+
o
4
v
4
L

The basic principles of ecology aoply evervwhere, but one needs
data to know the vualitative and quantitative applications. For
example, the amount of productivity is very different between the
alpine tundra of Mt. Evans and the meadows of South Park. The
degree of difference will determine how many sheep or deer can
be successfully maintsined on either ecosvstem while still
keeping that eccosyvstem viable. These princinles form valuable
guideposts in estaplishing threshold values 1n impact statements.

With these principles in mind, these are the steps in data gathering:

1. Preliminary reconnaissance of tile area under consideration by
the onsible for preparing the EIS. This step is vital,
for it's virtually inmpossible to prepare a truly valid EIS without

(O3]

[¥s}



seeing the property. On-site inspection provides an integrated

view of the physical, chemical, and blological components of
ereso

the ecosystem. XNone of these factors operate alone; therefore,
analvsis of impact on the factors has to be from a syvstems

approach,

The trained ecologist has geared his thinking to this approach
over years of study of ecosvstems in action.

An exanple of how the untrained eve interprets ecosvstems comes
from the AEC. Just after World War 11, one of the HNation's
top ecologists was visiting one cof the reactor sites He noted
nunerous dead trees close to the plant and asked about them.
t's been an exceedingly dry vear and many trees are
e

He was told "It
dving." But he had alreazdv p?L“El ‘ed that the site was on the
north-facing slcpe -- always the more moist in the Northern
Hemisphere and that trees on the south-facing slope were
healthy. His training was integrating all h@ knew of environ-

ment, organisms, and processes to come up with a different
answer: that rad 'ﬂonz probably had killeu these trees.
This observation led him to vpropose a highly sophisticated

i
&

ogical research program for the AEC, which has been in

ration nearly 20 vears.

(DO
=

On-site inspection needs to be coupled with careful study of the
proposed duvel pment to identify what tyvpes of dats will be
needed.

2. Second, identification of e ta, its deoth and current
applicability ié‘mjlg‘gywbont acting covernment agencies, review-
ing what 1s in company files, published literature, even pet
projects of Jlocal natural history clubs.

3. Third, cf critical facters. This may be done by
use of some matrix as U. &, G. 5. bulletin 645, or simply Dy
listing them during steps 1 and 2 A checklist or matrix helps
avosd ¢ factors This step together with #£2,
iden additional information is needed.

4. Fourth, put together a team with expertise in various facets of

the ecosystems under consideration. This team will:

a) review existing data, evaluate and analyze 1t in light of
the given pxo.%ct.

b) conduct additional field work to augment data in deficient
factors

¢j identify and describe the ecological processes operating on
the site;

d) predict impacts that \111 resul® to organisms, envivonment
factors, d ecological processes because of the project.
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The team approach is essential, because the operation of an ecosystem
is so vast and complex, it is very difficult for any single individual
to know everything about it. Even in regard to the one I know
intimately -- the alpine tundra -- at times, I seek the advice of
other experts to augment my own understanding. I ask soil scientists
guestions about rate of soil formaticn, its composition, its micro-
organisms; zoologists about behavior, age _eedlnc habits of animals;

oY
etc.

Such a team will have the following disciplines represented -- some-
times several by one individual:

1. Climatology 7. Water quality
2. Hydrology ’ 8. Recreation
3. Geology 9. Scenic resources analysis
4, Soil science 10. Archeology and history
5. Plant ecology 11. Political science
6. Animal ecology - often several with 12, Environmental design
expertise on different groups of
animals -- there are nearly 2 million

animals, so one person cannot master
the entire field.

Depending on the site, there may be more or less importance given to
each discipline. But all are needed on each analysis. And sometimes
there is need for these additional disciplines:

plant and animal pathology cultural anthropology
noise pollution economics
radinlogy sociology

Data collection mneeds to go through a single seasonal cvcle, if at all
possible. Some organisms are only present part of the year. Some key
processes operate only part of the year -- some may only operate once

in 5 or 10 years, but it is unreasonable to expect an inventory study

to continue that long at this point in time. This fact does indicate
that we need much more continuous monitoring of ecosvstems and much more
indepth ecosystem investigations than are now being conducted in our
Nation.

Presentation of data in a form useful to determination of impact: The

inventory data can be stored on computer tape in such a way that over-
lay maps can be produced. Or such maps can be made manuallyv. Verbal
descriptions need to accompany computerized or overlav information.
After the data are recorded, they are ready for analysis of impact
occasioned ©y a speci fic development. This is best done by the in-
vestigators who gathered and analyzed the data.

""Significance' can be defined ecologically as being outside the limitin
factors or carrying capacity of the ccosystem. It can also be defined
as reducing the ecosvstem to prima: ansitory stage where 1t takes

i to recover., Bu. : t 1ese guidelines have to be
the synergistic 2tion of the ecosystem.




In order to help provide an overall basis for detailed ecological surveys
in Minnesota, regicnal information was collected and compiled covering the

following nine subject areas:

1. Soil Types 6. Mineral Resources

2. Depth of Overburden 7. HMineral Lease Aveas

3. Forest Trpes 8. Potential Sites and Features

4. Water Resources (Historic and Scenic)

5. Geology 9. State and Federal llanagement
Areas

These maps are available for review at the Department of Natural Rescurces'
office. Because of the varied environment of Northern Minnesota and the
tremendously varied environmental impacts, there is need to establish a strong
pre-operational monitoring program in each area as deposits are discovered.

To date, the only area that is known to contain significant mineral resources
is located between Elv and Hoyt Lakes in the gabbro formation (See Chapter 2,

T e -
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REGULATORY AUTHORITY FOR STATE ENVIRONMENTAL CONTROL

There are two State Agencies, Pollution Control Agency and Department of
Natural Resources, that share the primary authority for environmental control
in Minnesota. In addition the Counties are primarily respensible for land use,
through their respective zoning ordinances.

The Minnesota Pollution Control Agency (MPCA) was created in 1967 "to meet
the variety and complexity of problems relating to water, air and land pollution
in the areas of the state affected thereby, and to achieve a reasonable degree
of purity of water, air and land resources of the state consistent with the
maximum enjoyment and use thereof, in furtherance of the welfare of the people
of the state".l

The Department of Natural Resources (DXNR) was originally established in 1931
as the Department of Conservation. The Department of Natural Resources through
its commissioner '"shall have charge and control of all the public lands, parks,
timber, waters, minerals and wild animals of the state and of the use, sale,
leasing or other disposition thereof, and of.all records pertaining to the per-
formance of his functions relating there to'.?

In general the commissioner is given ''charge and control over the waters of
the state and of their use, sale, leasing or other disposition’'. More specifically
he has the power to devise and develop a general water resources conservation pro-
gram for the state, which shall contemplate the conservation, allocation and dev-
elopment of all the waters of the state, surface and groundwater, for the best

interests of the people.” .

N

IMinnesota Statutes 1971, Section 84.027

ZMinnesota Statutes 1871, Section 84.027
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The Department has also been given jurisdiction and responsibility to

promote and regulate
The Minerals Section
agent for the public
and administering of
for the counties and

millions of acres of

the exploration and extraction of state-owned minerals.
of the Division of Waters, Soils and *inerals acts as
schools, the University and the Department in leasing
state-owned mineral rights., They also act as agents

local taxing districts in leasing and administering the

mineral rights acquired through tax forfeiture. This

policy of promotion and regulation has been summed up in the 1969 Mineland

Reclamation: Actt which covers all lands within the state as follows:

"DECLARATION OF

POLICY. In recognition of the effects of mining upon

the environment, it is hereby declared to be the policy of this state to

provide for the reclamationof certain lands hereafter subjected to the mining

of metallic minerals where such reclamation is necessary, both in the interest
of the general welfare and as an exercise of the police power of the state, to
control possible adverse envirommental effects of

resources, and to encourage the planning of future land utilization, while at

the same time promoting the orderly development of mining, the encouragement

of good mining practices, and the recognition and identification of the

beneficial aspects of mining".

2
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mining, to preserve the natural

Water Resources: The primary responsiblity of the Department of Natural Resources

in regard to water rescurces management in
use and development of the water resources

the people of the state and to protect the

the state is to provide for the wise

public health, safety and welfare.

of the state in the best interests of

In

1Minnesota Statutes

1971

1971, Sections 93.44-93.51

, Section 93.44



furtherance of these objectives, the legislature declared that the state
shall control the appropriation and use of waters of the state, both sur-
face and Uﬂdergroundtl

Supplementary and complementary to this policy is the policy relating
to control of activities in public waters which provides that all waters
in streams and lakes within the state, which are capable of substantial
beneficial public use, are public water subjéct to control by the state,
This policy further states that the public character of the waters shall
not be determined by the ownership of underlying, overlying or surrounding
land or on the case law test of navigability of the lake or stream,!

Within this policy framework, the Commissioner of Natural Resources is
authorized to administer a regulatory program to control the appropriation

2

and use of waters of the state® and any changes in tne course, current or

cross-section of public waters, o

Water Appropriation and Use:

The present law provides that "It shall be unlawful for the state, any
person, partnership or association, private or public corporation, county,
municipality or political subdivision of the state, to appropriate or use,
any waters of the state, surface or underground without a written permit from
the Commissioner”.? Other provisions relating to water appropriation and use
require measuring and submission of water use records and general information

on the location, type and characteristics of any water use systenm.

Iiinnesota Statutes 1971, Cection 105,38

2

Minnesota Statutes 1971, Section 105.41

“winnesota Statutes 1971

3
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Che~ges in the Course, Current or Cross-Section of Public Waters:

Present laws provide that it shall be unlawful to construct, reconstruct,
remove or abandon, or make any change in any reservoir, dam or waterway ob-
struction in any public water or to change or diminish the course, current, or
cross-section of any pubiic waters, wholly or partiy within the state, without

. . . o . 1
a written permit from the Commissioner of Natural Resources.

Permit Considerations:

The statutes provide specific procedures for: applications for permits;
issuing permits and order relating to the permits, time limits of permits,
appeals from Commissioner's determinations? violations, and enforcement ,

There are several portions of the statutes which contain specific con-
siderations and provisions relating to mining.

Permits granted in connection with mining, transporiing and concentration
of taconite and the mining, production and beneficiation of copper, copper-
nickei and nickel shall be irrevocable fcr the term specified in the permit when
issued unless the permittee consents or unless there is a breach or non-per —
formance of any conditions of the permit.4

One section of the permit was specifically designed to establish pro-
cedures and guidelines for relating the general permit laws to the drainage,

diversion or control of water resources to facilitate mining.

3,

Minnesota Statutes 1971, Section 105.42

e}

Minnesota Statures 1071, Sections 105.44-105.47

“Minnesota Statutes 1971, Sections 105.54 and 103.55

dMinnesota Statutes 1971, Section 103.46



Drainage Diversion or Control of Water to Facilitate Mining:

The Commissioner of Conservation is permitted by statute to grant permits
for the drainage, diversion, control of use of waters when necessary for mining.
In 1949, the legislature granted the Commissioner such powers as they related
to the mining of iron ore and taconite. In 1967, the legislature expanded this
permit power to copper, copper-nickel, and mickel mining. FPermits may be granted
mder this statute upon the following determination by the Commissioner:

1. That the proposed drainage, diversion, control or use will be

necessary for the mining of substantial deposits, and that no
other feasible and economical method therefore is reasonably
available.

2. That the proposed drainage, diversion, etc. will not substantially
impair the interests of the public in lands or waters except as
authorized in the permit.

3. That the proposed mining operations will be in the pulic interest.?

Other provisions of this statute relate to acquisition. of rights and
easements, terms of permits, and specific conditions relating to the modification,
cancellation or suspension of permits. All of the provisions in this section
amplify the law as it relates to mining and compliment or supplement the existing

. . 2
basic permit laws.<

Environmental Aspects of Permits:

The various mining activities require that large amounts of water must be

Tier . . -
“Minnesota Statures 1971, Section 105,64

.

Minnesota Statutes 1871. Section 105.41-105.55
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handled and used ranging from drainage of mining areas to transporting of
rmaterials to actual processing. The State of ‘Minnesota pelicy is to con-
serve water resources of the state through a program of wise use and dev-
elopment which will seek to preserve these rescurces from loss, injury and
violations. The state should ensure, insofar as is reasonable and practical,
that any proposed mining activity will be adiusted to conform to the resource
and its capabilities and will minimize encroachment, change and damage to
the resources. Since many mining activities require major changes in the
resources there must be provision for making adjustments or compensations
which will alleviate the detrimental aspects.
Activities which might significently affect the quality of the environment
must be carefully assessed in regard to:
1. The changes in the water and adjacent land environment which
could be anticipated as a result of the proposed activity.
2. An analysis of all possible detrimental or unavoidable effects
which would most likely occur if the activity were permitted.
3. A comparison of immediate benefits or detriments with possible
future (long term) benefits or detriments,
4, The irreversible and irretrievable committments of water
resources which would be involved.

5. Consideration of all possible alternatives to the proposed action,

The state agencies have many existing progrems which must also be considered

in the evaluation process. For example, in considering permit applications for

mining activites the Commissioner of Natural Resources will be guided by assuring

that the proposed activitiss are reasonably compatible with the goals and ob-

jectives of other existing natural resources managenment programns including:



1. Flood Plain Management

2. Shoreland Management

3, Water Surface Use Management

4, Game and Fish Management

5. Forestry and Land Management

6. Recreation MManagement

In granting peymits for mining activities the Commissioner of Natural
Resources may impose any conditions he deems necessary to protect the public
interest. In gemeral the Department of Natural Resources recommends maximum
development and utilization of underground water supplies from existing mine
pits and sumps in preference to creation of surface reservoirs., A recent,
permit issued for a taconite processing operation contained the following
specific conditions:

1. Conserve, recover, and reuse as much water as possible,

2. Reclaim for use any water from open pits located in the area of

the plant.

3. Provide a specified minimum water flow below any impounded water supply.

4. Prepare and carry out a management plan for present and proposed

future use of the area involving fish, wildlife, and the environ-
ment .

5. Reimburse the State for stocking with fish any disrupted lakes.

6. Provide and maintain public access to natural lakes and proposed

reservolrs.

7. Make available, where practical, land for public hunting and

3

fishing.



8. Revegetate tailings basins to minimize wind and water erosion.

0

. Restore the watershed, in those areas where tailings basins
become permanently inactive, to the condition (similar rate and
direction cf water flow) which existed prior to the basins con-
struction.
10. Post a performance bond for assurance of tailings basin restoration.
11, Comply with all Federal and State laws and regulations.
12. Construct facilities (dams, water ways, punping stations, tailings
basins, etc.) to the specifications listed in the company's applica-

tion for permit.

Shipstead-Newton-Nolan Law:

Should base metal development be considered in the gabbro complex of

O
)

Northeastern Minnesota, part of the surface area will be subject t
under the Shipstead-Newton-Nolan Act (Figure 6a). This act was passed in 1930
by the Congrecs of the United States to "promote the better protectiun and
highest public use of lands" in an area of Northern Minnesota. Specifically the
act provides for the preservation of shorelines, rapids, beaches, and other
natural features of the region by not allowing any further alteration of the
natural water levels without specific authority for granting authorization from
the Congress of the United States.?

Little Shipstead-Newton-Nolan Act:

Legislation complinmentary to the Federal Act was passed by the state leg-

>
p—s

lact of Congress of July 10, 1930 (Chapter 88



Y

&4

Y

o N T

= 16 MILES

w
|

=T

 SHIPSTEAD-NEWTON-~MOLAN AREA BOUNDARY
SCALE

~=~-.--DULUTH GABBRO COMPLEX BOUNDARY

Harbors

™o

17

. . "ot M\)v
; I N
o ! Lot , N
; . .... N “ u N | //; .
™ ..u./aiM . mn.z. b N\ i ~ f /.J
- [ N S 7' N S - ~
n . : i ~ J— i : ~_ . <
b : v ! N -~ I
- . t -» \11 i - jo
T T . o -
: Wl ) - e
b4 : I i S r%l}
: ~ : .“
° oo S SR
e TN o w

Nolan Act

Londs Included in the Shipstead - Nawton -

Figure 0Q

18

"

20

1 :
LOUIB |

21

..................................

CARLTOE“F’ -

T

e e, T T T - T
[ L=
o Uy
. —_ S O e U e
U od = 0 - S S oY o ) ¥ = a - L
[ SN NI, S T = 2 ~ _ o
SIS T o eN e 8 e 4 a4 a o o ol & § < g




islature in 1933 in the form of the Little Shipstead-Newton-Nolan act.l The
State Act encompasses the same lands and provides for essentially the same
types of preservation as the Federal Act although in some details it seems to
be more specific. In 1967 the Little Shipstead-Newton-Nolan Act was amended to
allow for the use of waters in a limited portion of the area for the mining,
and processing of copper, copper-nickel, or nickel ores under the following
conditions and restrictions:
1. A permit or permits for the use of such waters should be first ob-
tained from the Commissioner of Conservation {now Commissioner of
Natural Resources) under Minnesota Statutes 1965, Chapter 105, so
far as applicable, and under any other applicable laws;
2. All water withdrawn from said lake and said river in connection

4

with said operations except such as may be lost by evaporation

or as is contained in the concentrates produced shall be returned
to the drainage basin from which taken in conformity with the
water guality standards for the affected water systems which shall
have been established by the water pollution control commission or
other properly constituted state pollution control agency (now
Minnesota Follution Control Agency) having jurisdiction thereof;

A permit shall have first been obtained from the water pollution

@3]

control commission (now Minnesota Pollution Control Agency) under
Minnesota Statutes 1955, Chapter 115, insofar as applicable and

>

under other epplicable laws for the construction, operation and

Liinnesota Statutes 1971, Section 110.13



maintenance of disposal systems in connection with such operations;
and

4., No lands owned by the state shall be flooded or otherwise affected
thereby witaout permit, license, or lease for such purpose having
first been obtained from the commissioner, The granting of such

permits, licenses, and leases is hereby authorized,.

Water Pollution:
As previously mentioned the MPCA has broad authority to regulate water

pollution under two separate acts. Under the State Water Pollution Control

Actl, the MPCA was authorized to establish pollution standards for all sur-

o

face and underground accumulation of water in the state depending on their

. 2 . . s
present or potential use, MPCA's jurisdiction extends to sewage, industrial

ute oxr tend to pol
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wastes, and all oth wastes that 'may pol
in the state.” MPCA may also order discontinuance of the discharge of any
waste which exceeds the applicable standards, T[he agency may require pes-
mits for any discharge of wastes or for any disposal system.4 Under the

1963 Municipal Water Pollution Control Act, the Polluticn Control Agency

was given the authority to classify the waters of the state '"in accordance
1

with considerations of best usaege in the interests of the public,' then to

Ul

adopt standards of purity and quality for each classification.

[]

Liinnesota Statuzres 1971, Secticn 115.01-.09. This law was en:cted in 195& an
administered by the Water Follution Control Commission. ‘hen MPCA was eated
in 1967, it tock over the duties of the Commission., See quneﬁota Statu es 1971,
Section 116.02, Subd. 5,
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“Minnesota Statutes 1971, Section 115.03, Subd. 1
Slinnesota Statutes 1971, Section 115,01, Subd. 2-4.

Slinnesota Statutes 1271, Section 115,03, Subd. 1, 4

°Minnesota Statutes 1971, Section 115.44, Susd. 2, 4
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MPCA appears to have the authority to indirectly impose certain land
use controls relating to water pollution under these two provisions. Some

land uses can clearly be regulated--such as storage of wastes that might

escape into and pollute waters of the state, ! In classifying waters of the

state, MPCA mayv also consider, among other things, '"the character of the

di

wi

trict bordering said waters and its peculiar suitability for particular

«

uses, and with a view to conserving the value of the sawe and encouraging

the most appropriate use of lands bordering said waters, for residential,

e}

4

agricultural, industrial, or recreational use.'” However, in exercising

its powers, MPCA is directed to consider the operation and expansion of

business and industry, and other matters affecting the "feasibility and

practicality' of its actions, including their effect on municipal tax bases.”

Existing water classifications applicable to the Boundary Waters Canoe

Area are WPC 14, 15, 23, 25, 26, and 27.

3

The standards and classifications undexr WPC 15
and 25 cuxrently apply to the following waters:

Waters Classification

St. Louis County

Little Vermillion Lake 1B, 2B

Loon River 1B, 2B
Loon Lake . 1B, 2B
Lac LaCroix 1B, 2B
Bottle River 1B, 2B
Iron Lake 1B, 2B
Crooked Lake 1B, 2B

“innesota Statutes 1971, Section 115.43, Subd. 3 {1}
-

Tinnesota Statutes 1971, Section 115,44

Minnesota Statutes 1971, Section 115.43, Subd. 1
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Waters Classification

o
o

Lake County

Basswood River 1B, 2B
Basswood Lake : 1B, 2B
Pipestone Bay 1B, 2B
Newton Lake 1B, 2B
Fall Lake ‘ 1B, 2B
Kawishiwi River (source to Fall Lake) 1B, 2B, 3B
Sucker Lzke 1B, 2B
Birch Lake ' 1B, 2B
Carp Lake ' 1B, 2B
Melon Lake 1B, 2B
Seed Lake 1B, 2B
Knife Lake 1B, 2B
Little Knife Lake 1B, 2B
Cypress Lake . 1B, 2B
Swamp Lake | 1B, 2B

Cook County

Sagenaga Lake : 1B, 2B
Mardboorf Leke 1B, 2B
Oneiss Lake | 1B, 2B
Granite River 1B, 2B
Pine River 1B, 2B
Rose Lake | | iB, 2B
Rove Lake 1B, 2B
Watsp Lake 1B, 2B
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Waters Classification

Cook Countv cont'd

Mountain Lake 1B, 2B
Pan Lake 1B, 2B

All of the lakes and streams listed except for Pipestone Bay, Newton Lake,

Fall Lake and the Kawishiwi River are part of the international boundary

Q)

between the U. S. and Canada,

All other waters within the Boundary Waters Canoe Area are intrastate
waters and are covered by water quality standard WPC 14. These intrastate
waters are not now classified. Proposed regulation WPC 24 is intended as a
companion to WPC 25 and would classify these intrastate waters, The guide-
lines used as classification for waters in the BWCA for proposed regulation
WPC 24 are as follows:

1. All waters (lakes and streams) are classified 1B.

2, All lakes and streams managed by DNR for trout (cold water
fishery) are classified 2A,

3, All lakes not classified 2A are classified 2B,

4, All major streams are classified 2B,

5. Small intermittent streams where fisheries could not be maintained

are classified 2C,

Regunlation WPC 23 is the applicable minimal effluent standard which sup-
plements the water quality standard and classification.

Regulation WPC 26 is an effluent standard for discharge to Fall Lake,

Regulation WPC 27 is an effluent standard for discharging to the intrastate

waters of the Lake Superior Basin. This regulation limits the concentration of

phosphorus to 1 milligram per liter.
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Regulations WPC 15, 25, and 28 are interstate water quality standards,
classifications, and effluent standards, respectively. In this area, they
apply to the St. Louls River and Seven Beaver Lake, which are classified
2B, 3B and 2B, 3A, respectively.

All other waters in this area, except for the St, Louis River and Seven
Beaver Lake, are intrastate waters and are not specifically classified.

The guidelines used for determining the classification for these waters
in proposed regulation WPC 24 are as follows:

1. If lakes and streams were managed by DNR for trout or cold

water fisheries, they are classified 24,
2, All lekes not classified 2A were classified 2B, warm water
~fisheries.
3. A1l major streams were classified 2B if not managed for cold

water fisheries,

4, Small intermittent streams where fisheries could not be main-

tained were classified 2C.

You will note that all of the classified waters previously cited are
either in or tributary to the Boundary Waters Canoe Area, Most of the other
water bodies in mineral potential areas of Northern Minnesota have not been
classified to date. Until specific classifications are promulgated, Section
(a) (4) of regulation WPC 14 is applicable as the standard enforceable to any
specific waters,

Regulation WPC 4 is a statewide regulution covering liquid storage

facilities.

-
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Regulation WPC 34 is also a statewide regulati on the state grant program



for assistance in the construction of wastewater treatment works.

Should an industry seek permits for copper-nickel mining, they would
have to establish with MPCA that thev can comply with the new Water Pollution
Control Amendments of 1972 which call for the best practicable technology
by 1977 and the best available technology by 1983, 1In addition, should
sufficient public interest in copper-nickel mining exist, it would be likely

that the MPCA would hold hearings on permits for both mining and smelting.
g I g

Air Pollution: With respect to air pollution, MFCA was given the authority

to adopt '"standards of air quality," tg vary with the circumstances.t MPCA

was also given more general authority to adopt regulations '"for the prevention,
abatement, or ccntrol of air pollution”.2 In addition to dealing with the quality

of air or of emission, such regulations may relate to 'sources or emissions

.
L
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Or air contamination oy air pollution'. In addition to these two souilce
authority, MPCA was given in 19871 express authority to require permits for
emission of air contaminants or air facilities connected with air contaminants.®
The statute sets no guidelines for the issuance of permits, but states that

MPCA may impose ''such conditions as it may prescribe for the prevention of
pollution”‘4
)

MPCA can impose some land use controls through regulation under its sta-

tutory authority. Indeed, it i1s almost required to do so to some degree in

DMinnesota Statutes 1971, Section 116.07, Subd. 2, and Section 116.05, Subd. 3
Z\innesota Statutes 1871, Section 116.07, Subd. 4

ion 116.031, Subd. 1.

nnesota Statutes 1971, Section 116.07, Subd. 4 (a 1
n 116.081, Subd. 1.
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Motor vehicles are excepte %, Minnesota Statutes 1971, Sectio
The legislatu*~‘“ action expressly sanctioned the permit procedure tde the agen”“
had already adonted. The sLa tutes exrresslh validates previously issued pernit

=sota Statu

sota Statutes 1971, Section 116.07, Subd. 4 (a)



setting standards of air quality; the statute makes the point repeatedly
and forcefully that different areas will require different air quality standards.
Thus, the legislaturs seemed to contemplate some zones being drawn by MPCA,
with variable standards imposed between the zones,-and MPCA has divided the
state into six separate zones for air pollution control purposes.

However, it should be noted that air pollution is defined in Minnesota
Statutes as the presence in the atmosphere of contaminants in such quantity,
and of such duration, and under such circumstances, '"to be injurious to health
or welfare, or to animal or plant life, or to property, or to interfere un-

1

reasonably with the enjoyment of life or properity'. Apparently, the MPCA

must be able to demonstrate that some harm would result from dirty air. Again,

air . . . consistent with the maximum enioviment and use thereof in the further-
ance of the welfare of the people of the state",? and the agency is directed
to:

"give due consideration to the establishment, maintenance,

operation, and expansicn of business, commerce, trade,

industry, traffic, and other material matters affecting

the feasibility and practicability of any proposed action,

including, but not limited to, the burden on a municipality
£ any tax which may result therefrom, and shall take or

provide for such action as may be reasonable, feasible,

and practical under the circumstances.'

Specific MPCA regulations which would apply are as follows:

Liinnesota Statutes 1971, Section 116.06, Subd.

3]
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-Minnesota Statutes 1971, Section 116.01

Sudinnesota Statutes 1971, Section 116.07, Subd. 6



APC-3(2) 1Installation and Operating Permits

This requires that the proposed industry obtain installation and operating
permits prior to construction. The information required from the industry prior

to issuance of an installation permit includes complete plans and specification

w

for the proposed abatement equipment,

APC-5(d} Anti-degradation

.

(1) States that an installation permit'shall not be granted if the
emissions of the proposed industry would cause pollutant concentration in the
ambient air to rise above limits set forth in APC-1,

(2) States that an installation permit shall not be granted if the
total pollutants from the proposed industry are greater than 100 tons/year
unless the industry meets:

(aa) Such federal new source standards as may be applicable;
and
(bb) Such new source standards as may be adopted by the

Minnesota Pollution Control Agency

APC-5 Particulate Emissions from Industrial Processes

This limits total particulate emission,

APC-9 Control of Odors in Ambient Air

This Jlimits odor emission concentration and rates both from sources and
in the ambient air outside property lines,

1t is anticipated that if the copper-nickel smelting and refining were
to be allowed in Minnesota, the MPCA would promulgate emission regulations to

apply specifically to this industry for those emissions not adequately covered

under existing standards and regulations.

(VR
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Noise Pollution: The MPCA has authority to adopt standards for maximum levels
of noise.! The agency has been directed in adopting standards to consider
intensity, type, frequency, duration, and time of noises, along with ''such
factors as could affect the extent to which noises may be injurious to human
health or welfare, animal or plant life; or property or ccould interfere un-
reasonably with the enjoyment of life or property.'" Noise poliution is de-
fined in terms of such harm, including unreasonable interference with enjoy -
ment of life or property.2

Again the MPCA has been instructed to recognize that no single standard
will be applicable to all areas,® and it has been given authority to adopt
general regulations "for the prevention, abatement, or control of noise pollu-
tion."4 In adopting such regulations, the MPCA must give due consideration

to the expansion of industry, tax bases, ete.”

Solid WasEE‘Qiigpsal

Land Pollution:

Yith respect to land pollution, the MPCA has powers virtually identical

to those given for control of air polluticn. The MPCA may adopt standards for-

collection, transportation, and disposal of solid waste; again recognizing
variable needs in different parts of the state in promulgating solid waste

control standards.6 Also, the MPCA may adopt more general regulations, as in

Liinnesota Statutes 1971, Section 116.07, Subd. 2

2innesota Statutes 1971, Section 116.06, Subd. 2

|3

3ifinnesota Statutes 1971, Section 116.07, Subd,

“finnesota Statutes 1971, Section 116.07, Subd. 4
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Minnesota Statutes 1971, Section 116.07, Subd. ©

Evinnesota Statutes 1971

[N

Section 116.07, Subd.
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the control of air poliution, relating to solid waste and '"the deposit in or
on land of any other material that may tend to cause pollution.”l The MPCA
has been given authority to reguire permits for solid waste operations and
facilities.-

The MPCA's authority to promulgate general regulations relating to solid
wastes and other deposits that might cause pollution could be relied upon in
adopting land use controls dealing with those subjects; in fact, MPCA's regu-
lations on the subject almost inevitably must, in part, control land use by
specifying where solid wastes can be deposited. Regulations of this type of
land pollution would obviously be only a small pért of a comprehensive set of
land use controls. >MPCA's authority in the area is limited further by the
statutory definition of "land pollution as the prescnce of solid wastes that
would Maffect injuricusiy" waters of the state, or create air contaminants or

air polilution.” Thus, MPCA's jurisdiction over solid waste or Jand pollution

is closelv tied to its powers over air and water pollution, and it would seem

~+
D2

have no authority over problems of solid waste unless such problems might give

rise to water or air pollution.

Tt is unclear if the Pollution Control Agency has any authority over the

disposal of such materials as overburden, lean ore, waste rock and tailings.

Mineland Reclamation:
The Department of Natural Resources has minimal suthority to regulate mine-

land reclamation under an act passed in 1869.% The existing act 1s discussed

IMinnesota Statutes 1971, Section 116.07, Subd. 7

. . . . e - -~ ' L.
-Minnesota Statutes 1871, Section 116.07, Subd. da; Section 116.081, Subd. 1

“Minnesota Statutss 1071, Section 116.06, Subd, 9

Ay s . - - o . - e
“Minnesota Statutes 1871, Sections 93.44.95 51



in detail in the next chapter along with the need to strengthen it along similar

lines as previously proposed in federal legislation.

Land Use Planning and Zoning: Presently there is no comprehensive program of

land use planning within the State. Cities, counties and some watershed dis-
tricts have separate land use zoning authority and are responsible for the
administration and enforcement of ordinances affecﬁing lands within their
respective territorial limits. The only statewide zoning programs are admin-
istered by the Department of Natural Resources and affects lands adjacent to
rivers and lakes., These two programs, namely the Flood Plain Management and
Shoreland Management Progrems, are enforced by local units of government,
Basically, they both provide statewide minimum development stendards for in-
corporation into local zoning ordinances.

The Department of Natural Resources alsc has authority which is concerned
with mining specifically, through the 1969 Mineland Reclamation Act and the
state's mineral leasing program. For base metal mining on state-owned land,
the specific regulations are contained in the "Copper-Nickel Rules and Regula-
1

tions'', (Sce Appendix 10.1 of Chapter 10)

Zoning Ordinances-<:

Zoning is a process by which a community divides itself into two or more
districts or zones. In each district, future uses of land or properiy are
then reserved or limited to certain uses or combinations of uses in accordance

with specified standards concerning open space and other physical features.

MMinnesota Regulations, »R 94

2 . o
“Snvder, R. W., "Zoning - Px
Service, University of

nceiples and Pefinitions™, Agricultural Extension
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Adopting a zoning ordinance is an exercise of the regulatory power granted
. - . ‘} de oy e 3 PR - ]— N - o 5 —L} »d‘ —~

to local govermments by the state legislature. Measures in the ordinance

must be reasonable, nondiscriminatory, based upon a comprehensive plan, and

related to health, fety, morals, and general welfare of the community,

7]
&)

Most existing uses are not affected, even though they may not conform to
ordinance provisions,

Zoning ordinances are officially adoptea by the elected represcntatives
of the legislative branch of the local government unit involved, such as a
county board of commissioners or a village council. Ordinances normally are
not considered for adoption until they have Leen recommended by citizen groups,
frequently celled planning comnissions. Commission members usually are
representative community leaders who have been appointed by the local legis-
lative unit. They are responsible for comprehensive land use planning and for
developing zoning ordinances and other measures to implement a ccmprehensive
plan. Through study and contact with other citizens, they must become know-
lJedgeable about community needs and goals and attempt to develop an ordinance
that reflects them. They often are assisted by professional planners. The
planning comnission also is responsible for helping the people in the community
understand comprehensive planning so they can react constructively to it.

Before a zoning ordinance can be voted upon, public hearings must be held
to give those who wish.fo comment an opportunity to state their views,

After an ordinsnce has been adopted, a single 15531 cfficial usually is
assigned the role of zoning afministratcr and is responsible for seeing that the

standards and regulations are observed when future development occcurs,

300
271, Chapter 112

vapter 4671

Q
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Private citizens have a continuing responsiblity to understand the pur-
poses of zoning and the regulations contained in the ordinance. Thelr views
should be made known to the planning commissicn, which continues to function
and can recommend changes as the need for them becomes apparent,

A board adjustment appointed by the local legislative body is responsible
for hearing and acting upon decisions of the zoning administrator when private
citizens think they have been treated unjustly. Occasionally local courts
become involved,

Obviously, many people become involved in developing, adopting, and
applying a zoning ordinance. Invelvement of many is irportant to achieving
the kind of ordinance that reflects community needs and aspirations and
insuring that the standards are in fact observed.

Zoning regulations can be categorized according to geographic area of
epplication and to physical characteristics affected.

In terms of geographic area, zoning, in a strict technical sense, includes
only those regulations that vary from one zone or district To another. For some
time, however, zoning ordinances have included physical development standards
that apply uniformly throughout the jurisdiction of a2 governing unit. These
have come to be accepted as a second category of regulations. In some instances,
the importance of areawide standards may be more significant than separating ar
area into zenes or districts with different standards end zllowed uses.

Categorized according to the physical characteristics that are affected,
zoning rev ‘ations contrel:

Poo ation density. The nost common measures in this category are

1o size and coverage and type of dwelling,



© Tract size, shape, and physical developnent. Minimum frontags,
setback distances, and side and backvard dimensions are very com-
mon. Minimum overall lot sizes are of special significance where

individual wells and septic tanks are used, Billboard spacing and

offstreet parking requirements are included here.

+ Structural dimensions. These standards usually specify maximum
height and may s Yy minimun floér area for different types of
residential structures. They also may apply to the dimensions of
signs and billboards and screening fences.

> Land use. Lists of permitted uses are used to set aside certain

distri

e}

ts for particular uses., The aim is to provide for orderly
develomment and reduce conflicts among incompatible land uses and
landowners.,
‘These categories do not encompass all the provisions found in all zoning
ordinances. They do, however, provide a framework that makes it easier to

analyvze the general e¢ffects of zoning on land use practices.

Flood Plain Management Program:

The 1369 session of the legislature enacted a comprehensive actl providiﬁg
for management of flood hazard areas in Minnesota in order to (1) assure that
adequate spacc is left along the state's watercourses to pass flood flows and
thereby prevent further increases in flood stages, and (2) guide development
of flood plain arcas in order to-minimize future flood losses,

Under the Flood Plain Management Act, the Commissioner of Natural Resources

h

was to promulgate rules and regulations establishing minimun flood plain man-

N

agement standards that would apply to all watercourses of the state where flood

MMinnesota Statutes 1971, Chapter 104



damages have occurred or may cccur. These

October 1970.1 The minimum statewide stand

ernmental units (counties, cities, v

ordinances. They are

viewing and approving

ot

1

o

Lage
&

regulations were promulgated in
dards are being used by local gov-

s or Doroughs} in ad ing local

also the guidelines used by the Commiss . in re-

local flood plain management ordinances. The Act

provides that the Commissioner review and

adoption.

Shoreland Management

The 1969 session of the legislature also recognized the growing threats

ol
h

rogzram:

facing Minnesota's public waters, Through

state is responsible

The legislature responded with the adoption of the Shoreland Management Act:

Basically the Act reguired all Minnesots

controls by July 1, 1

areas, TO preserve ari

natural environmental values of shorelands,

ed

972 for the purposes of guiding development of shoreland

ol

b

for ensuring public us

enhance water quali

reguired to affect only land within 1,000

300 feet of a river or stream.
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minimum standards and

criteria for use by

Natural Resources adop

on July 1, 1970.3 The standards and crite

control the type and size of sanitary and
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~

5

v of Natural Resources to adopt

7]

counties in their shoreland ordina

ted the required rules and regula

These local zoning ordinances are

feet of a lake, pond or flowage and

ances,

ticns

ria established by the Commissioner

waste disposal facilities, size and
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length of water frontage of lots intended for building sites, placement of
structures in relation to roads and shorelines, alteration of natural vege-

tation and shorelines and land subdivicion in shoreland areas.

Mineland Reclamation:
The 1969 session of the Legislature enacted a Mineland Reclamation Act!

c e

providing for the adopticn of rules and regulations governing certain specifi

9]

phases of metallic mining operations. In regard to land use planning it primar-
ily provides for control of mining activities when in "close proximity' to a
comnunity, state-trunk highway or county state-aid road. In addition, some
controls are provided to regulate stockpiles in order to prevent slope failure,
erosion, pollution of public waters, etc. The major difficiency in this act

is the lack of a permit system providinga comprehensive land vse plan for all
phases of Lhe operation.

It appears imminent that a Federal Mineland Reclamation Bill will be en-
acted. As is the case with the Federal Metal and Non-Metallic Mine Satety Act
of 1966 and the Clean Air Act of 1970 many of these bills provide for the es-
tablishinent of Federal guidelines for mine reclamation and the opportunity fou
States to establish and implement State plans. If an acceptable plan is not

prepared, implemented, and enforced, then the Federal Government will provide

>
its own plan for regulation of mining within the State, Although the various
Fecderal bills proposec to date differ in certain details, it appears that any
Federal legislation enacted would provide for a permit system that requires a
reclamation plan to be submitted for both proposed and existing operations.
s

These provisions are considered in more detail in the following chaptexr which

v mineland reclamation,




Mineral Leasing Program:
The administration of all state-owned minerals and mineral rights

responsibility of the Department of Natural Resources under Chapter 93 of the

Minnesota Statutes. The copper-nickel rules and regulationsl which were approved
by the Executive Council in 1966 deals specifically with base metals. Control

of state-owned surface is provided for in paragraphs 3, 20 and 24 as follows

(See Appendix I of Chapter on '"Base Metal Leasing Procedures''):

a) Paragranh 3: A lease does not grant the absolute right to construct

a smelter on State land: ", . . but

trate shall not include the right to

such right to mill and concen-

reduce or smelt ore upon sald

mining unit without

an agreement between the lessee and the com-

missioner, authorizing such use of the surface of the land and pro-

viding for the necessary protection of life and property.!

b) Paragraphs 20 and does not authorize use of surface ex-

cept as approved by the Commissioner: lands owned by the

s .

state in said mining unit are not te be cleared or used for con-

struction or stockpiling purposes unless and until the plan for

such use has been approved by the Commissioner. The surface use

of said mining unit shall be conducted in such manner as to pre-

vent or reduce scarring and erosion of the land and pollution of

air and water."

W

"Stockpiled iraterials . . shall be stockpiled only in such manncr and

on such sites as may be authorized by the Commissioner in writing." If
surface is not owned by the State, the lessee must satisfy the surface

=
I
o
=
Ee]
jab)
.
™
(2}

owner prior to proceeding in

Minnesota Regulations, NR @4



Comments: The existing statutory authority for environmental protection falls
into five categories. The water resources section includes: water use and
appropriations, water quality, alteration of water courses, and drainage and
diversion for mining purposes. Should mining development be considered in

e surface arsa will

%

the gabbro complex of Northeastern Minnesota, part of t
be subject to jurisdiction under the Shipstead-Newton-Nolan Act and the Little
Shipstead-Newton-Nolan Act. Alr guality includes authority to adopt "standards
of air quality" and provides regulations 'for the prevention, abatement, or
control of air pollution." Noise pollution includes authority to adopt stand-
ards for maximum levels of noise. Solid waste authority provides for the dis-
posal of materials that might give rise to water or air pollution and also land
reclamation. Finally, land use is provided for primarily through local county
zoning ordinances. 1In addition, there are provisions for somec specific types
of land use. These statutes are concerned with land reclamation, floodplain
and shoreland development and mineral leasing.

In general, with the exception of land use and land reclemation, sufficient
statutory authority presently exists to control environmental impacts of mining.
This is mnot to mean that adequats rules and recgulations have been developed 1o

contrel a potential industry of this magnitude, Because of time limitations,

o]

existing regulations have not been reviewed in detail.
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RECOMIENPATION:

Egdoets should be made fo provdde fox betfer cocidination and enfosce-
mend Zhucuohout the State cgencles so that ovetwall envitonmental {mpacts cf

pvotential Lndusinics can be evaluated completely rathen Zhan cn a plecemealr

besdls .

RECOMUENDATION:

The State sheuld Lritiate an cverall Land use pregram wilch il quide

Land wse in the state and provdde the base authenity fon lnplementaticn of

1

e

1oprogrom eensistent wlth potential fedenal Land use leglslaticn.

A state sLCing authonity showeld be establlished, pessibly Ln cenjunction
Wit @ power plant s48dng authordlty, necommended by the Powen Plant Siting
Task Ferce of Lthe Envdsommental Quality Ceuncdl that wi{l censider Locati{ons
fov a guture smelten L4 and when cne Ls proeposed,

Recommendations involving land reclamation are made in Chapter 7 which

deals specifically with this subject

REGULATORY AGENCIES sxn POSSTRLE REQUIRED PERMITS

The following is a listing of local, state and federal agencies and
possible permits that may be required for the exploration, development, and

operation of a base metal mine, mill, extraction-refinery complex.

Agency Description
Minnesota Department of Prospect Permit
Natural Resources (covered under lease provisions)
Surface Water Appropriation
(river or lake water for plant

operation)



Agency

Minnesota Department of
Naetural Resources {con't)

Minnesota Pollution Control

Minnesota Department of
Health

DescriPtion

Ground Water Appropriation

- mine dewatering

- possible plant use

- domestic service water

- stabilization of fine tailings

Work in Beds of Public Waters

- intake and discharge structures
including dredging

- diversion of natural watershe

- dam and water rese<“owr

- tailings disposal, dikes, levees

Utility Crossing Permit

(crossing public water and lands)

Zoning Guldelines - Proposed
[

Reclamation Act

(land use, reclamat

disposal)

Permit for the use of waters under
the ']Lrvisd"* ction of the Little
i

} 1*;‘g(1.ﬂ\mv';nh Nnlan Act

Liguid Waste Disposal Permit
(mine water, plant water

[

, Tunofi)

with water

te Disposal Permit

ion and operational permit
”luilulﬁte” and other
emissions and odors)

e

Solid Waste Disposal Permit
{construction wastes - land fill)

Solid Waste Disposal Permit
(tailings and stockpiles)

Iquxd Storage Permit
{oil and chemical storage)

Approval of Sewage Disposal Plans
{sanitary sewage disposal systen)

6-
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Agency

Minnesota Department of
Health (con't)

Minnesota Department of
Labor and Industry

Minnesota Decpartment of
Highways

State Fire Marshall's Office

FAA and Minnesota Department
of Aeronautics

United States Forest Service

United States Bureau of Mines

Description

Approval of Plumbing Plans
(building and plant plumbing)

Approval of Potable Water Supply
(potable water supply)

Water Well Construction Standards

Approval of Industrial Waste Disposal
(mine water, runoff, plant water)

Approval of Occupational Disease
Requirements

Approval of Structures, Equipment
and Facilities
(during construction and operation)

Approval of Industrial Health and
Safety Requirements

(during construction and operation)

Propose

i O
w
>
ja5]
~
[©]

t Plan under Meta
T4 Mainma Cofaotr An~t (1
L O : x PN -

s

Nonmetal et £ &
Occupational Safety and Health Ac
g

{(approval of mining industry reg

Utility Permit

ower lines, pipelines, railways, etc.
P > Pil , ye,
which cross trunk highways right of way)

Approvals of Plans
(buildings, storage of combustibles and
flammables, explosives)

Notice of Proposed Construction

or Alteration

(chimney elevation authorization -
lighting and wmarking requirements)

Approval for the use of waters under
the jurisdiction of the Shipstead-
Newton-Nolan Act

Approval of Health and Safety
Requirements

Control of Explosives
(regulation of trans: storage, use)



U. S. Army Corp. of Engineers

County

Dredging Permit
(intake and discharge structures
and dredging)

Construction Permit

(power lines, pipelines, piers, etc,
which are on, over, or under waters
within jurisdiction of the corp)

Building Permit
(temporary and permanent buildings]

Land Use Permit
{(re-zoning, special use, or conditional
use)

Approval of County Mine Inspector

Burning Permit
(site preparation clearing)
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CHAPTER 7: MINELAND RECLAMATION

Mineral resources often 6ccur in environments of unique significance
because of the combination of geologic events required for their deposition.
In some cases, these areas must be freserved and mining prohibited, however,
in many cases‘where the lands natural significance is not overwhelming, a
compromise can be reached through multiple land use planning. This second
case should apply in many portions of Northern Minnesota. In areas such
as the B.W.C.A. where the land has effectively been zoned because of its
unique esthetic and ¥ecreationa1 values, mining should be prohibited except
in the case of a national emergency.

Mining operations generally result in intensive land use. In some phases
such as mining, underground and open pit, the resource itself dictates the exact
location and quantity of land required (resource oriented) whereas some leeway
is available in locating such facilities as concentrators and offices, and
disposal areas such as stockpiles and tailings basins. Finally some mining
phases such as refineries and extraction facilities are only slightly resource
oriented and depending on such variables as markets and transportation, these
facilities can be located many miles from the mineral resource.

Mineland reclamation concerns the restoration to a useful condition of an
area of land, water or both that has been or may be disturbed or affected by
mining. In Northern Minnesota, land is not in great demand, so that in most
cases, this would involve returning the surface to a safe and reasonable natural
state, A good reclamation éffort must be planned prior to operation and must
be carried out as part of the business of mining. Although plans may need to be
amended as the operation progresses, they provide a foundation from which to base

an effective reclamation program. This program should include any reclamation

7-1
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that might be needed during and after an unsuccessful exploration stage.

EXISTING REGULATORY AUTHORITY

In late 1967, the Department of Natural Resources initiated studies concerned
with the problems of mineland reclamation. Following a visit to the Iron Ranges,
the Comﬁissioner announced the formation of a joint industry-department committee
for the purpose of determining the need for reclamation, possible future uses of
exhausted mine lands, and regulations that would effectively control the impact
of mining. Partly as a result of this effort, the 1969 Minnesota Legislature
passed Chapter 7741 which recognizes the effects of mining upon the environment,
delegates certain duties and grants specific powers to the Commissioner of
Natural Resources in regard to lands hereafter subjected to the mining of
metallic minerals, provides penalties for non-compliance, and establishes the
Iron Range Trail.

One of the Commissioner's major duties under the 1969 Act was to conduct
a comprehensive study to determine the extent of regulations necessary. After
preliminary studies were completed by the Department's consultant, it was con-
cluded that additional legislation was needed because of the extremely restric- .
tive scope and authority under the 1969 Law. This legislation was prepared
and introduced into the 1971 Legislature but was not passed. The Commissioner's
regulatory authority under the existing Act provides for the adoption of rules
and regulations governing metallic mining operations subsequent to the effective

date of such rules and regulations for the following specific purposes:

DMinnesota Statutes 1971, Sections 93.44-93,51



(a)

(b)

(c)

(d)

(e)

(£)

(g)
(h)
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"The regulation of those tailings basins which are located
in close proximity to the built-up portions of established
communities and which will or might cause nuisance conditionsj

The vegetation or other practical treatment of tailings
basins upon becoming permanently inactive where substantial
natural vegetation is not expected within five years and
where research reveals that vegetation can reasonably be
accomplished within practical limitations;

The regulation of those stockpiles where land or rock slides
are occurring or are likely to occur which might injure
persons or cause damage to adjacent property not used or
intended for use in mining operation;

The regulation of those stockpiles where erosion is occurring
or is likely to occur which results or may result in injury

or damage to fish and wildlife, the pollution of public waters,
or which is causing or might cause injury to the property or
person of others;

The vegetation, sloping, terracing or other practical treatment
of the exposed surface of any stockpile which is hereafter
placed at a site then in close proximity to any state trunk
highway or county state-aid road or to the built-up portion

of any community;

The stabilization of the surface overburden banks of taconite
open pits where such banks are located along the footwall
side of said pits;

The control of surface overburden stockpiles; and

he clean up of plantsite and mining areas and the removal of
debris therefrom upon the termination of the mining operation.”

As can be seen, this authority is extremely restrictive and is based only on

the iron mining experience in Minnesota. Possible future base metal mining will be

different in many aspects and thus reclamation regulations should be capable of

meeting a wide variety of specific circumstances. Furthermore, the existing

authority and framework established by the 1969 Act does not meet the requirements

for a '"state plan' under any of the proposed Federal Legislation.

An adequate reclamation program must be based on (1) planning for recla-

mation in the early stages of mine development, (2) the ability of the regulating



agency to hold the operator financially responsible for inadequate reclamation
efforts, (3) a research program directed towards reestablishing biological
productivity on mined lands, and (4) a workable program for reclaiming

previously exhausted mine properties.

PROPOSED FEDERAL LEGISLATION

Mineland reclamation was one of the major issuesrdiscussed in the last
Congressional Session. Many reclamation bills were considered and although none
were passed, it appears imminent that a version of one of these bills will be
enacted in the near future. As is the casé with the Federal Metal and Non-Metal-
lic Mine Safety Act of 1966 and the .Clean Air Act of 1970, most of these bills
provide for the establishment of Federal guidelines for mine reclamation and the
opportunity for States to establish and implement State plans. If an acceptable
plan is not prepared, implemented, and enforced, then the Federal Government will
provide its own plan for regulation of mining within the State. Although each of
the proposed bills vary significantly, the following items apparently will be
included in any Federal legislation that might be passed:

1. Defines reclamation to include exploration in addition to develop-

ment, mining, and termination.

2. Defines surface mining to include all minerals (including industrial)

other than those minerals in a liquid or gaseous state.

3. Provides regulatory control over all surface mining and surface

facilities-for underground mines.

4. Provides for a permit system to regulate the initiation and conduct

of any new or previously mined and abandoned site and requires that
a permit be obtained by an existing operator. No permit will be
issued except where adequately demonstrated technology exists to

reclaim the surface area.

7-4
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5. Requires that a reclamation plan be submitted with each permit
application.
6. Requires at least a biannual inspection of the property under
permit,
7. Provides penalties for non-compliance.
8. Authorizes annual grants for the purpose of assisting States in
developing, administering and enforcing State plans.
9. Authorizes matching funds to cover acquisition and reclamation of
abandoned and unreclaimed mine lands.
10. Provides for research programs and grants to conduct and promote

the coordination and acceleration of research programs.

INTERSTATE MINING COMPACT

A new national organization of states was recently established to consider
the surface impacts of mining operations and provide coordination between the
states. The Interstate Mining Commission is committed to the protection of land,
water and other resources through improved mining techniques. Its broad purpose
is "to foster desirable state mining assistance and regulatory patterns that are
as uniform as regional differences, physiography, climate, population and other
circumstances permit.”l The Commission's interest extends to any mining
activities that have a demonstratable effect on the surface. Several of the
programs that the Commission would like to initiate include: (1) persuade other
states to enact the Interstate Mining Compact and join the Commission;

(2) analyze proposed or pendiﬁg Federal mine legislation, particularly surface

mining; (3) attempt to establish an early warning system through which to

1"Interstate Mining Commission Could End Interstate Confusion', Mining
Engineering, August, 1971.



7-6

obtain advance notice of relevant Washington hearings; (4) analyze state laws

and regulatory actions that affect surface mining; (5) collect a library of
reports on state, federal and private studies of surface mining and related matters;
(6) a public information drive to appraise the American people of the contri-
butions the mining industry has made to their standard of living; and (7) establish
working relations with allied public and private organizations.

The Compact hopes to assist member states in develobing programs to deal
with environmental problems and to promote an efficient and productive mining
industry. Member states are obligated to formulate and establish programs for the
conservation and use of mined lands. Funding is apportioned among the member
states using the following formula: 50% in equal shares from each state and
the remainder in proportion to the value of minerals, ores and other solid
matter mined.

Steps to organize the Compact were begun in the early 1960's and it appears
that it was initially designed to circumvent Federal legislation. Some of its
programs still appear to be strongly industry oriented, such as number six above:
a public informatioen drive to appraise the American people in the contributions
of the mining industry.

Four states: North Carolina, Oklahoma, Pennsylvania ahd Kentucky are
members of the Commission. Three of these are major coal producers with
industrial minerals predaminantly stone and sand and gravel providing most of
their remaining mineral production. The fourth state produces industrial
minerals mainly ston;, sand and gravel and feldspar. Because of the lack of
representation on the Commission of states with mining problems similar to
Minnesota and because of its apparent industry orientation, it does not appear

that the state would be greatly benefited by becoming a member of the Compact



at this time. However, this recommendation should be periodically reviewed as

the Compact matures into a functioning organization.

COMMENTS

Land reclamation is a procedure which must be initiated at the onset of an
operation to plan for appropriate land use and resource protection during and
after completion of mining. The current statutory authority, enacted in 1969,
is inadequate in that it does not provide for a comprehensive program capable of
reclaiming and restoring an area disturbed by mining, nor is it compatible with
Federal legislation expected for passage in 1973.

To be adequate, regulatory authorization must provide for (1) planning
for reclamation pricr to mine development, (2) the ability of the regulating
agency to held the operator financially responsible for inadequate reclamation
efforts, (3) a research program directed towards the development of compatible
landscaping techniques and the reestablishing of biological productivity on
mined lands, and (4) an effective program for reclaiming previously exhausted

mine properties.

RECOMMENDATION

A good mineland seclamation effont must be planned prion Zo and continued
throughout a mining opzration and must be carnled out as part of the busdiness of
mining. Legislation should be prepared and enacted that will provide mose effec-
tive guidelines forn reclamation of mefal mines; provide fon evaluation Lo deter-
mine ﬂlé need fon and pessible inclusion of industrial mineral mining (gravel,
quarnrying, etc.) under Land reclamation negulations; and §inally, serve as an
enabling act fon preparing a "State PLan" when and L4 federal Legisfation Ls
passed.

The Department of Natural Resources is currently preparing a bill for intro-

duction into the 1973 Legislative Session to effectuate this recommendation.
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CHAPTER 8: POTENTIAL ECONOMIC IMPACT OF A BASE METAL MINING INDUSTRY

A study was made to determine the possible economic effects of a base metal
mining industry in Northern Minnesota. Data used to develop the models for com-
parison were derived from domestic and Canadian copper and/or nickel operations.

The‘data used in the development of the following model is based on the 1967
Census figuresl for underground copper mining operations in the United States.
This industry represents theAcomposite of those establishments primarily engaged
in the mining, milling or recovering of copper concentrates by precipitation and
leaching from crude ores. Smelting and other refining processes are not included.
The statistics used by the Bureau of the Census may differ from those used by the
Bureau of the Mines, but the difference is a matter of definition, not contradiction.

Since the likelihood is that Minnesota operations would be underground, this
model will deal specifically with those operations and the latest available detailed
information will be used - 1967 U.S. Census of Business. It most be noted that
the statistics presented are heavily weighted by production and cost figures from
the Mountain Division States, Arizona, Cclorado, and Idaho. Consequently the
observations made here are not to be understood as a precise, Minnesota model, but
as a first approximation of a possible Minnesota operation. During 1967, 7 of the
nation's 27 operations were underground. The total crude ore mined tonnage from
all operations was 127.5 million short tons, of which 17.0 or 13% came from under-
ground operations. The total value of shipments and receipts was $310.6 million.
Of this total, $82.7 million or 26.8% was realized from underground mining. Ship-
ments include all products physically shipped from the establishments, including

withdrawals from stockpiles and products shipped on consignment.

1These are the latest available figures from the Bureau of Census; it should be
noted that 1967 was the year of the lengthy copper strike which markedly affected
the production figures.



The average annual employvment for the 27 mines was 10,900. It is
important to note that although underground operations realized only‘26.8%
of the Value of Shipments, they required 40% of the employment. Other major
economic factors which follow show this same relationship of higher pro-

duction cost to Value of Shipments and Receipts:

Table 8.1 Employment-Expenditure Statistics of Selected Copper Mines

Item Total Open Pit Underground - % of Total

Payroll (all employees) 86.3  55.2 31.1 36%
(million dollars)

Promotion, development, 8.2 5.0 3.2 39%
and exploration workers
average for year (X 1000)

Supplemental labor costs 14.5 10.1 4.4 36%
not included in payvroll
(million dollars)

Cost of supplies, etc. 129.5 96.7 32.8 40%
(million dollars)

Value added in mining 292.8 220.0 72.8 25%
(million dollars)

Capital expenditures 61.9 39.0 22.9 37%
except land and mineral
rights (million dollars)

Mineral development and 17.1 8.1 9.0 53%
exploration expenditures
(million dollars)

Man-hours worked by 18.3 11.8 6.5 36%
production, development, and

exploration workers

(millions of hours)

Table 8.1 above leaves little doubt that the underground mining process is
both relatively and significantly more expensive than the open pit. The value
added in mining of 25% re-enforces the value of shipment figures in relation to

the share of other cost items.
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If a single underground operation were derived from the above statistics,

the economic model would be as follows:

Table 8.2 Theoretical Single Underground Copper Operaticn

Single Underground

Item Operation

Value of Shipments and Receipts.......... ... civuiunnns $11,800,000
Crude Ore Mined....,........ (short tons)............... 2,400,000
A1l Employees (average fOT YEar)...u'' vt ivrnennennnnn 630
Payroll (all employees)....... e e $ 4,400,000
Production, Development and Exploration Workers :

(average fOT YeaT) .t v ittt ee e nininreeensnsan 500
Supplemental Labor Cost Not Including Payroll......... $ 600,000
Cost Of SUPpPlies, etC.ue it ini e nnrnnenens $ 4,700,000
Value Added in Mining............ e e e $10,100,000
Capital Expenditures Except Land and Mineral Rights... ' $ 3,300,000
Gross Book Value of Fixed AssetsS.......c.ovvivvnnennnnn $23,000,000
Mineral Development and Exploration Expenditures...... 1,300,000
Man-hours worked by Production, Development, and

Exploration Workers.....ovviiiiiiiiiiiiiiiniiinnn., 900,000

Based on both the gabbro mine model assumptions and on figures obtained
from a Canadian operation similar to the gabbro, an employment figure of about
2,000 can be obtained for mining and milling activities. The Canadian opera-
tion presently pays a weightedaverage wage of $4.06 per hour to mine workers
and 33.88 per hour to mill workers. The weightedaverage includes shift and
Sunday premiums, but excludes benefit items such as medical and dental plans
that the company also supplies.

The greenstone and gabbro areas of Minnesota occur in or close to an
area of the State.that already supports mining operations, and that already
has a population complex aﬁle to provide labor. Thus, many of the supplies
necessary to support a new copper mining operation should be obtainable from
local manufacturers and distributors, creating mcre income and more jobs,

Aside from administrative personnel and perhaps a temporary training crew,
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there is little reason to doubt ;hat local residents will provide most of the

work force necessary. An underground 1,000 TPD copper mine at Blue Hill,'Maine,
is about to go into operation with a work force of 130 person, 124 of whom are
local residents. Table 8.3 gives an indication of the job shortage in the area
that would be affected by a copper mining operation in Minnesota. Though cértainly
not all of the unemployed indicated are capable of filling positions in the mining
industry it indicates that there is a sufficient labor force available to fulfill
the needs of the mining industry. If not directly employed by a mining operation,
many persons may take positions available through the development oxr expansion of
satellite industries and as replacements>for people presently employed but who
would be attracted to mining jobs-due to higher wages.

It is readily discernable from the table that Ely is especially hard pressed
and, 1t must be noted, that it is the Ely area that will probably be the first to
develop a copper nickel mining operation. Further indications of the positive local
economic impacts of a mining operation can be seen in the projected payroll and
local purchase figures from the Blue Hill, Maine mine mentioned above. There the
payroll is expected to be $1.5 million with another $1.5 million to be spent
locally on supplies and materials.

A 20,000 TPD production figure has been estimated for the gabbro model
operation. Since mining underground can continue 365 days a year the annual
crude production would be 7.3 million short tons. One Canadian operation with
a 4.5 million TPY production made available a cost breakdown of supplies it
obtained from local sources. From this breakdown, a set of figures for a gabbro
operation can be projected as follows in Table 8.4,

As can be seen from the employment and payroll figures givén above, the
economic impacts on a mining area would be both substantial and beneficial. The
following distributors of national products are located in one Canadian community
to serve a local underground mining and milling operation with a yearly output

of 4.5 million short tons:



Table 8.3 Employment Comparison - State Wide/St. Louis County

State St. Louis Co. X Duluth - Ely

1969 1970 1669 1970 19721 1969 1972 1972

1970 Census Population | - 3,805,069 - 120,150 - - 100,578 4848°
Work Forcé 1,647,300 1,676,000 43,613 44,957 42,586 49,700 50,300 1920
Total Employment 1,598,900 1,600,000 41,264 42,306 38,471 47,900 47,400 1670
Unemployment 48,100 70,100 2,349 2,656 4,115 1,800 2,900 250
Unemployment Rate ' 2.9 4.2 5.4 5.9 9.72 3.6 7.4 13

1Duluth not included.

2Not adjusted for seasonal employment.

31970 Census

4 Estimated from unemployment.
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Table 8.4 Possible Purchases From Local Suppliers

Commodi tv
Rock Bolts & Accessories
Mine Timbers
Mine Ladders
Exolosives (amex, slurry stick, accessories)
Burlap (plastic material as substitute)
Oxygen & Acetylene
Loading Sticks
Wire Mesh 4" x 4" - 50' rolls
Tire Repairs - recapping
Grinding Bells
Grinding Rods
Fabricated Steel Work - New Material?
Corn Dextrine
Nails - Ardox 5", 8, & 10"
Rock Bolt Plates
Steel Chute Segments

Total

11071 pollars

- Canadian Operation

$ 891,000 1
941,000
56,000
887,000
131,000
17,000
14,000
291,000
89,000
342,000
355,000
300,000
57,000
30,000
137,000
__ 287,000

$4,825,000
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Gabbro
81,490 ,000"
1,570,000
93,000
1,480,000
218,000
28,000
23,000
485,000
148,000
570,000
590,000
500,000
95,000
50,000
228,000

478,000

$8,046,000

2Repairs to equipment are generally carried out in own shop because of geographic
location. A Gabbro operation would probably contract these services out.



Bearings, v-belts, Seals, Material Handling Equipmént

Builders Supplies, Welders Supplies, Safety Equipment,

Wholesale Hardware, Gasoline and Petroleum Products (lubricants)
Drill Steel and Bits, Propane for Mine Air heaters,

Tires and Tire Repairs, Electrical Wire and Fittings

Shop Tools and Supplies, Underground Equipment Parts Suppliers

According to the 1970-1971 Minnesota Directory of Manufacturers, there
are at least 60 manufacturing sources in the State which could provide supplies
in 21 of the categories. Certain categories such as builders supplies were too
vague to assign a specific SIC code number. Furthermore, as mentioned earlier,
there are several distributors, vendors and service centefs, presently located
in the iron range that are capable of expanding and/or branching out to serve
a base metal mining industry.

In addition to the number of already existing establishments that could
serve a copper operation in Northern Minnesota, the region would be an ideal
location for new companies engaged in the manufacture of mining equipment and
machinery. According to a report by Northern Natural Gas entitled "The Manufacture
of Mining Machinery and Equipment', Minnesota compares favorably with bLoth tradi-
tional centers of such manufacture and other possible locations in the Northern
Plains region. Duluth and Minneapolis rank third and fourth lowest respectively
on a table of total annual variable costs for operation in alternative locations.
Other indicators such as the availability of an educated, reliable, and stable
work force also reflect well on Minnesota. Furthermore, the U.S. Department
of Commerce forecasts a bright future for the mining machinery and equipment
industry because of current and planned expansion in the minerals industries.

A Minﬁesota location for such an industry, possibly in Duluth, would seem even
more- likely if copper mining in this area became a reality. If and when an
extraction facility is constructed in Minnesota, it is quite possible that

various fabricating industries would be developed utilizing the refined metal

product.
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The following is an evaluation of the impact of copper mining in
Michigan's Upper Peninsula as a result of the White Pine Copper Mine, White

Pine, Mfichigan. !

Mining Costs:

White Pine is presently mining a chalcocite ore running a little over 1%
copper, at a daily producfion rate of about 23,000 tons. Mine, mill and
smelter operations are on a 24 hour/day, 7 days/week basis.

Ore reserves cannot be specifically fixed because they fluctuate with
changes in mining economics and the price of copper and are stated in terms
of present production rates and metho&s. All factors considered, reserves
are sufficient for many more years of operations, barring unforeseen changes.

Development of the White Pine project began in the mid 1940's with ex-
ploration and beneficiation tests. Construction began in March, 1952, and
mining got under way in March, 1953, The mill began handling ore in October
of 1954 and the first copper was produced in January, 1955. White Pine has
now produced 100 million tons of ore, ylelding nearly two billion pounds of
copper.

Through 1949, Copper Range Company had invested $2 million in exploration
and metallurgical studies aimed at opening White Pine as a major new mine.
The present capital investment is approximately $133 million.

Investment in pollution control devices, including tailings and waste
disposal systems, is approximately $16 million, with operating costs of over
$500,000 per year. In terms of 1972 dollars, planned investment over the
next 17 years will be at the rate of $1.2 million per year, or $20.4 million.

Transportation costs on inbound and outbound freight are about $3 million

annually,

1 : . .
Personal communication from White Pine Copper Co., White Pine Michigan.
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A pump station at Lake Superior brings the 31 million gallons of water
needed daily for operating and treatment purposes.

Industrial power is generated in the company's power station, with a
peak load of about 52,000 kilowatts - enough for 20,000 average homes. Total
1972 consumption of ;oal and natural gas will be about 134,000 tons and
3,762,000 mcf respectively. Annual expenditures for these fuels amount to

$3.8 million.

Employment:

White Pine employs 2,882 people, including 16 temporary and part-time, as
of September 30, 1972. There are 527 salaried personnel and 2,355 hourly with
the latter represented for bargaining purposes by Local 5024 of the United
Steelworkers of America,. There are 1,893 in the mine department, 161 in
the mill, 228 in the smelter, and 600 in service departments.

Geographical breakdown of the work force is as follows, by county:

Ontonagon 1,207
Gogebic 970
Houghton 404
Iron (Wis) 188
Other (6) : 113

In terms of road miles from White Pine, 29% of the work force lives within
25 miles of the plant, 52% live between 26 and 50 miles, and 19% live more than
50 miles, up to a maximum of 90. The average round trip for non-resident
employees is 86 miles. Only 11.6% of all employees live in White Pine.

No compilation is made on previous training or skills of employees,
hoﬁever, a large number of emrloyees formerly worked at iron mines on the
Gogebic and Menominee Ranges, d about 200 once worked at the Calumet and
Hecla copper properties in Ho‘.bﬁon County.

The average age of the enployees is approximately 46 years. The average
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seniority (median figure) is just over six years,

Unless specifically assigned elsewhere because of prior experience or
other circumstances, new mine employees are assigned to a special training
unit where they receive up to 45 days training in mine procedures and opera-
tion of mine equipment. Other departments have their own training programs.
Occasionally, White Pine hires graduates of Manpower Retraining Programs in
their specialized fields.

Among the skills represented on the payroll are various engineering
disciplines, doctors, nurses, technicians, machinists, electricians, welders,
heavy equipment operators, accouﬁtants, EDP operators, electronic technicians,
repairmen, mechanics, stationaryvengineers, printers, clerks, secretaries,
supervisors, administrators, guards, etc.

As of August figures, the average weekly gross wage for individual hourly
employees was $190.00. The annual payroll, at the current rate of pay for all
employees, is approximately $30 million. The cost of fringe benefits adds

approximately 30% to payrolllcosts.

Local Economic Impact:

There are, in addition to White Pine Copper Company facilities, the follow-
ing related organizations in White Pine: ffices of the parent Copper Range
Company: company-operated hospital; an explosives supplier; concrete supplier;
general contractor; credit union; railroad agent; union headquarters; bank;
and post office. -

White Pine's population prior to beginning of the main construction project
in 1952 was approximately 30. Current population is about 1,600. Almost all
are directly related to the presence of the mining operation, either as

employees of the company, members of their families, or related to the businesses,
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schools, etc., which contribute to a well-rounded, self-sufficient community.
Facilities include two new, large commercial shorping buildings.

Close to one-third of the employed people in Ontonagon County work for
White Pine Copper Company. |

Total purchases and taxes annually are about $40 million. Approximately 50%
of the expenditures for materials, supplies, and outside contractors goes to
vendors in Michigan's Uppe}'Peninsula and Northern Wisconsin, In regard to
taxes, White Pine and Copper Range Company pay about 74% of township taxes and
36% of county taxes.

From the above discussion, one can clearly see that the presence of
White Pine Copper Mine has been a definite asset, socially and economically,
to a relatively depressed area.

Some speculation has evolved regarding the adverse effects of a mining
industry on the local community. A new industry such as this will impose
additional burdens on some communities in order to support expanded services
such as schools, police and fire protection, sewer and water facilities, etc.
However, as indicated by the White Pine example and numerous communities on the
iron range, much of the tax burden is assimilated by the mining companies
which in some cases provide tax relief. Where expanded services are required
because of the increased labor force imposed by the mining industry, the companies
involved in that district have historically born the additional financial
burden. In the past the Legislature1 has authorized certain school districts
in which a taconite plant or plants are located, to issue bonds to provide
funds for siting, constructing, and equipping school buildings, and authorizing
a tax levee that placed the major burden of retiring these bonds on the mining
companies operating in the district, Similar provisions are imposed in the Laws

of Minnesota for funding other services.

Iaws of Minnesota, 1955, Chapter 576
Laws of Minnesota, 1957, Chapter 567



There is further speculation in regaird to ths creation of ''‘ghost towns"
and widespread unemployment after the termination of a mining operation. The
proximity of existing townsites to the proposed mining areas minimizes the
need for new townsites. Furthermore, considering the resource estimates of
the gabbro area alone, the life of the miniﬂg district could last in excess of
100 years. Pending the discovery of new resources, the district 1ife could be
extended considerably. If, for any reason and at any time, mining is terminated
then there could be an unemployment problem, however, this is the risk assumed
with the advent of many new industries.

Since 1966, the State of Minnesota has received a considerable amount of
revenue from the leasing of state owned mineral lands for exploration. The
amount received to date is minor compared to the potential revenue available
through royalties and taxes once mining is initiated. The money received in
this manner is primarily relegated to the state trust funds and local govern-
ments. A detailed breakdown of revenue received to date is tabulated in

Appendix 10.3 in Chapter 10 titled Base Metal Leasing Procedures. Although this

public benefit might not be as direct, mining under federal and private leases
in the area would also provide employment and tax income for the state.

From the above discussion, it is apparent that a base metal mining industry
would be of considerable merit to the currently depressed economic situation of
Northern Minnesota. However, due to the time limitation only a cursory assess-
ment of the potential economic impact was considered. Further analysis is
required to minimize the risk of future unemployment problems that may arise

from & mining operation in this area.
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RECO!MMENDATION:

A more detulled economic analysis should be undeataken by the Tinten-
Agency Task Force and the Minernals Subcommittee to estimate potential econcmic
situations palon, dwning and aftes a base metal minding operaticn in aiy Loc-
ality. The analysis sheuld also assess the age progile of employable people
in mineral potential areas and the outmigration currently occwning in Northesan

Hinnescota.






CHAPTER 9: SOCIO-ECONOMIC ATTITUDES TOWARDS ISSUES RELATING TO NORTHERN MINNESOTA

_ During the summer and fall of 1972, a questionnaire was developed and
distributed in pre-selected areas in Minnesota. The areas included in the
survey are: the Iron Range cities of Hibbing, Virginia, and Eveleth; Ely
and Duluth; the Twin Cities Metropolitan Area; and Rochester, Mankato,
Marshall, Albert Lea, Worthington, and Willmar in Southern Minnesota. Gen-
erally, this survey concerned people's attitudes towards various economic
and environmental issues involving Northern Minnesota,

The purpose of’this paper is to summarize very briefly the results of
the survey, and to point out the differences in attitudes between the resi-
dents of the three major sample areas, and in some cases, between the resi-
dents of the various cities in Northern Minnesota sample areas. A detailed
discussion on mcthudolugy and results is included in Appendix 9.1.

The first set of questions concerned the expansion of the mining industry
and the development of a base metal industry in Northern Minnesota. 79%

(vs. 14%) of Northern Minnesota residents favor an expansion of the mining
industry as compared to 46% (vs. 41%) of Southern Minnesota residents and 39%
(vs. 38%) of Twin Cities Area residents. The development of light manufacturing
industries in Northern Minnesota received substantially greater support in all
three areas, particularly Southern Minnesota and the Twin Cities. A sizeable
majority of Northern Minnesota residents, and a very slim majority of Southern
Minnesota and Twin City residents favored the exploration and mining of copper
and nickel in Northern Minnesota. Southern Minnesota and Twin Cities residents
overwhelmingly rejected exploration, mining and smelting of base metals in the
Boundary Waters Canoe Area. Northern Minnesota residents gave moderate support

to exploration in the Boundary Waters Canoe Area and were about evenly divided



regarding mining operations in the Boundary Waters Canoe Area. Ely residents,
in pérticular gave enthusiastic support to exploration and mining in the
Boundary Waters Canoe Area. However, smelting coperations in the Boundary
Waters Canoe Area were rejected overall,

Residents of all three sample areas overwhelmingly agreed that it is
possible to have more industry and environmental protection in Northern
Minnesota. A moderate majority of Northern Minnesota residents, and a
somewhat small majority of Southern Minnesota and Twin City residents felt
that industries in Northern Minnesota have a concern with the welfare of
the residents and the quality of the envirvonment. An overwhelming majority
of residents of all sample areas felt that a mining company should be re-
quired to carry out reclamation procedures. 27% of Northern Minnesota
residents, 62% of Southern Minnesota residents and 67% of Twin City resi-
dents had no opinion towards the adequacy of mine safety regulations in
Minnescta indicating that many people, perticularly those who reside out-
side of mining regions, are largely unaware of current authority. However,
in Hibbing, whére mining is the primary industry, the majority felt that such
regulations need revising.

A substantial majority of residents of all sample areas, particularly
those of Northern Minnesota, felt that the economy of Northern Minnesota
is not a desirable one. In regards to the question of which is more important
for Northern Minnesota, more jobs or environmental protection, 64% of Northern
Minnesota residents, 29% of Southern Minnesota residents and 30% of the Twin
City residents felt that more jobs were more important. At the same time, 28%
of Northern Minnesota residents, 61% of Southern Minnesota residents, and 54%

of Twin City residents felt that environmental protection was more important.



However, it is noteworthy that residents of all sample areas were over-
whelmringly against a relaxation of present environmental controls. It
was emphasized by Northern Minnesota residents that the regions' economic
goal should be to provide jobs for the present population, rather than
economic growth. Southern Minnesota residents were evenly split on this
guestion, while a slight majority of Twin City residents favered economic
growth for Northern Minnesota. A slight majority of residents of all
sample areas agreed with the premise that the mining-timber industry in
Northern lfinnesota has no effect on the outmigration of young people;
however, a substantial minority felt that this industry does encourage the
outmiération of young people. As alternatives, manufacturing, light
industry and electronics, in order of response, were felt by Northern
Minnesota residents as being attractive to a young labor force. Southern
Minnesota residents felt that manufacturing jobs related to the environ-
ment, and also electronics, were fields which would attract a young labor
force, while Twin City residents felt that manufacturing, tourist-and-
recreation-related industries, and forestry would attract young people *o
Northern Minnesota.

To the questions regarding their attitudes towards "environmental groups',
47% of Northern Minnescta residents had a favorable impression and 33% had
an unfavorable impression; 52% of Southern Minnesota residents had a favorable
impression and 17% had an unfavorable impression; 51% of Twin City residents
had a favorable ifipression while 10% had an unfavorable impression. Many
responses were too ambiguous to be recorded as being favorable or unfavorable,

According to Northern Minnesota residents, the major economic problem
in Northern Minnesota is in order or frequency of response: 1) Unemployment,

~

2) Taxes, 3) The seasonality of the economy, 4) Reliance on iron ore industry for



an economic base, and 5) No jobs for young people. Southern Minnesota
residents felt the major economic problem in Northern Minnesota is: 1) Un-
employment, 2) The seasonality of the economy, 3) The lack of diversity

in the economic base, and 4) Low wages. Twin City residents felt the major
problem is: 1) Unemployment, 2) Lack of diversity in the economic base,

3) The seasonality of the economy, and 4) Low wages.

When asked to identify the major social problem of Northern Minnesota,
Northern Minnescta residents felt that the major problem is: 1) Unemploy-
ment and welfare, 2) No opportunities for young people in regard to recrea-
tion, entertainment, and employment. Southern Minnesota residents felt the
major social problem to be: 1) Poverty and welfare, 2) Indian-related prob-
lems (such as indian-white relations, or '‘the indians are treated unfairly'),
and 3) Unemployment. Twin City residents felt the major social problem in
Northern Minnesota is: 1) Indian-related problems, 2) Low income, 3) Welfare,
4) Lack of young people in the region, and 5) Unemployment.

To the question regarding the magjor environmental problem in Northern
Minnesota, the results of the Northern Minnesota sample area reflected locally-
oriented issues. Range cities residents felt that tailings disposal and mine-
land reclamation are the major problems. Ely residents indicated problems
in the Boundary Waters Canoe Area regarding misuse and overuse, Duluth resi-
dents specified pollution of Lake Superior and the St. Louis River, Southerﬁ
Minnesota and Twin City residents indicated that water pollution, pollution in
géneral, and the mining timber industry are the major environmental problems
in Northern Minnesota. Additionally, many Twin City residents felt that the
discharge of taconite tailings into Lake Superior by Reserve Mining Company is
the major environmental problem in Northern !finnesota. This may be accounted

for by the fact that this specific case has received extensive media coverage
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in the Twin Cities.

When asked to evaluate ﬁhich of the above three questions was most
important, 66% of Northern Minnesota residents felit the economic problem
was most important, 18% felt the environmental problem was more important,
and 16% felt the social problem was of prime importance. On the other hand,
37% of Southern Minnesota residents and 26% of Twin City residents felt the
environmental problem was most important. 15% of Southern Minnesota resi-
dents and 19% of Twin City residents felt the economic problem was most im-
portant. Finally 10% of Southern Minnesota residents and 8% of Twin City
residents felt the social problem was most important. As can be seen above,
more often than not, the social problem identified was either a purely econ-

onomic problem, or directly related to an economic issue.
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APPENDIX 9.1: RESULTS OF SOCIO-ECONOMIC SURVEY

As pointed out in Chapter 9 , this survey was developed and carried out
in the summer and fall of 1972. The goal of this survey was to measure pub-
lic sentiment towards various issues concerning Northern Minnesota. The dis-
tribution took place in three major sample areas: Northern iMinnesota, Southern
Minnesota and the Twin Cities Metropolitan Area.

The Northern !Minnesota sample area consisted of the iron range cities
of Hibbing, Virginia, and Eveleth, plus Ely and Duluth. In all cities except
Duluth, names were picked at random out of the local teleplione directory, and
a personal visit was made to each prospective respondent. Each was given a
questionnaire and a self-addressed stamped envelcpe in which to return it.
Because of the diversity of the population of Duluth, the city was blocked out
into seven major residential areas, and an appropriate sample of residents was
taken from each of these areas. Out of a total sample of 375 Northern Minnesota
residents, a return of 180, or 48% was achieved.

The Southern Minnesota sample area consisted of: Albert Lea, Worthington,
Marshall, Willmar, Mankato, and Rochester. Again, residents were selected out
of the local telephone directory, and were mailed a questionnaire and a stamped,
self-addressed envelope. A personal visit was not made. 350 questionnaires
were mailed out, and 12 were returned by the post office, making the total .sam-
ple 338, Of this figure, 96 were returned, or 28%.

The Twin Cities sample area consisted of the cities proper of St. Paul and
Minneapolis, and the surrounding suburbs of each, Census figues were utilized
to obtain a representative number of respondents from each area. Using this
quota-type technique, residents from each of the selected areas were cgntented

personally, and each was given a questionnaire and a self-addressed, stamped



envelope in which to return it. Out of a total sample of €50, 293, oxr 45%
were returned.

The questionnaire consisted of 41 questions for Northern Minnesota and
42 questions for Southern Minnesota and the Twin Cities area. Four additional
control questions regarding age, sex, income, and occupation were included at
the end. Most of the questions were of the closed-ended variety. In this case,
a statement was made, and the respondent was asked to strongly agree, agree,
register no opinion, disagree or strongly disagree. The rest of the closed-
ended questions required that a response be checked off, or a yes or no answer
be given. Only a few open-ended questions were included. In the analysis of

the closed-ended questions, the strongly agrees and agrees were lumped together,

as were the strongly disagrees and disegrees. All figures in tables are percentages.

For the sake of organization, the analysis of the responses will be carried
out in eight sections, with each section containing questions relating to a
common subject,

In the case of the Northern Minnesota sample area, questions 17-33 were
printed on the reverse side of page 1. Unfortunately, many of the respondents
did not see these questions. These had to be recorded as ''mo response', BRe-
cause of thi§ large number of no responses, they have been omitted from the
statistical interpretation of the results. The total response (N) is then
only those who respondéd to questions 17-33, It is felt that this will give
a more accurate representation of the results than if 211 of the 'no responses”
were figured into the total.

SECTION ONE

This first group of questions asked residents to comment on and identify

various problems which currently face Northern “innesota,

Table 9.1 shows respondents' feelings towards the relationship between the



dominant industries in Northern Minnesota, mining and timber, and the out-
migration of voung neople.
Table 9.1
"Does the mining-timber industry of Northern Minnesota encourage,
discourage, or have no effect on the outmigration of young people?”

(Northern Minnesota, N=180; Southern Minnesota, N=96; Twin Cities, N=293)

Encourage Discourage No Effect No Response
Northern innesota ‘35% 15% 44% 6%
Southern Minnesota 27% 21% 42% 10%
Twin Cities 27% 14% 48% 11%

35% of Northern Minnesota residents, 27% of Southern lMinnesota residents
and 27% of Twin Cities residents felt that the mining-timber industry encour-

ages the outmigration of young people. 15% of Northern Minnesota residents,

(e}

21% of Southern Minnesota residents and 14% of Twin Cities residents felt that
the mining-timber industry discourages the outmigration of young people. 44%
of Northern Minnesota residents felt that this industry has no effect on the
outmigration of young people, as compared to 42% of Southern Minnesota residents
and 48% of Twin Cities residents. The remainder did not respond. In the
Northern Minnesota sample area, 26% of the Ely residents and 17% of the Duluth
residents felt that the mining-timber industry encourages the outmigration of
young people, as compéred to 35% for the entire sample area. 55% of Ely and
Duluth felt this industry has no effect on the outmigration of young people,
as compared to 44% for the entire sample area.

When asked what type of industry would attract a young labor force to
Northern Minnesota, residents of Northern Minnesota indicated manufacturing,

light industry and electronics, in that order. Southern Minnesota residents



Q-9

felt that manufacturing, an ecology-oriented industry and electronics would
attract a young labor force. Twin Cities residents replied that manufacturing
and light manufacturing, an ecology-oriented industry, and a recreational-
oriented industry would be attractive to a young labor force.

The respondents were then asked to identify what they felt to be the
major economic, social, and environmental problem of Northern Minnesota, and
which of these, in their mind, was most important. |

To the question regarding the major economic problem of Northern Minnesota,
residents of all three sample areas cited unemployment as the chief economic
problem. In addition, Northern Minnesota residents felt that high taxes, the
seasonality of the economy, lack of a diversified economié base, and the lack
of employment opportunities for young people, in that order, were the major

idents falt

192)

economic nroblems of the area. Southern Minnescts ro2
economic problems cf Northern Minnesota after unemployment, were the seasonality
of employment, lack of diversity, and low wages. Twin Cities residents also
cited the seasonality and lack of diversity as major economic problems,

Many of the respondents, when asked to identify the major social problem
of Northern Minnesota cited an economic or an economically-related problem,
Northern Minnesota residents felt that welfare, taxes, and unemplovment are
the major social problem of the area. Lack of opportunities for young people
in the line of recreation and employment was also cited as a social problem

3

in Northern Minnesota. Southern Minnesota felt that poverty, Indian-related
problens, and unemployment, in that order, are the chief social problems in
Northern Minnesota. Twin Cities residents felt that the major social problems

of Northern Minnesota are, in order of incidence, Indian-related problems, low

income, welfare, lack of a yvoung population, and unemplovment,



Regional differences were evident in the Northern Minnesota sample area
when the respondents were asked to identify the major environmental problem
in Northern Minnesota, Water pollution, air pollution, or pollution in general
were the most often identified envirommental problems by all Northern Minnesota
resident;. Disposal of tailings and the lack of mineland reclamation procedures
was the most frequent specific environmental problem cited by residents of the
range cities. Elyv residentsAfelt that overuse and misuse of the Boundary Waters
Canoe Area, along with an excessive amount of restrictions on this same area,
were the major environmental problems of Northern Minnesota. Duluth residents
felt that pollution of Lake Superior and the St. Louis River were major environ-
mental problems.

Southern Minnesota residents felt that water pollution, pollution in general,
and problems related to the mining and timber industries, in that order, vere
the major environmental problems of Northern Minnesota.

In order of incidence, Twin Cities residents felt that mining, pollution in
general, the timber industry, water pollution, and Reserve Mining Company's dis-
charge of taconite tailings into Lake Superior were the major environmental prob-
lems in Northern 'linnesota.

The respondents were then asked which of these problems was most important.
The results are illustrated in Table 9, 72,

Table 9,2
"Which of these, in your mind, is most important?

(Northern 'Minnesota, N=180; Southern Minnesota, N=90; Twin Cities, N=293)

Economic Social Environmental No Response
Northern Minnesota 42% 10% 12% 36%
Southern Minnesota 15% 10% 37% 30%
Twin Cities 19% 8% 26% 34%
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42% of Northern Minnesota residents, as compared to 15% of Southern
Minnesota residents and 19% of Twin Cities residents felt that the economic
problem is the most important. 10% of Northern Minnesota residents, 10% of
Southern Minnesota residents, and 8% of Twin Cities residents felt that the
social problem was the most important. 12% of Northern Minnesota residents,
compared with 37% of Southern Minnesota residents and 26% of Twin Cities

o

residents felt that the environmental problem was the most important. 36%

(&3}
o
o

of Northern Minnesota residents, 30% of Southern Minnesota residents, and
of Twin Cities residents did not respond to this guestion. The remainder
felt that a combination of these problems were most important, or that all
were equally important.
SECTION TWO
Section Two contains questions which concern the economic future of

Northern Minnesota, that is, what type of industries should be emphasized.
Tables 9.3, 9.4, 9.5, illustrate the respondent's attitudes towards an expansion
of the timber industry, the ﬁining industry, and light manufacturing industries
in Northern Minnesota.

Table 6.3

"The timber industyy in Nerthern Minnesota should be expanded.'

-

(Northern Minnesota, N=180; Southern Minnesota, N=96; Twin Cities, N=293)

Agree No Opinion Disagree No Response
Northern Minnesota 53% 12% 24% 1%
Southern ‘linnesota 45% 14% 38% 3%
Twin Cities 39% 17% 43% 1%

63% of Northern Minnesota residents, 45% of Scuthern Minneosta residents,
and 39% of Twin Cities residents feel that the timber industry should be ex-

panded in Northern Minnesota. 24% of Northern ‘linnesota residents felt it



should not be, as compared to 38% of Southern Minnesota residents and 43% of
Twin Cities residents. 12% of Northern Minnesota residents, 14% of Southern
Minnesota residents and 17% of Twin Cities residents had no opinion regarding
this subject, and the rest did not respond.

Table 9.4

""The mining industry in Northern Minnesota should be expanded."

(Northern Minnesota, N=180; Southern Minnesota, N=96, Twin Cities, N=293)

Agree No Opinion Disagree No Response
Northern Minnesota 79% 6% 14% 1%
Southern Minnesota 46% 12% 41% 1%
Twin Cities 39% 22% 38% 1%

79% of Northern Minnesota residents agreed that the mining industry in
Northern “innesota should be expanded along with 46% of Southern Minnesota resi-
dents, and 39% of Twin Cities residents. 14% of Northern Minnesota residents, 41%
of Southern Minnesota residents, and 38% of Twin Cities residents felt the mining
industry should not be expanded. 6% of Northern Minnesota residents, 12% of
Southern Minnesota residents, and 22% of Twin Cities residents had no opinion re-

garding an expansion of the mining industry. 1% of the respondents in each sample

area did not respond,

Table 9.5

"Light manufacturing industries should be emphasized."

(Northern ‘inmnesota, N=180; Southern Minnesota, N=96; Twin Cities, N=293)
Agree No Opinion Disagree No Response
Northern Minnesota 94% 1% 4% 1%
Southern Minnesota 81% 5% 12% 2%
Twin Cities 82% 8% 9% 1%

94% of Northern Minnesota residents, 81% of Southern Minnesota residents, and

82% of Twin Cities residents agreed that light manufacturing industries should be

Ve 2

ermhasized. 4% of Northern Minnesota residents, 12% of Southern Minnesota residents
. - ) . et e
and 9% of Twin Cities residents disagreed. 1% of Northern Minnesota Tesicents, oo



of Southern Minnesota residents, and 8% of Twin Cities residents had no opinion
and the remainder did not respond.

SECTION THREE

Section Three consists primarily of questions regarding existing and poten-
tial future industrial development in Northern !linnesota and its impact on the
area, along with specific questions concerning possible development of base metal
operations in that part of the state.

The respondents were asked which they felt was more important for Northern
Minnesota, more jobs or environmental protection. The results are shown in Table 9.6.

Table 9.6

"Which is more important for Northern Minnesota, more jobs or
environmental protection?"

N

(Northern Minnesota, N=180, Southern Minnesota, N=06; Twin Cities, N=293)

More Jobs Environmental Protection No Response
Northern Minnesota 64% 28% 5%
Southern Minnesota 29% 61% 2%
win Citics 30% 54% 3%

64% of Northern ‘Minnesota residents, 29% of Southern Minnesota residents,
and 30% of Twin Cities residents felt that more jobs is more important for
Northern Minnesota. 28% of Northern Minnesota residents, compared to 61% of

Southern Minnesota residents and 54% of Twin Cities residents felt that environ-

Hh

mental protection is more important. 3% of Northern Minnesota residents, 8% of
Southern Minnesota residents, and 13% of Twin Cities residents said both were
important ("both' was not listed as a choice). 5% in Northern Minnesota, 2%
in Southern Minnesota and 3% in the Twin Cities did not respond.

This was followediby g question concerning the compatibility of industry and

the environment in Northern Minnesota. The results are illustrated in Table 9.7,

. Table 9 7

"It is possible to have more industry and environmental protection

in Northern Minnesota'.

{(Northern Minnesota, N=180: Southern Minnesota, N=96: Twin Cities, N=293)
Agree No Opinion  Disagree No Response
Northern Minnesota 39% 4% 6% 1%
Southern Minnesota 85% 5% 8% 2%

00
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Twin Cities



89% of Northern Minnesota residents and 85% of Southern Minnesota residents
and Twin Cities residents agreed that industryv and environmental protection are
compatible in Northern innesota. 6% of Northern Minnesota residents, 8% of
Southern Minnesota residents and 9% of Twin Cities residents disagreed. 4%
in Northérn Minnesota, 5% in Southern Minnesota and ¢% in the Twin Cities had
no opinion. 1% of Novthern }Minnesota residents and 2% of Scuthern Minnesota
residents did not respond.

The respondents were then asked if they felt industries in Northern
Minnesota are concerned with the residents and the environment. These results
are shown in Table 9.8.

Table 9.8
"Industries in Northern Minnesota have a concern with the welfare

of the residents and the quality of the environment."

(Northern Minnesota, N=180: Southern Minnesota, N=96; Twin Cities, N=293)
Agree No Opinion Disagree No Response
Northern Minnesota 55% 9% 35% 1%
Southern Minnesota 46% 17% 37% -
Twin Cities 42% 20% 37% 1%

55% of Northern Minnesota residents, 46% of Southern Minnesota residents
and 42% of Twin Cities residents agreed that industries in Northern Minnesota

do have such a concern. At the same time, 35% of Northern Minnesota residents

and 37% of Scuthern *Minnesota and Twin Cities residents disagreed with this

A,

statement. 9% of Northern Minnesota residents, 17% of Southern Minnesota resi-

O

dents and 20% of Twin Cities residents had no opinion, and 1% of Northern
Minnesota and Twin Cities residents did not respond.

Table 9.9 reflects the respondent's views towards the lowering of taxes to
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attract industry to Northern Minnesota.
Table 9.9
"Industry should be attracted to Northern Minnesota by lower taxes.!

(Northern Minnesota, N=180; Southern Minnesota, N=86, Twin Cities, N=293)

Agree No Opinion Disagree No Response
Northern Minnesota 60% 12% 27% 1%
Southern Minnesota 38% 19% 42% 1%
Twin Cities 43% 16% 39% 2%

60% of Northern Minnesota residents, (including 78% of Duluth residents)
38% of Southern Minnesota residents, and 43% of Twin Cities residents agreed
that taxes should be lowered to attract industry to Northern Minnesota. 27%
of Northern Minnesota residents, as compared to 42% of Southern Minnesota resi-
dents and 39% of Twin Cities residents disagreed with this statement., 12% of
Northern Minnesota residents, 19% of Southern Minnesota residents, and 16% of
Twin Cities residents had no opinion, while 1% of Northern ilinnesota and Southern
Minnesota residents and 2% of Twin Cities residents did not respond.

The respondents were then asked their views towards sn expansion éf timber

harvesting in the BWCA. Table 9.10 illustrates the results.

"Timber harvesting in the Boundary Waters Canoe Area should be expanded.!

(Northern Minnesota, N=154; Southern !innesota, N=96, Twin Cities, N=293)

Agree No Opinion Disagree No Response
Northern Hjnnesoté 38% 18% 44% ~
Southern Minnesota 11% 18% 66% 5%
Twin Cities 10% 20% 67% 3%

38% of Northern ‘innesote residents, (including 507 of Ely residents)



11% of Southern Minnesota residents, and 10% of Twin Cities residents favored
expanding timber harvesting in the BWCA. 44% of those in Northern Minnesota,
66% of Southern Minnesota residents, and 67% of Twin Cities residents were
against such an expansion. 18% of Northern Minnesota and Southern Minnesote
residents, and 20% of Twin Cities residents had no opinicn, while 5% of Southern
Minnesota residents and 3% of Twin Cities residents did not respond.

Tables 9.11-9.14 show the results of a series of questions relating to base

metal operations in Northern Minnesota ingeneral, and the BWCA in particular.

Table 9 .11

"The exploration and mining of copper-nickel in Northern Minnesota
should be encouraged."

(Northern Minnesota, N=180; Southern Minnesota, N=96, Twin Cities, N=293)

Agree No Opinion Disagree No Response
Northern Minnesota 75% 7% 17% 1%
Southern Minnesota 44% 17% 38% 1%
Twin Citiles 40% 20% 39% 1%

75% of Northern Minnesota residents, (including 82% of Ely residents) felt
that exploration aad mining of copper-nickel in Northern Minnesota should be
encouraged, compared to 44% in Southern Minnesota and 40% in the Twin Cities.

A

7% of Northern Minnesota residents, 38% of Southern Minnesota residents, and

[t

39% of Twin Cities residents felt such exploration and mining should not be en-

1

couraged. 7% of the residents in Northern Minnesota, 17% in Southern idMinnesota
and 20% in the Twin Cities had no opinion. 1% of the residents in each sample
area did not rTespond,

The next three questions concern different stages of a base metal operation,

4

it one were to be located in the Boundary Waters Canoe Area.



Table 9.12
"Exploration for copper-nickel should be allowed in the BWCA."

{Northern Minnesota, N=180; Southern Minnesota, N=96; Twin Cities, N=293)

Agree No Opinion Disagree No Response
Northern Minnesota 45% 16% 56% 3%
Southern *Minnesota 17% 17% 65% 1%
Twin Cities 15% 11% 73% 1%
Table 9.13

"Mining of copper-nickel should be allowed in the BWCA."

(Northern Minnesota, N=180; Southern Minnesota, N=96; Twin Cites, N=293)

Agree No Opinion Disagree No Response
Nerthern Minnescta 31% 17% 39% 3%
Southern Minnesota 16% 19% 64% 1%
Twin Cities ' 13% 14% 72% 1%

Table 8.14

"Smelting of copper-nickel should be allowed in the BWCA.Y

(Northern Minnesota, N=180; Southern Minnesota, N=96; Twin Cities, N=293)

Agree No Opinion Disagree No Reéponse
Nerthern Minnesota 27% 16% 51% 3% )
Southern Minnesota 8% 19% 72% 1%
Twin Cities 7% 15% 77% 1%

As is illustrated in Tables 9.12, 9.13, and 9.14, as the stage in development of
a base rmetal industry in the BWCA increases, support for the industry decrecases.
Again, Ely residents stand out in the Northen

. ¢

45% of Northern !Minnescta residents, (66% of Elv residents) 17
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idents, and 15% of Twin Cities residents favored the exploration
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for copper-nickel in the BECA. 36% of Northern Minnesota residents, 65% of
Southern “Minnesota residents, and 73% of Twin Cities residents were against
such exploration.

41% of Northern 'linnesota residents, (58% of Ely residents) 16% of
Southern 'linnesota residents, and 13% of Twin Cities residents favored the
mining of copper-nickel in the BWCA. 39% of those in Northern Minnesota,
64% in Southern Minnesota, and 72% in the Twin Cities felt that mining of
copper-nickel in the BWCA should not be allowed.

Finally 27% of Northern Minnesota residents (26% of Ely residents) 8%
of Southern Minnesota residents and 7% of Twin Cities residents felt that

9

smelting of copper-nickel should be allowed in the BWCA. 51% of Northern
Minnesota residents, 72% of Southern Minnesota residents; and 77% of Twin

Cities residents felt that smelting operations in the BKCA should not be

allowed.

Tables 9.15 and 9.16 indicate the response when the respondents were asked

first if they have ever seen -azn underground mine, and then whether or not they

had ever seen a smelter-refinery complex.
Table 9.15

"Have vou ever seen an underground wmine?"

(Northern Minnesota, N=180; Southern Minnesota, N=96, Twin Cities, N=293)

NO Yes No Response
Northern Minnesota 34% 65% 1%
Southern Minnesotd 52% 46% 2%
Twin Cities 55% 42% 3%

65% of Northern MMinnesota residents said that they had seen an underground

e

mine, along with 46% of Scuthern Minnesota residents and 42% of Twin Cities

9-18&



residents. 34% of Northern Minnesota residents, 52% of Southern Minnesota

% of Twin Cities residents said that they had never seen an

ot

residents, and 3
underground mine, 1% of those in Northern Minnesota, 2% in Southern Minnesota,
and 3% in the Twin Cities did not respond. It should be pointed out, however,
that quite often, those who said that they had seen an underground mine used as
an example, an open pit mine.
' Table 9.16
"Have you ever seen a smelter-refinery complex?"

(Northern Minnesota, N=180; Southern Minnesota, N=96, Twin Cities, N=293}

No Yes No Response
Northern MMinnesota 71% 26% 3%
Southern Minnesota 55% 43% 2%
Twin Cities 65% 30% 5%

2b6% of the residents in Northern Minnesota, 43% in Southern !linnesota, and
30% in the Twin Cities said that they have seen a smelter-refinery complex, while
/1% of Yorthern Minnesota residents, 55% of Southern Minnesota residents, and 63%

v Q

of Twin Cities residents said they have never seen one. 3% of Northern Minnesot=

o P

residents, 2% of Southern Minnesota residents, and 5% of Twin Ci

.

ties residents
did not respond, Again, several of those who said they have seen a smelter-
refinery complex used as an example, a facility which was not in actuality a
smelter.

The final two questions of this section deal with smelting and mining opera-
tions and the tourist industrv, and the effect each would have or has on the
wilderness character of Northern Minnesota. The results are illustrated in

Tables ©,17 and 9.18,



Table a9 17

"Smelting and mining operations in Northern Minnesota would tend
to destrov its wilderness character."

3,

Northern Minnesota, N=180: Southern Minnesota, N=96; Twin Cities, N=2
( 5 > 3 3 3

XS

3)

Agree No Oninion Disagree No Response
Northern *innesota 47% 19% 31% 3%
Southern Minnesota 67% 11% 21% 1%
Twin Cities 69% 14% 14% 3%

1, 0, i)

47% of Northern 'linnesota residents, 67% of Southern Minnesota residents,
and 69% of Twin Cities residents agreed that smelting and mining operations
would tend to destroy the wilderness character of Northern Minnesota. 31% of
Northern Minnesota residents, 21% of Southern Minnesota residents, and 14% of
Twin Citics residents disagreed with this statement, 19% in Northein Minnesota,
11% in Southern Minnesota, and 14% in the Twin Cities had no opinion, while 3%
and 3% of

of Northern Minnesota residents, 1% of Southern MMinnesota residents

b
Twin Cities residents did not respond,
"The tourist industry in Northern dMinnesota tends to destroy its
wilderness chavacter.”

(Northern Minnesota, N=159: Southern Minnesota, N=96; Twin Cities, X=283)

Agree No Opinion Disagree NOo Response
Northern Minnesota 535% 10% 55% -
Southern Minnesota 36% 13% 19% 2%
Twin Cities 39% 11% 48% 2%
35% of Northern 'innesota residents, (including 49% of Elv residents and

residents and 39% of Twin

Cities residents agrecd that the tourist indusityy in Norvthern Minnesota tends



to destrov its wilderness character. ©55% of Northern Minnesota residents,
(including 37% of Elv residents and 75% of Duluth residents) 49% of Southern
5]

Minnesota residents, and 48% of Twin Cities residents felt that the tourist

industry does not tend to destroy the wilderness character cf Northern Minnesota.

10% of the respondents in Northern Minnesota, 13% in Southern Minnesota, and
11% in the Twin Cities had no opinion, and 2% in Southern 'innesota and the

Twin Cities did not respond.

SECTION FOUR

Section Four concerns people's attitudes towards the formation and pre-
servation of wilderness and park areas, such as the boundary Waters Canoce Area
and Voyageurs National Park. Tables 9.19 and 9.20 concern the BWCA, and Tables 21
and 22 concern Vovageurs National Park.

Table 9,19

"The BWCA should be nationally advertised to attract tourism.'

Northern Minnesota, N=159; Southern Minnescta, N=96, Twin Cities, N=293)
5 3 5 5

Agree No Opinion Disagree No Response
Northern Minnesota 46% 12% 42% -
Southern *innesota 38% 11% 49% 2%
Twin Citiles 43% 11% 15% 1%

46% of Northern Minnesota residents, (26% of Ely residents) 38% of

Southern Minnesota residents, and 43% of Twin Cities residents felt that the

5

BiWCA should be nationally advertised. 42% of Northern Minnesota residents,

)

(62% of Elyv residents) 49% of Southern *innesota residents, and 45% of Twin

T
<P

Cities residents felt that the BWCA should not be nationally advertised. 1
f Northern MMinnesota, and 11% of Southern Minnesota and Twin Cities residents
had no opinion, and 2% of Southern Minnesota and 1% of Twin Cities residents

did mnot respond,
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"Is the BWCA being overused?!

s

(Northern Minnesota, N=113; Southern Minnesota, N=96, Twin Cities, N=2903)

Yes No No Response
Northern MMinnesota 42% 58% -
Southern Minnesota 18% 49% 53%
Twin Cities 26% 45% 29%

42% of Northern 'linnesota residents, (63% of Ely residents), 18% of Southern

Minnesota residents and 26% of Twin Cities residents felt that the BWCA is being
overused. However, several of the Elvy residents qualified their answer by saving
only certain routes are being overused. 58% of Northern Minnesota residents, (27%
of Ely residents), 49% of Southern Minnesota residents, and 45% of Twin Cities
residents felt that the BWCA is not being overused. 353% of Southern Minnesota
residents and 29% of Twin Cities residents did not respond.

Table 9 .21

"Do yvou favor the expansion of areas for wilderne and park purposes, such

as Voyvageurs National Park?!

{(Northern Minnesota, N=147; Southern Minnescta, ¥=96; Twin Cities, 1=293)
Yes o No Response
Northern Minnesota ‘ 55% 45% -
Southern “finnesota 84% 8% 8%
Twin Cities S5% 0% 6%

o

55% of Northern XMinnesota residents, (30% of Ely residents and 80% of Duluth

)

residents), 84% of Southern “Minnesota vesidents, and 83% of Twin Cities residents

¢

favored the expansion of such areas. 45% of Northern 'linnesota residents, (70%
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of Ely residents and 20% of Duluth wresidents), 8% of Southern Minnesota
resident; and 9% of Twin Citles residents did not favor an expansion of
these areas, and 8% of Southern Minnesota residents and 6% of Twin Cities
residents did not respond.

Table 9,22

"Would you favor zoning of the area adjacent to Voyvageurs National
Park, which would prohibit timber harvesting?"

{(Northern “innesota, N=144, Southern Minnesota, N=26; Twin Cities, N=293)

Yes No No Response
Northern Minnesota 43% 57% -
Southern Minnesota 65% 26% 9%
Twin Citie 65% 22% 134
43% of Northern ‘Minnesota residents, (19% of Ely residents), 65% of

Southern “linnesota and Twin Cities residents favored such zoning procedures

57% of Northern 'innesota residents

o

, (81% of Elv residents) 26% of Southern
Minnesota residents and 22% of Twin Cities residents did not favor zoning of
these areas. 9% of Southern Minnesota wesidents and 13% of Twin Cities resi-
dents cid not respond.

The respondents were then asked their attitudes towards preserving areas

of virgin timber, and Table 9.23 contains the results.
Teble 9.23

""Some areas of virgin timber should be preserved for thelr scenic

and natural resource value."

(Northern Minnesota, N=159; Southern Minnesota, N=96, Twin Cities, N=203)

Agree No Oninion Disagree No Response

Northern ‘finnesota 92% 3% 5% -
Scuthern Minnesota 92% 4% 3% 1%
Twin Cities 93% 3% 2% 2%
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92% of Northern Hinneséta and Southern Minnesota residents and 93% of
Twin Cities residents agreed that some areas of virgin timber should be pre-
served, while 5% of Northern Minnesota residents, 3% of Southern Minnesota
residents and 2% of Twin Cities residents disagreed. 3% of Northern Minnesota
and Twin Cities residents and 4% of Southern 'linnesota residents had no opinion
and 1% of Southern Minnesota residents and 2% of Twin Cities residents did not
respond.

SECTION FIVE

The questions in this section all deal with the economv of Northern

Minnesota., Tables 9.24, 9.25 and 9.26 illustrates the results of guestions dealing
3 &
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with the present economy of Northern Minnescta and Tables 9,27, 9.2¢
cern the future direction of Northern Minnesota's economy,

Table 9,24

"The present econcmy in Northern Minnesota is a desirable one."

\ -

(Northern Minnesota, N=156; Southern Minnesota, N=96; Twin Cities, N=2953)

Agree ~o Opinion Disagree No Response
Northern Minnesota 22% 0% 69% -
Southern Minnesota 19% 20% 56% 5%
Twin Cities 14% 25% 59% 2%

22% of XNorthern “linnesota residents, 19% of Southern Minnesota residents, and
14% of Twin Cities residents felt that the economv of Northern Minnesota is a
desireble one. 69% of Northern 'linnesota residents, 56% of Southern Minnesota
c

residents, and 59% of Twin Cities residents felt that the economnv is not a desir-

able one, and 9% of Northern innesota residents, 20% in Southern
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Table 9,25
"The eccnomy of Northern finnesota is too dependent on seasonal

mployment.'

{Northern MMinnesota, N=160: Southern !innesota, N=26; Twin Cities, N=293)

Agree No Opinion Disagree No Response
Northern !linnesota 74% 6% 20% -
Southern Minnesota 69% 16% 13% 2%
Twin Cities 71% 18% 9% 2%

74% of Northern “tinnesota residents, 69% of Southein llinnesota residents
and 71% of Twin Cities residents agreed that the economy of Northern Minnesota
is too seasonal., 20% of Northern Minnesota residents, 13% of Southern Minnesota

residents and 9% of Twin Cities residents felt 1t was not too seasonal. 6% of

Northern Minnesota residents, 16% of Southern Minne

w

ota residents, and 18% of
Twin Cities residents had no opinion, while 2% of Southern Minnesota and Twin

Cities residents did not resnond,

"Banks make available adequate money for new business investments in

Northern MMinnescta."

(Northern Minnesota, N=155: Sguthern llinnescta, W=36¢; Twin Cities, XN=293)
Agree Ne Opinion Disagree No Response
Northern Minnesota 40% 10% 20% -
Southern “Minnesota 23% 50% 13% 5%
Twin Cities S 17 65% 15% 5%

40% of Northern Minnesota residents, 59% of Southern linnesota residents

and 65% of Twin Cities residents had no opinion towards this statement. d40%



of Northern 'inmesota residents, 23% of Southern Minnesota residents, and

17% of Twin Cities residents agreed that banks do make available adequate

funds, while 20% in Northern Minnesota, 13% in Southern Minnesota, and 15%
o

in the Twin Cities disagreed. 5% of Southern Minnesota residents and 3%

of Twin Cities residents did not respond.

"The economy of XNorthern Minnesota would be better if it were more
diversified."

A

(Northern Minnesota, N=155; Southern Minnesota, N=96, Twin Cities, N=293)

Agree No Opinion Disagree No Respense
Northern Minnesota 87% 10% 3% -
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9%

~1

Southern “linnesota
Twin Cities 75% 18% 5% 2%
87% of Novthern YMinnesota residents, 79% of Southern Minnesota residents,

and 75% of Twin Cities residents agreed that the economy of Northern Minnescta

would be better if it weve more diversified. 3% of Novthern Minnesota residents,

1 a

‘finnesecta and 5% in the Twin Cities disagreed. 10% of Northern

[ak}

4% in Southern
Minnesota residents, 16% of Southern Minnesota residents and 18% in the Twin
Cities had no opinion while 1% of Southern Minnesota residents and 2% of Twin
Cities residents did not respond.

Table 9.28

"Sorthern ta should develop more extensive winter recreation
facilities."

(Northern Yinnesota, N=156: Southern Minnesota, x=96, Twin Cities, N=293)

Agree No Opinion Disagree No Response
Northern Minnesota 83% 5% 12% -
Southcrn Minnesota 77% 14% 7% 2%
Twin Cities 74% 10% 147 25

s}
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83% of Northern Minnesota residents, Southern lfinnesota residents,

and 74% of Twin Cities residents agreed that winter recreation facilites should
be more extensively developed. 12% of Northern ‘Minnesota residents, 7% in
Southern “!innesota and 14% in the Twin Cities disagreed. 5% of the residents

in Northern Yinnesota, 14% in Southern “Minnesota and 10% in the Twin Cities had

no opinion, while 2% in Southern 'innesota and the Twin Cities did not respond.

"Northern Minnesota's economic goal should be: To provide jobs for

the present population only, or, economic and commercial growth."

(Northern ‘“Minnesota, N=143; Southern ‘Minnesota, N=96; Twin Citiles, N:

2

Jobs for Present Pop. Econ. § Comn. Growth Both No Response

Northern Minnesota 63% 36% 1% -
Southern Minnesota 47% 47% 1% 59
Twin Cities 41% 50% 3% %

63% of Northern *finnesota residents, 47% of Southern Minnesota residents, and

ot

41% of Twin Cities residents felt that Northern Minnesota's economic goal should
be to provide jobs For the present populatiecn onlv., 36% of Northern Minncsota

LR A
P

of Twin Citiles residents

of Southern Minnesote residents, and 3

felt that Northern 'tinnesota should strive for economic and cormer growth,

]

1% in Northern Minnesota and Southern Minnesota answered '"both' as well as 3%

0.
K

1

in the Twin Cities, although "both' was not offered as a possible answer,

3,

in Southern Minnesota and 6% in the Twin Cities did not respond.
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The respondents were asked 1f they felt pollution regulations should be
relaxed in order to better accommodate industriai development. The resu
are shown 1in Table 0, 30,
Table 9;§9
"Pollution regulations should be relaxed to make it less difficult

for tourism and other industries in Northern Minnescta."

(Northern Minnesota, ~N=158; Southern Minnesota, X=96; Twin Cites, N=293)
Agree No Ovninion Disagree No Response
Northern Minnesota 9% 4% 87% -
Southern Minnesota 8% 3% 36% %
Twin Cities 6% 8% 85% 1%

9% of Northern Minnesota residents, 8% of Southern “Minnesota residents, and

6% of Twin Cities residents feluv that existing po ion regulations should be

relaxed teo make it less difficult for tourism and other industries in Novrthern

CC

Minnesota. &7% in Northern Minnesota, 86% in Southern Minnesota, and 85% in

the Twin Cities felt that existing pollution regulations should not be relaxed.
4% of Northern ‘linnesot 5% of Southern Minnescta residents, and &%

of Twin Cities residents had no opinion, and 1% of Southern Minnesota and Twin

Table 9,31 shows the results to the question regarding mine safety regulations

in Minncsota,
Table 0. 3]
"The regulations concerning mine safety in 'innesota are aedequate.V
(Yorthern Mimnesota, N=132; Southern Minnesota, N=86; Twin Cities, N=203)
Agree No Opinion Dizagree No Response
Northern “Minnesota 39% 27 545 -
Southern ‘linnesota 8% 62% 23% 7%
Twin Cit =s 107 6 20% 5%
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39% of Northern lMinnesotz residents, 8% of Southern Minnesota residents,

1,

and 10% of Twin Cities residents felt that mine safety regulations in Minnesota

ng
o

g_J

are adequate. 34% of Northern 'finnesota residents, (including 56% of Hibbi
residents), 23% of Southern Minnesota residents, and Z0% of Twin Cities resi-
dents felt that these regulations are not adequate. 27% of Northern Minnesota
residents (including 58% of Duluth residents), 62% of Southern Minnesota resi-

r

dents and 67% of Twin Cities residents had no opinion, and 7% of Southern Minnesota
0

residents and 3% of Twin Cities residents did not respond.

Table 32 illustrates the vesults of the question regarding mineland

&

reclanation procedures.

"A mining company should be required to restore its land to the naturzal

AT ATIE A M
2 c n

JIOUS

o)

=R

Sstate 1t wac

7
n
3
M3

(Northern Minnesota, N=158: Southern “Minnesota, N=86; Twin Cities, N=293)

Agree No Opinion NO Response
Northern 'linnesota 79% 8% 13% -
Southern “Minnesota 80% 5% 3% 5%
Twin Cities 85% 8% 45 3%
79% of Northern Minnesota residents, 89% of Scuthern Minnesota residents,

and 83% of Twin Cities residents felt that a mining company should be required
to carryv out reclamation procedures. 13% of the residents in Northern Minnesota,

3

3% in Southern Minnesota and 4% in the Twin Cities felt that such procedur

att
[¢]
w

should not be required. 8% of Northern !linnesota and Twin Cities residents

znd 3% of Southe
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SECTION SEVEN

1

Section Seven consists of two questions, one concerning respondents
attitudes towards "envirommental groups', and the other concerning the amount
of environmental attention received by Southern Minnesota and the Twin Citiles
in relation to Northern Minnesota. These results are included in Tables 9.33 and
9.34. The guestion concerning respondents' attitudes towerds envircnmental groups
was subjective in nature, in that no possible answers were listed. The responses
have been categorized into three types: favorable, unfavorable, and ambiguous,.

"What is your impression of environmental groups whose primary concern

is with preserving the ecological quality and wilderness character of

Northern Minnesota?!

(Northern Minncsota, N=180: Scuthorn Minncsoto, MN-06; Twin Cites, N=293)
Favorable Unfovorable Ambiguous No Response
orthern “Minnesolsa 36% 24% 15% 255
Southern Minnesota 52% 17% 9% 22%
Twin Cities 51% 10% 16% 235%

36% of Northern Minnesocota residents, 52% of Southern Minnesota residents,
and 51% of Twin Cities residents recorded a favorable impression of environmental

uthern rlinnesota residents

@]

groups, 24% of Northern Minnesota rvesidents, 17% of S
and 10% of Twin Cities residents recorded an unfavorable response. 15% of the

residents in MNorthern “Minnesotea 9% in Scuthern Minrnesota, and 16% in the Twin

£ Nortchern




1

The respondents were then asked if they felt that industries in the
Twin Cities receive the same amount of, more or less, environsental considera-
tions than are currently being given Northern “linnesota. The results to this
.

question are shown in Table 2.34(This question was not included in the Northern

Minnesota survey)

0.34

"Do you feel that industries in the Twin Cities Area and Southern
Minnesota are receiving the same arount of environmental considerations
currently being given in Northern Minnesota?"

(Southern Minnesota, N=96: Twin Cities, N=283)

Yes No No Response
Southern Minnesota 45% 17% 10%
Twin Cities A2% ALY 138

"The Twin Cities Area and Southern Minnesota receive; more environmental

ation?!

consideration, or less cnvirvonmental

N

Southern Minnesota 40% 60%

o
;

win Cities 40% 60%
43% of Southern “innesota vesidents and 42% of Twin Cities residents felt

that the Twin Cities Area and Southern ‘linnesota receive the same amount of

environrental consideration as does Northern MMinnesota, while 47% of Southern

(¢

Minnesota residents and 45% of Twin Cities residents felt they do not receive

the same amount. 10% of Southern Minnescota residents and 13% of Twin Cities

)

Minnesots

b

residents did not respond to thi

W
o
]
[N
jon
i
o]

s question. 407 of Southern

Citles residents felt that Southern

“

Hinnesota and the Twin Cities Area receive

more environmantal consiceration than does

4

O

[

nesota, and 60% of Southern

jone)
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!

“Yinnesota and Twin Cities residents felt they receive less than Northern
“finnesota,

SECTION EIGHT

This final section contains questions relating to future development
of the North Shore of Lake Superior.
Teble 9.35 shows the results of the question regarding the construction

of a four-lane highway on the North Shore.

"A four-lane divided highway should be built on the North Shore of
Lake Superior from Two Harbors to Grand Portage."

(Northern Minnesota, N=158; Southern Minnesota, N=96;

3

Twin Cities, N=293)

Agree No Opinion Disagree No Response
Northern Minnesota 57% 20% 28%
Southern Minnasota 41% 20% 36% 3%
Twin Cities 30% 16% 45% 3%

52% of Northern Minnesota residents, 41% of Southern Minnesota residents

and 36% of Twin Cities vresidents agreed that such a highwsy should be buillt.

e
W

the residents of Northern

. 5.

in the Twin Cities disagreed, while 20% of Nort

Minnesota residents, and 16% of Twin Cities residents had no opinion. 3% of

kY

Southern Minnesota and Twin Cities residents did not respond.

The respondents werc then asked their opinions towards the location of

e
o

additional big industries on the North Shore, These results are included in




Table 2,36

"No additional big industries should be allowed to locate on the

North Shore of Lake Superior."

(Northern 'innesota, N=180; Southern Minnesota, N=96; Twin Cities, N=293)
Agree No Opinion Disacree No Response
Northern Minnesota 35% 16% 50% 1%
Southern Minnesota 57% 17% 23% 3%
Twin Cities 66% 11% 20% 3%
33% of Northern ‘Minnesota residents, 57% of Southern Minnesota rvesidents,

and 66% of Twin Cities residents felt that no additional big industries should

£ Northern Minnescta residents, 23%

w
e}
oo
]

be allowed on the North Shore, while

e
o]
50

of Southern *Minnesota residents, and of Twin Cities residents felt thev
should be able to locate on the North Shore. 16% of Northern innesota resi-
dents, 17% of Southern iinnesota residents, and 11% of Twin Cities residents

had no oninion, while 1% of Northern Minnesota residents and 3% of Southern

Minnesota and Twin Cities residents did not vespond.

Tables 9.37 convevs the respondents' opinious towvards regulations concerning

billboards and other signs on the North Shore,

Table 9,537

"Signs for business aleong the North Shore should be limited in
size, type, and color.”

(Northe»n Minnesota, N=180; Southern Minnesota, N=96; Twin Cities, N=203)

Agree No Oninion Disagree No Response
Northern Minnesota S3% 9% 7% 1%
Southern Minnesota 37% 5% 5% 3%
Twin Cities 8S% 5% 2%



83% of Northern innesota residents resident

(‘)
ff;

ns 2long the North Shore should

be subject to such lirmitations. 7% of Northern Minnesota residents and 5% of

Southern Minnesota and Twin Cities residents did not favor such limitations.

A

9% of Northern Minnesota residents and 3% of Southern Minnesota and Twin Citiles
residents had no opinion, while 1% of Northern Minnesota residents, 3% of

Southern innescota residents and 2% of Twin Cities residents did not respond,

Finally, Table 9.38 illustrates the respondents' feeling regarding future

industrial vs. recreational development on the North Shore.

Table 9,38

"The state should encourage recrestional rather than industrial develop-

%

ment on the North Shore."

Northern Minnesot= 16% 3%
Southern 'finnesota 71% 9% 16% 4%

Twin Cities

459 AN - ~ 4 -
45% of Northern *Minnesota residents

Twin Cities residenis agreed that the state should stress recreational develeop-
ment cn the North Shore. 36% of the residents in Northern !innesota, 16% in
Southern Minnesota and in the Twin Cities disagreed with this statement,
16% of Northern Minnesota residents, 9% of Southern Minnesota residents, and
10% of Twin Cities residents had no opinion, while 3% of Northern Minnesota
rasicents, 4% of Southern innesota vesidents, and 6% of Twin Clties residents
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The administration of &ll stete—owmed minervelc and mineral rights is
the responsibility of the Department of Natural Resources under Chapter 93
of Minnesota Statutes. This includes minerel rights received with Federal

land grants, mineral rights acouired through tax-forfeiturss and held in

trust for the taxing districts, and other mineral rights acquired by purchase,
gift or transfer. However, it must be recognized that while the basic

responsibility for mineral administration is vested with the Commissioner of

-

Natural Resources, the uvlitimate authority regarding the issuance of mineval

leases, epproval of eppropriate rules and regulations, etc. is vested with

EN

o

the State Executive Council composed of the Governor, Attorney Gene

Secretary of State, State Tressurer and State Auvditor.

witlmate minerel lease aiministratlon body in the executlive branch of
government L& the State xecubive Council. The Department of Hatural Rescurces

serves ez the technical arm of that body and prepares recommendati

necessary implementetion.

v I} h I T e A - N
<ground,; development, and

curreni status of the state's minerel leasing program, it is necessary to

vy provisions of lessing, state-

of the state's coppor-nickel




The first lands acquired by the state were as a result of congressional
action and are commonly known as Trust Fund Lands. Under the 1857 act author-
izing a state govsrnment, Congress granted to the new State of Minnesota, millions
of acres of land to be used for ﬁhe support of public schools, a state university,
for erecting public buildings, constructing public roads and other internal
improvements. Congress in 1860 further granted to the state all swamp and over-—
flowed lands that had not already been conveyed; and in 1862 and 1870 granted
additional lands for an agricultural college and for the university. In &li,
these congressional grants amounted to some 8% millicn acres. Part of the Swamp
land grants were subsequently conveyed to railroad companies, but the trust
fund lands that were conveyed by the original State Constitution and the Swamp
Land Amendment of 1881 established permanent Trust Fund Lands that exceeded 5%
miliion acres. Subsequent sales of the Trust Fund Lands has reduced this total
t0 approximately 2.6 million acres.

The inditial change from a policy of disposal to a policy of partial reser—
vation of state lands came dn 1889 and was in relation to mineral rights. An
act pazsed that year provided that whenever state lands located in St. Louls,

Lake or Cook Countiles were sold, the State Land Commissioner could, in his

¥

201 this mineral
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discreticn, re

w

erve all mineral righ

-

reservation act was

3]

made mandatory and state-wside. Today these mineral reser=

€

vations epply to &ll state lands that are sold, including tax forfeited lands.
In addition, mineral rights are reserved on lands disposed of by exchange.
Consequently, the state has retained mineral rights on over 900,000 acres
of trust fund lands that have been sold or exchanged since the passage of these
acts. The amount of mineral rights administered by the department, therefore,
.

is greater than the surface ownership. It includes 3% million acres of trust

fund mineral rights -~ lands on which the title to the minerals is certain.
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The revernues derived from the use of these lands must be credited to the
appropriate trust fund for the benefit of our public schools and university.
The Constitution prohibits the expenditure of any of this inccome. Tt is
therefore invested by the Stete Investment Board and the university, and the
return on the investment is distributed to the university and schocl districts.

Upon becoming a state in 1858, Minnesota also was vested with title,
below the ordinary low water mark, to the beds of all navigable bedies of water
within its boundaries. These lake and stream beds are also under the juris~
diction of the Departmenf of Natural Resources, and any revenues derived from
thiem are creditea to the Schools Trust Fund.

The Department of Natural Resources periodically acquires certain lands in
fulfilling its management responsibility. With legislavive approvel, over
00,000 acres of land have been acquired for parks, forestry, fishvand iidlife
management, public accesses and other public purposes. This includes some
159,000 acres for parks,; over 400,000 acres in comnection with state forests,
and epproximately 360,000 scres in connection with the statefs fish and wildlife
management programs. These lands have been acouired Ly purchase, gift or through
transfer of tax forfeited land from the couwnties to the departwment for management

purpeses. Title to the minervals varies with the means of acguisition and in

many cases is wimown. Revenues derived are credited to the proper fuad.

The shtate bezan to Lake title to tex forfeited lands in 1936 under the

s

first effective tax fortfeiture law enacted in 1935 (Chapter 278). During ths
next two years, the forfelturs of lands delinquent on the 1927 to 1930 tax rolls
brought approximately 4.2 million acres into state ownership, in trust for the
taxing districts heving an interest in them. The amount of tax forfeited land
constantly fluctuates due to continued tax forfeiture, land sales, land exchanges

ard transfers. The present amount of tax forfeited surface lends totals approx-

imately 3% million acres. However, minervals are reserved when tax forfeited



lands are disposed of, and, consegquently, these mineral rights cover approxi-
mately 5 million acres. 1In 1943, the department was authorized to lease tax
forfeited minerals with 80% of any revenues received being returned to the counties
for distribution to the taxding districts.

Another category is known as Consolidated Conservation Area Lands. These
lands, totaling over 1% million acres, were acquired through tax forfeiture.
However, through ueglsjatwwe action, title to these lands lies directly in fee
with the state, rether than in trust for the taxing districts. The state took
this action to prevent defeult on certain drainage bonds lssued by seven counties
in the northern part of the state. In return for the state's paying off these
ditch bonds, tax forfeited lands in certain parts of these counties forfeited in
fee to the state with 50% of any revenues resulting from the sale or management
cf these lands being returned to the counties. Title to the minerals of lax
forfeited lands is somewhat obscure, due to the fact that the minerals could
have been reserved prior to forfeiture and not have been recorded. (See Chapter 12

on Severed Mineral (wnership for further discussion on this subjecta)

Two other types of lands known as Volstead Lands and LUP Tands ave

4

administered by the Deparbmant of Naturel Resources. The V

J LEp

o

drainaze projects in northwestern Minmesota. In 1963 the state received 33,200

m the federal government. The ILUP Lards

[
o

acres cf these Jards by purchase

<

(Lend Utilization Project Taunds) resulted through the purchass by the federal

government of submarginal szgricultural lands from private individuals as author-
ized under the MNetional ITrdustrial Recovery Act of 1933. Certaln of these lands
have subsequently been deeded to the State of Minnesots and are administered by
the Department of Hatural Resources. Title to the minerals of Volstead Lands
were &coulred with the surface but may not have been accguired on LUP Lands. The

L

federal government rveserved an undivided three-fourths interest in all rdnerals



nct of record in third parties and reserved the remairing one-fourth interest
in 211 fissionable materials on LUP Lands deeded to the state. Mineral revenue
) 3 d 3

eceived from these lands is credited to the sbate forest fund which appropriates

and 50% to the general revenue fund.

l"’ B
;—f‘
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50% to the county where the land is 8

MINERAT,

]

The first mineral lease law was passed by the legislature in 1889 and has
been substantially modified and expanded since that time. The avthority and
guidelines for the Department of Natural Resources' management of state-—ovmed
mineral rights are set forth in Minnesota Statutes, Chapter 93. Under state
minereal laws, mineral rights are nol sold, but state lands believed to have
mineregl potentisl are leased gt public sale or under ceftain cases are negotiated.
The mineral leases provide for payments to the state of annual minimun royalty
or ground rental when no ore is mined, and royalty for each ton of ore mined
ana/ow hipped.

o
f

Most ¢f the lawe governing the leasing of state-owned minevals hove

naturally been directed at iron ore and taconite. However, the following laws
relate to the leasing of non-ferrous minecals:

L

1. Minn. St

gtural Resources

o)
5
=

5 Sec. ’.71’5;0(_2'7? EMDOVETS

te and thei

9
r‘r

to have charge and control over public minereals of the
leasing.
2. Minn. Stat., Ch. 93, basic law relating to state minersl ownership and

Jeasin

o)
a‘

93.01 « 93.0L TReserves minerals in state-owned lands.

93.05 FRequires conpensation 1o be paid by a stete lessee to any surface

ovner damaged by the lessee's mining operations.

(&7

93.06 Reserves minerals under navigable lakes and wivers.
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93.08 Authorizes prospecting, leasing and mining of non~ferrous
minerals, such as gold, silver and copper under the waters of
public lakes or streams pursvant to rules and regulations adopted
by the Commissioner of Natural Resources and approved by the
State Executive Council,

93.2), Authorizes the mining of ores, such as gold, copper and silver,
by a lessee having an iron ore lease only pursuant to a
supplemental writlen agreement entered inlo between the state
and the lessece.

93,25 Authorizes proswpecting; leasing and mining of non-ferrous
minerals, such as gold, silver and copper, upon any lands owned
by the state (including tax-forfeited lands) and the beds of
adjacent waters, pursuant to rules promulgated by the Commissioner
of Natural Resources. These permits and lesses must e approved
by the State Fxecutive Council.

93.335, Subd. 4 Provides for the apportionment of rents

‘
[
o)
[o
o
o}

<
L
i
e
gt
T

i

state general Tundj % to locel taxing districts to be apwortioned
3/9ths to the county, 2/9t35 to the town, villege or city, and
L/9ths to the school district.

93.3L Makes 1t unlawful to mine under public lakes vithout proper
avthorization from the state or without the consent of the State
Executive Council.

93.L3 Authorizes the Commissioner of Hatural Resources to give permits
or licenses across state~ovmed land to businesses engaged in
copper-nickel mining for pipelines, pole lines, sluiceways, roads,

ete,

Tlowage

S ¥



HISTORY OF THE PROMULGATIOCN OF THE STATH'S COPPER-ITTCKEL RULES

) .

During the 1950's, industry and locel government officiels interested in
copper-nickel mining and its possible benefits uvrged the Commissioner of
Conssrvation {(now Hatural Resonrges) to establish rules and regulations
goverrning the prospecting for and mining of copper-nickel and associated
minersls on land under State control. After the reguired public notice, and
after all interested persons hzd received a draft of the preliminary version

of the proposed rules and regulations and after the Conmissioner had received

written suggestions from some of those notified, & public hearing was held on

It

Januwary 15, 1959, at which time: all interested persons were heard and testimony
taken. However, no action was taken by the Executlve Council to approve these
rules and regulations and, as a consequence, they never became effective. TFor

various reasons interest wansd abt this Lims and no further action wes teken until

the rid 1960°%s.
In 1965 interest revived and in February, 196 6 the Commissioner of

Conservation again preposed rules and regulations. Written suggestions in
1% 1S e o5

reSpONSe WETe Af submitied Lo the Conmissioner, who then fixed a date for

Fayl

another public hearing. Alter the requived public notice was given and af

the Ccrmissioner agein recelved written

a public hearing was held on July 15, 1966, attended by representatives of

and groups concerned with the environment, such as the

Izaak Walton League. The Depuly Commissicuer of Conservation then formeally
recommerded the rulss end reguletions Lo the Executive Council. After proper

notice of their mesting, on November €, 1966, the Executive Council unanimously

approved the regulations, efterraking one change, the eddition of a
provision authoricing the Fuecutive Council to reject any and &1l bids. The
epproved as to form end execution by the Attorney




10-E

o LN

General and filed with both the secrevary of State and the Comlssioner of

Admini stration on lovember 18, 1966,

The rules and regulations adopted by the Executive Council in 1966
provide a leasing progrem for copper, nickel and other associated mineralsn“
Major items contelined in the rules include: provisions for public and
negotiated lease sales,; bidding procedures, and the actual lease form. The
lease form contains the basis for royalty and rentzl paymentss safety pro-
visions; envivonmental considerstions; reserves the state’s right to leases dron
ore, taconite and sell timber:; requires the lessee to submit monthly and annusal
7 )

reports, exploretion data and mine samples:; provides for state dnspecition:

~

requires the lessce to pay demages and taxes: the lessee's vighlt 1o terminate
and the lessor's right to cancel.

1. The basis for royslty and rentel paym follows:

b) Royalties on Metals and lhneral Prcduclts Recovered
Rentals are always paid, bul under certain circumstances can be creditsd

toward earned royalties on ore produced. Xoyalties sre based on the

market velue of metals znd minerzsl products recovered in the mill

1 ton of dried crude ore. The voyaliy is a base
percentage rate plus an additional percentage that is bid to obtalin the

lease.




22

1.

&}
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b)

h

Paregraph 23: Iease provisions ere subject to all state and federal
statutes, orders, rules and regulations, and 2ll operations under the
lease shall be conducted in conformity therewith. Thus, for example,
the operation is subject.to the 1966 Tederal liine Safety Act, the
authority of the County Mine Inspector, and other state and federal
controls

Paragraph 24: The lessee shall conduct operations as 1s usual and
customary in skiliful and proper copper-niclel mining operations.

Parvagraph 30: During the terminstion pericd the lessee shall make

prepara ns to leave the premises in a safe and orderly condition

to protect agsinst injury or demage Lo persons or properitye.

ironmental Considerastions

: A lease does not grant the apsolute right to construct a
smelter on State land: V...bub such xight to mill and concentrate shall
not include the right to reduce or smelt ore upon saild mining unit

and the commissioner, suthor-

vithout en egreemsnt belween the le

N
1

iming such the surface of the land ard providing for the
Paragrephs 20 and Z4: Tease does rniot authorize use of surisce except
as approved by the Commissioner: YSurface Jlands owned by the state in
said mining wait are not to be cleared or uszd for construction or
stockpiling purposes unless end until the plan for such use has veen
zpproved by the Commissioner. The surface use of seid mining unit shall

be conducted

b
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rflflg and erosion
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| "Stockpiled materials . . . shall be stockpiled only in such manner

o

and on such sites as rmay be authorized by the commlssloner in writing."

If surface is not owned by the State, the lessee rust savisly the surface
owner prior to proceeding in accordance with para. 5.
c) Prior to proceeding urder the lease the lessse must secure all

e and federal laws

c+

necessary perinits, etc., and comply with all sta

0‘3

and regulavions in compliance with para 23

"The provisions of this lease are subject to all appliceble state and

T

federal statules, orders, rvules and regulations, and all operations

uwnder this lease shall be conducted in conformity therewith. o intere

' . \

ference, diversion, use of appropriation of any waters over wnlch the

-

commi.ssioner or eny other shbate agency has Jurisdiction, shall be

wnderteken unless authorized Lhe commissioner or the

g’b

said state agency." before proceeding the lessee will have
vo secure mumerous permits after the necessary public hearings.

d) The lessee is requived to restore the arss in accordance with para. 30:

Y. . « the lessee shall do all other voric which ommlssioner deems

Lone. The typs

which might be uwtilized under any given operation

are not known at this tims

Le Perzgraphs L and 5 reserve the states right to lease iron ore, taconits,
and surface; and to sell the timber,




rensmit with each royalty payment a
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statement of the tonnage end the value of the ore mined and removed.

aragrapn 15: Monthly reports covering tonnages end analysis of all

material mined, milled; concentrates produced, materials stockpiled

and comningled materials are required.

explorvation data, maps, and development plans. A portion of all ex-—
ploration and opsrating samples must be made availaeble when recussted

by the Cowmissioner. AlL exploration information is classified until

termiration of the lease.

hag the right to ingpscl the operations

ering or sampling procedures.

Lesseets Obligation

8)

D)

1t to Termd

v
—
[e2}
™
o

D

w©

must satisfy ell other cwners having an

lands & mﬁmﬂmwwgu3dﬂinmmtﬁmﬂgwﬁtnmﬁrto

specific wh

occurs sixty (60) days after delivery of

i

Paregraph 29

550r may give notice to terminste should lessee notb

M
I

periorm all corditions of the legse.




Attached is a copy of the Rules and Regulations {Lpoendix 10.1) which contai
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Section 5 of the Rules and Regulatlons provides Tor a public sale of leassas

to prospect and mine copper, nickel and as wat@d minerals. Other provisions

are the legal notice, a $25.00 mining unit bock fee and the bid opzning and

awarding subject to Ixecutive Council approval.

Secvion L provides for a 50 year lease and allows the Commissioney Lo

designate the lands contained in a mining unit. werefore, all lands edrindstered

by the department in e given governmental sectlon have been included in g wmining

unit subject to deletions for conflicting

g manegement use. The beds of public

waters heve been included ondly in the sales covering the In

vres of pinerel Jondzs dn the RBovgs

)

or offered for

the current procedure involved in helding a public

1. Department of HNetureal Rescurces raviews
daba including geologic, gecophysical, general ownesrships, etc.

o submit

SV

R T b - - - - e P : i3 L] -
L. Terntative lease sele erecs boundaries are set, in conjunction with an

identified historic and archeo-

Aiic areas and obher

possible conflicts arnd environr concerns. Tne following groups
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various divisions of LR,
Hetural and Scientific Are

Advisory Council end othe

DR reviews comments of above agencies and groups for possible ¢

ga

Deteilec ownership data is sccumilaved and mining units are established

~n

mindng unit descripbion) .
o) &

Mining Unit Books (specific parcels are identified) and maps showing

s involved
lease sale,

sale was reviewed with

Prospective bidde:
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Bids 2 o Council.
Hign to tne potentiel environmental efiects
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RULES AND RECULATIONS NR 9%

paid to the state per ton of crude ore for the copper, nickel, and associated
metals and mineral products recovered from the ores minad {rom the
mining vnit shall be the bhase rate per ton of dried crude ore. plus an
additional . ... per coni of the value of the metals and mineral products
recovered in the null concentrate.” The application and bid, tozether with
a certified check, cashizr’s check, or bank monev order, pasable to the
state treasurer in the sum of fifty (50) dellars, shall be submiited in a
bid envelope obtained from the commissicner. Fach sealed bid envelope
shall be enclesed in another envelope and shall be delivered in person
or by mueil to the ¢ sstoner at Saint Paul. NMinnesota, Bids may be
submitted at any tme prior to the tme speeified for the opening of the
bids, and no bids submited after that time shall be considered. Upon receipt,
the commissioner shall endorse upon each seaded bid envelope the exact
time of presentation and preserve the same, unopened in his office.

At the time specified. the commizsioner, tocether with the state executive
council, sholl then puoac]\ open the bids and a: nounce the aroount of cach
bid separately, U be awarded by the sioner, with the
approval of ¢ cutive council, to the highest bidder for the re-
spective mining units, but no bids shotl be accepted _;.,t do -not equal or
exceed the base rovally rates set forth in () [S2ction 7.] of these rules and
reculations. The richt is reservad 1o the state. through the ex tive coun-
eill t o Teoject any or ail bids, Upon the avward of o lease. the certified check
red with the b id shall be deposited \“ith the state {reasurer as a fc
for the lease. sids not s pted shall become void, and the check
accomnanying shall be rewrned IO the vespective bidders

(fy [Seetion 6.] Wegoiaied L(“W"s \'\"hem\' rthe commissioner shall find

that 1t is impraciicul 1o ho]d a c’ﬂo on any mining unit because of

its location or size or the ex interest in the minerals there

and that the b t : vill be served therebv, the -ommis-

sioner, W Lh th ve council, mayv, without helding a
EN)
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shall be
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S¢S shiell be in the form set 1\:)1";11 in (=) [Section
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methods during the secend ten (10)

c ) T shall be tvwo and one-quarier (214) per
cent of ihe value of > and mineral products recovered in the
mill con ‘emrwe from cach wn of drisd crude ore, plus an additiona! wwo
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CHAPTER oF MINERAL PROMTHNESDT-
"Severed ! is the general terrm aprliled to mireral

out much of

estate property, for owners to retain the Cvo
owners ©of a provertyv--one for the surface he

Severed mineral interests occur in all areas of the-stete, but the majority

of severances invelve la located in northern Minnesota where the potential

for mineral discoveries has long been known. For example, the

L

Titles in Cook County estimates that 80% to 85% of

ered mineral ownership.

Q36,500 acres have seve

&
by the U. S. Govermment to private individuals. >Manyv of the lands in avea
ired by individuals because of the interest in minevels rathery than the

As a result, in were disposed of and

the mineral interest retainsd,

DUT OV,

are owned

1terest ds oa

coon 07
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mineral interests ed separately from the surface, exc where drilling
analvsis is available, has encouraged the separvation of ownership of surface
from mineral estates and has resulted in the creation of millions of acres of
untaxed mineral estate lands which thus have been immune crom tax forfeiture.

EFFECTS OF

eN'o

ests: (1) creation of a real

obscurity of mineral ownershiy

3
Currently, under Minnesota
A

fail

ure to pay the t©

X results in Torfeiture

lved from separeting suriface and mireral inter-

p

not

of preverty whic taxed; and (2)

P

ve to incomplete recovds.

7

all

surface

S
'

Y

1

he'y

resent

results in forfeiture to the state, in trust for the local taxing districts.
|8 IOTEPERPPIN L L wely eyt the value £ 4 lhe o ~n1s has not been deleirmaincd PR
Sowever INn wdases wnere the valuas 0 1he mineYald das Nnov Deen decCimlindu, Lo

vered mineral
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hold such mineral
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sunstanitial

to acquire;

has paid wo taxes; and (3) he ~ded tull nrotection of the law.
Another facet to the preblem involves obscurity of wineral ownership. As
Tty owner sells retains the mineral
many mey b
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that parcel. Upon the death of
on to his heirs as undivicded
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are lands owned by federal and state goveri-
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due to the possibility that 1t was severed prior to the land heinc acquired by a
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R:\iFu COMMENTS

In review, the two besic problems regarding severed mineral inteyests in

h

dMinnescta are: (1) creation of a sepavate properiy ownership which becones
increasingly cobscure and which cannot readily be determined from normal ovner-
ship records; and (2) an inequity of tax laws which permits the owner of a
severed nineral estate to escape taxation unless drilling has established a
proven value

The Department of Natural Resources and a number of the northern counties
have been concerned with this problem for many vears and have made repeated

attempts to resolve this situation since 1957. Passage of the '‘Mineral Regis-

e

tration Act" in the 1969 legislature, represented the first step in a solution
to these problems‘l This law requires owners of severed mineral interects to
register their interest in the county in which the lands are located by Janu-
ary 1

, 1975 and to ve-register cvery five vears. However, there is little, if

5

any, penalty for failure to register and no loss of rights; consequantlv there
is very little incentive to register.
To remedy the inacdequacies of the present law, the Department of Natural
b

,
Rescurces prepared a bill, wvhich was submitted to the 1971 legislature” to euend

existing laws to:

;

(1) Hake stration of severed miuneral rights mandatory

[N

ew

~

(2) Impose a minimun tax of £.50 per acve for severed mineral

Tights on which no value has been placed and otherwise
taxed {(The province of Ontario in Canada, which has land

omershin patterns and mineral characteristics similar to

sections 95052 - 9555
, 1971 regular logislative zession,  See Aprendix 12.1



Provide for forfeiture of severed mineral yights to the

N
(93]
fN—e

state, in trust for the l§ca1 taxing districts, for fail-
ure to pay the imposed tax (as is the case with other rcal
property rights) or for failure to register these rights,

The bill affords every owner of severed mineral interests an opportunity to
preserve his ownership interest in minerals by paving whatever taxes are due on
his mineral property. Revenue derived from this tax would be collected and dis-
tributed by the counties in the same manner as is the tax on the surface inter-
ests. Failure to pav the taxes or to register the mineral interest would re-
sult in forfeiture of the minerals to the state, in trust for the local taxing
districts.

Except for the registration requirement, which is necessary to clarify the
obscure ownership interests in long-severed mineral estates in Minnesota, this

is the same system of law applied to surface ownership in Minnesota. Existing

iy

joW

=]

that severed minerals, which are valued and assessed

(52}

law already provid
purposes, forfeit to the state for non-payment of raxes.
Revenues derived from minerals forfeited to the state under this bill would
be distributed 80% to the local taxing districts (the county, school district

d of the state. The

and local municipality), and 20% to the General kevenue Fu
primary beneficiaries of these revenues would therefore be the economically

hard-pressed counties in northern Minnesota.

D
o
=
=

The bill as propos

ported by the counties, the Department of Taxation and by mest of the major

D

environmental ¢roups. It is proposed that an up-dated version of this bill will

be suvbmitted to the 1973 legislature for action., (See
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Chiections to the proposed legislation have been voiced by some interest

¢roups. One has suggested that failure to register or pay a tax on the mineral
estate should result in forfeiture to the surface owner., This approach has been

opposed by the various state and county agencies mentioned above, as well as oy
most en&ironmental groups for the following reasons:

(1) Such a procedure would be unparalleled in Minnesota law and would probab 1v
be declared unconstitutionai. In the area where the law would have its greatest
impact, the primarv beneficiaries would be the large surface land holders, such
as timber and mining interests and the federal government;

(2) State copper-nickel leases contain environmental safeguards not present
in most private leases;

(3) State mineral leasing laws and rules require the state's lessee to
compensate a surface owner for damages to the surface owner's properiy, thersby
providing the surface owner protection.

As a result of discussion and certain objections voiced st hearings held
on various mineral registration bills during the 1971 legislative session, the
Senate Natural Resovrces and Invireonment Committeec appointed an Interim Sub-
commitiee to study and consider the registration of severed mineral interests.
Testinony was received at three hearinzs held by thisz Subcosmiitee during 1872,

A report summarizing this testimony was approved by the Subcommittee in Decem-

1972; but their specific recommendations that would have continued special

treatment of untaxed mineral rights and required a will and probate action in
settling each minsral estate, failed to receive support of the Subcommittee,
RECOMMENDATION:  Foro the wuwwese of provdding adeqsuate and curnnaent rzeoe ed

. /. VA / : 7 PR [ N 4 fn
Ciie ok of wilen LS already fuionly Anaotion:
! ; A s s Pl e Ly 10T [Es I
L e me A 1967 (linesesa Los 1971, Se colons 95,57
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fegulas Leglslotive session, To cempel reglsfnaiicn within centain Lime LimiZts.
Failuce to reglstor wikhin a sveciidled pesdicd of time should wesult Lin foa-
>y ,' - eyt £ ! N o e
jeiduse of the minewal estate Zo the sioie, in Lrusit fosr Lie Lecel Zoxiing
Alsthict,

i 7 ok . p T Al ‘. : P N
RECOMUENDATION:  Fon the purncse of elininating the Linegulty An the real prowesty

.

Zax Lams of Zhe stote which exempts severed minesal estates frem Zaxaticn except
wiere the propesnty has been diifled and a marketable mingwal reseave discevened,
Mimeseto Statutes 1971, Chawten 272, should be amended as provided Ln S.F.

2649 and H.F. 3766 o4 the 1971 negulan Legislative sessdon, Lo dnpese a mindnun
Lax on severed minerals. As An the cese ¢f proven mineral xescwes, facluse Lo

s

Zhe mineral esifote fo the

o
(e

pay Lhe prescnibed tax should sesuli in forfelfie
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APPENDIX 12.1 - SEVERED MINERAL (NTEREST BILL*

o~
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21

24
25
26
27

28

A bilY for an act

relating to mireralsy providing a tex on
certain mineral {interests ownedg
separately fron the surface; reauijring
the registraticn of minera! {nterests
owned separately frcem the surfacey
amending Mimnescta Stetutes 196G,
Chapter 272, by adding a section;
Sections 272.04; Subdivision 13 273,13,
by addi{ng a subcivision; 23,52,
Subdivision 25 93,5%, amd 93.58;
repealing Minmesota Statutes 1969,
Scctions 93,53, 93.54, 93,56, aend 93,57,

BE IT ENACYED BY THE LEGISLATURE OF THE STATE OF MINNESOTA:
Section 1. Minnesote Statutes 1969, Chapter 272, {s
amenced bQ adding a section to read:
[272,0368) [LEGISLATIVE FINDINGS AND CONCLUSTIOGNS RELATED
TO0 THE TAXATION OF MINERALS OWNED SEPARATELY FROM THE

SURFACE.) The legislature ¢incds, fopr the reasons stated

) U 0 .00 T AT S £ Y WA OBt A st . S g Ty € AT sy

below, that & class of reel property has been created uhich,

s i ean e P e feA s e B e

althoucoh not exerpt from Caxation; is not assessed for tax

s crvoon — Eee e @ e e O AT s € YL TS B BT E €5 £5 BTG 4 A T 103

purposes and does not, therefYore, coniribute enyihing toward

S Ao e s S e R G € £GP G0E T P

the cost of supporting the governrmrents which protect and

=

[N e €58 B ES D TS 5 EEE ETA T £ S S+ BT e O 83 G S DAL ML E s G €T € Mt s €A SRR

preserve the continued existence of the oroperty, These

o e s T Vomrm e o e eonnimseemn S P K53 (5T e 5 0 O €1 i W S I A S

reasons are as followst (1) In the case of Washburn v,

EDOLE MBS M AT A a0 EITT T I SN AT S TR 0 G- 1 AR 4507 SRS ©AT ) B B T VAN it A BT R AR £ ERT T T AT s S

Grecory,; 1034, 125 Hinn, 491, {47 W.W., 706, the Hinnesotes

L e P s

B e L

Supreme Court detersmined that where minmersal {nterestis are

it N it i B g VAT $ e ST AR ETre P RS G G1 KT S5 4 i IR 4D SRR X ST R B TR -G e

ovwned scparately from the surfoce {ntercets {n real cstatey

D i o Ty FW 3 e WD AT St CHAD: T conm

“the ninera! intercst {s a scoarate intercst {n lYand,

. D oot S R s FE T €AY M IO ST R B ST 40-67 S G £ e D (5. roa

separately taxable, and dces not forfeit {f the overlying

e p— e ez e e e s

surface {rtercst forfecits for nonpayment of taxes due om the

T e i e T e LRI €T AT S e

surface interesty (2) Since this $1¢14 decisfon, mineral

[Er—.

B mrkon P €3 DT B TTTIE K74 S S e VRS, G T B s oz

{nterests owned separately from the surfeace have been valued

e R it T Gy g o e s

dnd asscssod for tax purpcses, a8s a practicel mattery only

1B ST £ Rl CE1 T s FO0e T Y pevRvet, s g s e s

Introduced in Minnesota legislature 1971: S$.F., 2649: H.F. 3166
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1¢ ¢he value of the minerals has becn dcterwinod &wrouqh

Bmatin G BT S AT AN 4y T (N T A T SR

dri{ltirg and drill core analysis: and (3) The ebsence of any

P e s T SRS oy ST e o

taxation of mineral {nterests owned secarately from the

e BN T BT T SO L A7 BT e P TS R £ € U G ey PRATE )

surface, except where drilling ana%ysx {s avai{lable, has

P o e W v A it s ST ez -n

oncouraﬁod the separation of cwnership of surfe and

Oumane wD e EA LTy Cuin BT IR o0 G T o R CanT

mineral estates and resulted in the creatson of hundreds of

P esma—, i ey s € ¢ BAS s - P .

thousands of acres of untexed mineral estate lands which

o e e o e -

oons amzim

thus are inmupe from tax for%cwturea The Yegislature also

e, 3 Wi e Sk . T ALY S TR T T W LA G AT PR e .

finds thet the province of Ontario {n Caneda, which has land

B T e e G2 S

e e o

ownrership Ddtt rns and mineral characteristics similar to

P e acemme esas

that of Minnesotar has {mposed a tax of $,50 an acre oOR

Eors oy e

mincrals ovned qeparately from the surface s{nce {968, and

e W oo e . e

P s s

$.40 an acre before that, The \eo\ fature further finds

s LI 3 Y IS o> KPESTE S5 wis K7D P =

t)l"i the

\ﬂant\Y\cat\on of separately o»nod mxn a)

AR T TR PR T AT Lo T e L e B 43 4 e e 8 n T F A2 B T Sy (s iy & 2 e O e e

intcrests by texing authorities reauires title scarches

B £ B M KRR £ AT TS $ BT KD R LTS KT =

which are extremely hurdensome ands Where no public tract

r—. e L

{ndex {s available, prohibitively expensive, This result {s

T L B e e O TR TR $ T EEm A e SOOI X v ey cxa

coused in part by the decision in Wicxe\men v. Messner,

e it pan

1657, 250 Minn, 88, 83 N.&k, (2d) 800f where the so called

o = eomom o e ey e g o wT G ez

Moo year law' was held 1n~no)icublc to mineral "{nterests

o A Crene e sTasarma o=

e e e

owned separaotely from surface {nterests, On the basis of

protace ervecaren £azem e sermn

the above {imdinasy and for the ourpose of reauiring mineral

L L L ey P e

aen

intercsts owned separately from surfoce interests to

s e e

e e oo ome e vacs

contribute teo the cost of covernment at a time when other

T T s R SRS et BRI € T P . o

{rnterasts {n real property ore hesvily burdened with real

TS Vet B AR R A L £XCE EDd TP TR AT T o £ i B+ B - P,

proDQPfy taxesy; the leoislature concludes that the taxstion

P

everma o em -

of severed mineral {nterests as provided {n section 3 of

i, AR £ P e e LT i G S Mo WAL ey

this &sct is necessary and in the public {interest, and

ey e S a e e e

S are e e €
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provides fair taxstion of & class of real property which has

N P et T o1 e T ST s g T T TN S

e oot 7 470

escaped taxation for nany vears, The Yeaqislature furtherp

B o sa VRS P £ SR € St £ T SR i AL 2o e e £ 2t T M e A R i A 420 R

A wsm e

concludes that such a ta¥x s not prohibited by Mimncsota

PN nz s @B e o s, S s rmemn 60

Constitutions Article {8, The legislature conciudes finmally

e, Sy By o o e o

that the armendments and rcepeals macde by this act to

e CAr i A ey GO 15 TTw e e B

. e w0 e

Hinnesota Statutess Sccticns 93,52 to ©3,.58, are necessary

sz D e T PP o e o 0 #0TS e

to provide adeauate icentificotion of mineral {nterests

rcn T b S Bl IR KT Y T TS LTS W £ B e ez

owned separately from the surface and to prevent the

At G oo s N

continued escape from taxstion of obscure and fractionslized

e ey e e 22 o

severed mineral {nterests,

e e o e G

Seec, 2. HMinnesots Statutes 1969, Scction 272,04,

subdivision 1+ is amended to read:

272,04 [MINERAL, GAS, CQal, AND OIlL OWNED APART FROM
LAND; SPACE ABOVE ANMD BELOW SURFACE.] Subdivision {, Vhen
any mineral; oasy coal, oil; or other similar {nterests in
real estate are owned separately and apart from and
{ndependently of the rights and intercsts owned in the
surface of such real éstate, such m{ne%a\, gas; coals oil,
or other similar intercsts may be assessed and taxed
sepatately from such suprface rights and interests {n suqh

real estate 5 Including but not limited to the tsxaticn

T s ot $ AT RS G G 2rm¢ SR IR = 29 e

provided {n sccticn 3 of this sct, and may be sold for taxes

e e o Erome e i e e e

{n the same manner and with the seme effect as other

interests {n real estate are sold for taxes;
Sec, 3. Minnesota S;atutes {969, Section 273,13, is
amended by adding a subd{vision to read;

Subd, 2a, [CLASS i1b,} "Mi{rmeral {nterest®, for the

e o w oy o

puroose of this subdivisicn, reans sn interest {n any

e erwean ey g v [
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n{inersls; \hC]Udinq bu& not Yi{rited to aas; coal, of{tl, or

e coums B e € —ecm = on o meam

other similar interest in real estate, which {s owned

sty o BT SRS o T

seoarately and avpart from the fee title to the surfece of

B e B AT i RS En o Gt B BT, et

such real property, Mineral interests which are filccd for

TR

g . s r-tan o T

recerd in the offices ot efther the register of deeds or

B e o e A B, €SCTRT 3 g AT o o

registear of titles pursuant to Minmesote Statutes, Sections

s ey Ea T T PTG - s wman s 2813 by Frearveres T )

93,52 to 93.58:; constitute class $thy and shall be taxed as

e e @3 73 . err e e wE Gt

provided in this subdivision unless specifically excluded by

as ey P e e o et oy g =a e

this subdijvision, A tax of $,50 per acre or portion of on

ety BT hh s S s e ey O [EEv.

scre of mineral interest is hereby irpeosed and {s due and

Wy e S e KRS s TTTA G G GG £ 4 TR Ey s € FEN o acETs bom RERED G e & o= ==

pavyable anrnually, If an int erest filed pursuant to scctions

e ez —renas .- £ e E S w2

e N o R ittt

03,52 to 93,58 {s a fractional undivided {nterest {n an

arcsr the tax due con the interest per acre of portion of an

. st P ) o ces e st S

Fm B e e

scre {s eaual to the product cobteined by muj t\DYYNhQ the

ET4 AR £F Lii ST AT BERTTR PR OmT YA Com BTN LD G GRT 18 I ars e s e oo e mirgaes o taee ey G

fractiomal interest times £,50, corruted te the neorest

T e € 8 K R ES) € S (GRS G ST Gk G € SR & £2E G G we e

cent, HNo such tax is due and payable on the followinmg: (a)

e . 51 E e € M i Y TR T & =t peareass n aanan g D

Mineral interests valued ana taxed under other laws relating

e e e m eon s e 2y

T s € € 4 S s LS ESX4ST XS TSI Gt LT Fes <y

to the taxation of mi{merals, gass; coal; oil; or other

e

o € r et o DG = [ R

sim{lar {nterestsy (b)Y Mineral {rnterests which are exempt

EBATD T DY P DORTRTY CIFTRG FTA T BTN TR W B T gsmaemas s

‘from taxation oursuaent to constituti{onal opr related

A € SN e £ SAS KIM TP  ELT CAIT A B - zerona Gt

statutory prOV\S\Oh‘f (¢) Lets or parce\s which are less

N e o v Esamsn ears

tham two acres §{n srca. Tax roney recejved under this

Excm e o s

szd(vision shall be apporticned to the taxing districts

e oo Wz G o wsecan e

o vas

{ncluded in the area taxeo {n the same preporticn as the

e comae vex s s— 0 €6 LI VIS DT Sx AT SR ST § G TR O s s v

surface interest mill rate of a taxing district bears to the

o s pm s Tnema s o . - v ity

total mil) rate applicable to surface {nterests {in the areca

taxed, The tax irposed by this subdivision {s not {ncluded

T (s St SRS ST G

s BT T (AT T WY 1t 1 S S i

AT AR e KT €7 B3 RO £ s o

within any limitaticns a8s to rote or armount of taxes which

o r i rern et rorems e
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may be {mposed im an area to which the tax {mposed by this

s emiAoes a5 PR A Al A BT s Bt MT o ameae o

subdivision apolies, The tax {mposed by this suboi{vision

T S e, - e . e vy

shall nmot cause the arount ¥ cther taxes jevied or to be

s s 2% s e M i, WY B A -5 ot R PG CareiE s Ko Qb R 58 SN [ ey

levied §n the area; which ere subject to any such

oy e s e s> e e e

timitations; to be reduced {n any amount whetsoever, The tax

R A K3 0 At KIS (P L S e ) RO ) o8 T £ © ST -

imposed by this section {s effective for taxing vears

o mzna. ez oy 90 B> T e e

beginning Januapry {, 1973,

ez e euce e somn

Sec, 4, Minmnesota Statutes 1969, Section 93,52,

Subdivisi{on 2 {s smended to read:

Subd, 2. Excépt as provided inm subdi{vision 3; from and
after Janﬁary {y 1670+ every ownmer of s fee sinple {nterest
in minerals, hereafter referred to as a minera! {nterest: {n
lands in this state, which interest {s owned separetely from
the fec title to the surface of the property up&h or beneath
which the mineral {nterest exist¢s, shall file for record {n
the register of deeds office or; {¢ registered properlys {n

.

the registrar of {{ties office {im the county where the
mineral {nterest 1s located a veri{fied statement ci{ting
sect{oné 93,52 to 93958 and setting forth hi{s address, his
interest {n the mineralsy and efther (1) the legaiA
description of the property upon or beneeth which the
{nterest exists, or (2) the book and page number;, {n the
records of the register of deeds or registrar of ti{tles; of
the instrument by which the mineral {nterest {s created or
scauired, =Hyceymidtipaepaoegeibeptadscpnihe-orieppeoemidg
TYECe FHTP= 4T =t e P ol prghod b=te fituad homddd b pnguo f= oyt d doxd

G4 G @ retrh = g e g he b= go b e b bewdn fo reel b e Rmoa—ab e

POt ey
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Sece &, Minnesota Statutes 1869, Section 93,55, {s
amended to read:

93,55 [FAILURE TO FILE OR RE-FILE.) If the owner of a
mineral {ntercst fails to f{le the verificd staterent
required by section 93,52, before January i:»é%?@plﬁiic, a5
to eny. {nterests owned on or before=Geptenbeer=3sp=iiid
Decenber 31, 12Zi roor withinw@@mﬁﬁ?enizi vear after

acauiring such {ntepests as to {nterests acauired after

Seprerep=3dgr=t834 December 31, 1271, and not previously

T s

men morer 3w e

f{led under section 93,52 ;=or—if—the=enttrefatdgetoupeaiite

T poem ey wE aom wm

o Tt e e s edre e Al i b rd e APy o= poetae b bape Slreeaae &
fddtmgr the rineral ~moy=be=teaset=by—tRt—=coritaserapensd
e &GP G PO B G Ce 8§ S 9 BT Em G O E e =0 R RS b G e 0 Ce eGSOt o Y

EESF YR ER e Ea R R DRt e d=trepoeteee {nterest shkall

o

Y Spss PSR IPN C

forfelt to the state , =Tho=gpmerbe=faddbiromiondddoithe

P oty 40 e €3 wmy WIS R D

et gg et e nte by eduenredmeortent=ypethemsineeeba=such

Yeasiree= Thercafter the miners! {nterest ray be leased in

e ey e e G B G TS T TS § VST e

the same manncrk as provided in Minnesota Statutes, Section

P e £ VRS S, e 98 g PR 3T WA FECTTINSY SO €T3 B TS E LAY R ST £ DL AT ez

93,335, for the leasc of rinerals and mineral rights

sty ks 2 s Pt 4 By EIRY TR S KRS b L M0 CD 0 PO 0363 Q555 G 4 g U, 53 A ASTE

becoeming the atsolute vrorerty of the stete uncder the tox

e wurpe TRen ey e e § e TGS e ST0 ST R o

laws, evcent that po permit or lesse issued puprsuent to this

e SIS - et e S U s SR 5 L T £ G0t renme o o e azm P

sect{on shall offord the pern{ttee or lessee any of the

v e s £ o ny e

rights of condemnation provided in section 63,05, as to

B i R S Pt ST TR b S R O D (TGS G B S i ETHPER BT R e P ww eo e 12 e

overlying surface interests, After the mineral {nterast has

ST ST Gy e L A g G At ST BTSN A €E i W k) LR e

forfeited to the state pursuant to this secticm;, a person

e s e Tt o ey AT ETD D VTS S i £DR TR o

cleiming an ownershi{p {interest before the forfeiture ray

G ws oo e D e e ]

recover the falp rmarket value of the {nteresty only {n the

W sy Ctrte oz P wE R

o e e on - ey

following manner, An action rust be comrenced withi{n six

P e P T o . = S
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§ vears after the forfeiture under this section to detern{ne

s oo evmieny P renran rin. e 2T e ama

2  the ownershin and the fair narket value cf the mineral

e PR R Gt S S GO Crsr o

P

3 intercests in the orcperty both st the time cf forfeiture and

S e e T v rr e ke SR e R 4D TR e 53 - oe v

P e -

4 at the tirme of bringiroc the action, The actien shall be

BT P £ o P e $

5 brought {n the manner provides {n HMimresota Statutes,

N e

o . oz 23 e Emcomea

6 Chepter 55¢, for an action to determine adverse c\a( s, to

Gt s 8 L S A G P G TV Gy e Y MR €0 £ £ GO e €7 T G G0 e85 AR CP ¥R

7 the extent eeplicable, The person brirgina the acticn shall

e e 8 G LT S R T s G e s p S AT

8 serve notice of the action on the commnissioner of natural

L T

20 50 tre w0 mT

9 rpresources in the same mannmer as {s provided for service of

NP L

amn e enams e 2 e gz i e e o e

10 notﬁce of the action cn o defendant, The commfssioner may

e P o v o w8 o o wase

i{ appear and contest the a\]oqut{ons of cwnership and value {n

st D ST LA 5 e SN T S e e

e

{2 the sare rsnner &s a ceferndant {n such actions, Persons

m—ea T e =

13 determined by the court to be owners of the interests at the

s Cn T G L9t € g N EesaXD e

$4 t¢ime of forfeiture to the state under this section mav

e PN i o 5t AT B ST e e SR, R o

15 present to the state asudgitor a veri{fied c‘aim for refund of

T RN B2 AT I e AST 857 R GRS GIIREAE GRS G B R 64 M o omocon

16 the fair market value of the {nterest., A copy of the

foen eTE o e gz o & e s g TR S 238 TP s

17 courtte decree shall be sttached t@ the claim, Thereucon

e e etk oz e ey o e

18 the stote oucitor shall refund to the claimant the fair

L e e S e S e T T 68 A aa

19 market valuc at the tire of forfeiture or at the tire of

emon amrn 22 s Eem FEwg e D e e G o= P

20 bringing the action; whichever {s lessers less any taxes,

L L T e ] [ = e

24 penalties, costs; and interest which could have been

B e e £ SRR S ST (T FRD FSSEITI ST 47 T €0 PAr T £ fn S T s, s T ]

22 collected during the pericd followina the forfejture under

o P A PRy BTN £ TR A DT it ER v G e 33 €T

23 this secti{ony had the {nterest in mi{inersls been valuea and

. O e

s s e U Y i N

%5 AT €7 e S O ST (o AT

24 assessed for tax purposes af the time of forfeiture under

s s,

A URTTOS I S DT ARSI €SI W

25 this section, There is arpronriatead from the oeneral! fund

re .

P oy B s e s o P R e Lot

26 to the porscns entitled to a refunmd an arount sufficlient to

Sormmee e

) ranacs

e7 ay the refund. The forfeiture orovisicns of this section

v o s e e ten s £ it s ateme ey

28 do mot apsly to rmineral {nterecsts velued sno texed uncer

L o e
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cther Yaws relatina to the taxation of mirerals, cas, ccal,

Qe i, v £SO T WA Anrie DRSTR (4TI ML M SR AR o £t 5 e, e i T T B e R RSIRD T BT METEAA p e Ly

of{l; or other similar interests, so ltong as & tax {s {mrposed

S A i €t T MY D $ R T S o BT R T BT A £ 5 ek TR T 0m S i S e S g £

and no forfeiture under the tax laws {s complete, Howevorp,

T S o o P Rz £ AT GG Bl ) P S S A

{f the mipcral {nterest §s valued under other tax leaws, but

R et A R Sy SR S GRS BT S SRR b n o s -

no tax is {rpoesed, the minera) interest forfeits uncer this

A R b o S T SRR €y TR R S €T S € AN A TR G5 ] . = 2 exmen,

section §if not filed as reouired by this section,

N ey o Lo S T = st

Sec, 6. Minnecsots Statutes 1669, Section 93,58 {s

amended to read:

93,58 [PUBLICATION OF ACT,) Sections 93,52 to 93,58 ,

oo

sectians of this 1971 act, shall be published once during

the first week of each month in o legal newspaper in each
county in the months of October, Novembery; and December of
the year—t563 i?Zimby the cormissioner of natural resources
at county expense, Sections 63.52 to 93,58 also chall be
publiished by the commiss{omer of naturael resources st least
once in=t84% 1974 {n two publications related %o mining
activities which have nationwide circufatibna Fajlure to

publish as herein provided shell not affect the validity of

sections 93.62 to 93,58 or the other sections of this sct .

B e e e o S Gt == oz

Sec, 7. [REPEALER,] Minnesote Statutes (9569, Sections

tmes e e Ty

93,535 93.54, 93.56f and 93,57 are repealed,

F e T e e ovs e P o S E—




Environmental Concerns Associated with | -
Possible Future Base Metal Mining o | S | o - .
in-Minnesota | - | _ | | y

AIR POLLUTION WATER RESOURCES SOLID WASTE DISPOSAL LAND USE

/ ~ /Aj:propriacion § Work in the Surface and Surface end \ / Waste Rock \ / Location of \

Possible O 5 1 Ph Possible Order Alternative or Reversible and Noise and Use of Surface § Beds of Groundwater Groundwater Erosion § Overburden § Lean Ore Tailings Misc. Disposal Location of Slope Disposal Areas § Short Duration Thermal
ossible Operational Phases of Development Optional Steps Irreversible Impacts Particulates Vibrations Gases = Groundwater Public Waters Discharge  Fluctuations Runoff Sedimentation Material Material Disposal Brush, Slag etc, Facilities Subsidence Stability Water Reservoirs Land Use Pollution

1. Exploration

Airborne Geophysics )

Ground Surveys 2

.. Drilling & Sampling
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Detailed Drilling - 4

II. Development (through initial construction phases only)

' Underground Mine & Headframe

> >

Open Pit Mine

Beneficiation Plant

[
o
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Offices, Shops § Storage

Extraction Facility

Refinery
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Water Reservoir
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Waste Disposal

Overburden Stockpiles A R 3 2 N/A N/A N/A 2 -

Lean Ore Stockpiles

Rock Stockpiles 7 N/A N/A R/A -

Tailings Basins

Slag Disposal
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o
|
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. _Elemental Sulfur Disposal N

IIT. Operational Phase

A. Mining
1. Underground 6 A R N 2 2 - 1 1 1
2. Open Pit % 3

[
o
-
[
.
[

B, Beneficiation
1. Milling

onfon
|
|

2. Concentrating

C. Extraction
1. Pyrometallurgical

2. Hydrometallurgical

Refinery

o oo ~a|~a

o|o|>> of

3=1=1
N
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ater Reservoir \
Waste Disposal "
1. Overburden Stockpiles

Lean Ore Stockpiles

-

Rock_Stockpiles

Tailings. Basins
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. Slag Disposal -
. Elemental Sulfur Disposal

dd

IV. Termination

A. Removal of Facilities

-

B, Stabilization of Slopes, Basins, etc.

oo fo
=lm|=
wfw
w
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C. Contouting § Revegetation

V. Ancillary Operations S

A. Transportation : - | I }
1. Railroad i

2. Highway

3. \Water

" Fuel Supply Facilities

ol 9 =4 0| >
~l
N

B

C. Communication

0. Townsites (Existing) Impact on Public Facilities
(Water, Sewer, Solid Waste, School, Police § Fire)

bo

E. Suppliers § Associated Industries
1. General 5-6

2. Limestone 7 0

3. _Sand § Gravel 7

|
0| —{ | 0
N
N

Power Plant 7-8 0

EXPLANATION

S. Somewhat mineral resource oriented

1. Major Consideration Required s
A. Alternative Steps I. Irreversible Impacts 2. Important Considerations * Health and safety of the miner M. Mineral resource oriented
0. Optional Steps R. Reversible Impacts 3. Minor Considerations R/A Not applicable N. Non-resource oriented
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