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SUMMARY

This report has been prepared at the request of the Governor. It's
preparation was stimulated Dby mining industry interest in leasing
approximately 400,000 acres of state-owned lands in the Upper Peninsula for
base metal exploration and potential mining development. Uranium was one of
the metals of interest. Uranium, with its property of radioactivity, has been
a socially controversial element or, more accurately, the use of uranium in
the nuclear power industry and in the military have been controversial. Thus,
when the DNR held public hearings in July of 1980 to receive comments on a
proposed metallic lease, two issues were identified. One dealt with the
adequacy of the proposed lease and the second with the propriety of leasing
state land for uranium exploration and development.

Citizens were concerned with the environmental and health hazards
associated with uranium exploration, mining and milling. Uranium mining had
never occurred in Michigan, but they had read or heard of the environmental
and public health problems with existing uranium projects in Canada and the
western United States. They were worried about the potential development of
uranium mining in the Upper Peninsula. Specifically, they gquestioned the
adequacy of existing public health and environmental statutes with respect to
uranium exploration and mining and the ability of federal and state agencies
to adeguately monitor specific mining activities, obtain compliance with
permit conditions and pursue enforcement and corrective action, when
necessary, in a timely manner.

These concerns were expressed to the Governor and in August of 1980 the
Governor directed the departments of Natural Resources and Public Health to
study the potential environmental and human health risks associated with
uranium exploration and mining as well as review the existing regulatory
framework under which uranium mining would be carried out in Michigan. A hold
was also placed on the leasing of any state land for uranium exploration and
development pending the completion of the report.

In addition to public health and environment issues associated with
uranium exploration and development, there were positions of complete
opposition to uranium exploration, mining and milling in the Upper Peninsula
on moral, philosophical and religious grounds. It was submitted that the
development of wuranium mining would aid in the proliferation of nuclear
weapons and 1in the development of nuclear power. These were opined as immoral
activities and the state, by entering into leases for uranium, would be acting
immorally. This report does not address the social and ethical guestion to
the uranium conbroversy.

This report dues audress two issues. 1) A review of the potential
environmental and human healtn impacts relating to uranium exploration, mining
ano milling. 2) A review of the existing federal anc state law in place to
regulate uranium exploration, mining and milling.

It is necessary to point out that this report is prospective in nature.
Uranium exploration activities currently underway in Michigan are at an early
stage ot mineral exploration. There are no uranium mines in the state. No
state-owned lands are under lease. We view this report as a gquide to aid in
framing the issues and identifying the existing requlatory controls on uranium
mining.

iii



MAJOR OsSERVATIONS

A. Health Effects

1.

The health effecls of ionizing radiation are divided into acute
radiation effects which occur at whole body exposure of 50 rems or
more and subacute effects which occur at less than 50 rems. There
are also delayed somatic effects which are not expressed for several
months or years after the initial exposure and are observed as
leukemogenic, carcinogenic or mulagenic changes.

Acute radiation effects have been docunented from studies of
laboratory animals and epidemilogical studies of humans. Human
exposure data has been obtained by studying the survivors of nuclear
explosions and nuclear weapon testing as well as individuals
receiving medical radiation therapy.

The health effects of humans exposed to low levels of ionizing
radiation (less than 1 rem) is not as completely understood as the

health effects of humans exposed to high levels (greater than 50
Tems) .

The health effects of lonizing radiation are known to be dose
dependent, bul at low levels of exposure (dose) there is scientific
debate on the exdct cause-eftfect (dose-response) relationship and at
which point exposure has no further biological effect.

For purposes of setting radiation standards to protect the general
public and occupational workers, international, national and state
scientific  advisory boards and regulatory agencies take g
conservative approach and assume for the purposes of risk assessment
there is no threshold limit for low levels of ionizing radiation and

that fraction of individuals affected would be proportional to the
dose down to zero.

Radiation standards are developed to cover occupaticnal workers and
the general public and the basic goal of the standards is to set the
maximum permissible dose as the highest dose of ionizing radiation
that 1is not expected to cause appreciable bodily injury to a person
at any time during his or her lifetime.

Naturally occurring or background levels of ionizing radiation in the

United Stats and in Michigan is approximately 100 mrems/year (0.10
rems).

The recommended average annual exposure standard for the general
public established by the National Council on Radiation Protection
and Measurement is 170 mrems/year.

The federal government has established a radiation exposure limit on
uranium fuel cycle facilities including uranium mining, milling, fuel
fabrication, power plants and waste disposal. Under this radiation
standard, the gereral public is not to receive more than 2%
mrems/year exposure.

iv

10.

11.

12.

1.

In the United States there are approximately 311,000 naturally
occurring cancer deaths per year. The lifetime risk of cancer death
for a population exposed to 100 mrem (average U. S. bacgground
radiation level) is 0.9 to 4.8 deaths per 100,000 deaths in the
population.

Epidemiological studies of uranium miners indicate the imcidgnce of
lung cancer is greater than expected for the general population and
is estimated to be 13 cases per one million workers per year.

There is an occupational exposure risk associated_with working in a
uranium mine and mill. Under present standards w1§h 5,000 rem/year
maximum worker exposure limit, 4.5 to 24 deaths in 10,000 deaths
would be expected to occur as a result of occupational exposure to
radiation.

Uranium Exploration

Uranium exploration in the Upper Peninsula over thg pqst 30 years has
centered in eight counties (Baraga, Chippewa, Dickinson, Gogebic,
Iron, Marguette, Menominee and Ontonagon). To daﬁe, surface gnd
subsurface drill hole exploration has not resulted in a commercial
uranium deposit and results indicate the wuranium occurrences are
small localized with uranium concentrations of less than 1.0 percent.

The majority of the world's known uranium reserves are in Precambrian
rocks. The Precambrian age rocks of the Upper Peninsula pre§ents a
similar geologic enviromment and it is assumed that the.potentlal for
economic uranium deposits exist in Michigan. However, 1n.most plages
the Precambrian rock is under a deep cover of glacial drift material
which increases the difficulty for exploration and mine development.

Uranium exploration drilling on public and private land is subjeot’to
regulatory control of local units of government (county, township,
municipal) through the power of zoning established by the County
Rural Zoning Enaoling Act (P.A. 183 of 1943).

Uranium exploration drilling on public and private land is subject to
regulatory control in Michigan through the Mineral Wells Act (P.A.
315 of 1969).

There is a provision in the Michigan Wells Act which exempts'a test
well driller from the necessity of obtaining a permmit prior to
drilling test wells 1in areas with Precambr}an rock directly
underlying wunconsolidated surface deposits. Since the areas .of
interest to wuranium companies in the Upper Peninsula primarily
include Precambrian rock with unconsolidated surface formations, a
permit is not required.

C. Uranium Mining, Milling and Reclamation

1.

Even if an wuranium ore body is discovered in 1982, whether on ppivate
or public land, a uranium mine will not start up’immegigtely in Fhe
Upper Peninsula. The decision to initiate a uranium mining operation
is dependent on economic as well as geologic factors. The Federal

\



10.

Trade Commission studied the economic structure qf uranium iqdustry
and concluded it takes 8 to 12 years from initial exploratlpn to
commencement of mining as representative of the average time period.

At the local level, uranium mining and milling is subject to local
zoning authority under the County Rural Zoning Enabling Act (P.A. 183
of 1943).

At the state level, uranium mining and milling is subject to state
control under Part 135 of the Public Health Code (P.A. %8 of 1978),
but this is limited to the mine wastes and uranium ores and does not
include the uranium product (yellowcake) or the uranium mill tailings
which are regulated by the federal government.

At the state level, radioactive air and water pollutants from uranium
mines and mills are subject to regulation under tihe Public Health
Code (P.A. 368 of 1978) to insure that the off-site concentrations do
not exceed state exposure limits.

At the state level, non-radiocactive air and water pollutants released
into the atmosphere, surface or groundwaters of the state from a
uranium mine and mill is subject to the state Air Pollution Act (P.A.
348 of 1965) and Water Resources Commission Act (P.A. 245 of 1929).

At the state level, radicactive mill tailings are specifically
excluded from regulation under the Hazardous Waste Management Act
(P.A. 64 of 1979), but non-radioactive solvents and certain chemicals
may fall under regulation of this Act.

At the state level, mine reclamation is subject to the Mine
Rgclamation Act (P.A. 92 of 1970, as amended) for only open pit
mines. Shaft mines are exempt from regulation under this Act.

At the federal level, uranium mining and milling is supject to the
Atomic Energy Act of 1954, the Resource Conservation and Recovery Act
of 1976 and the Uranium Mill Tailings Radiation Control Act of 1978.
Uranium mines and mills must receive a federal license prior to
mining and milling.

At the federal level, exposure of miners to radiocactive contaminants
from uranium mining and milling is subject to the federal Mine Safety
and Health Act of 1977.

At the federal level, mine reclamation is subject primarily to the
Uranium Mill Tailings Radiation Control Act of 1978.
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CONCLUSIONS

A.

Uranium Exploration

1.

The Mineral wells Act provides a sufficient basis to regulate uranium
exploration drilling and promulgation of additional legislation is
not necessary.

If uranium exploration permits are written to insure proper site
preparation, mud and drilling pit construction, casing of the drill
hole, cementing of the bole upon completion of data collection and
sufficient soil coverage of mud pits and site restoration, the
radiological and environmental impacts will not pose a health rtisk to
the general public.

The exemption for obtaining a permit in areas of Precambrian rock
with unconsolidated surface formations should be reviewed in light of
uranium exploration. It does not provide for the prior review of a
specific drilling plan nor allow for the inclusion of specific
safeguards in a permit. The driller is under nu obligation to
identify the proposed well location or disclose his drilling,
cementing or abandonment procedures for up to two years after
drilling the hole. Thus, it is difficult for the regulatory agency
to know the location, inspect the well site and operations carried
out to determine if they are sufficient to prevent surface or
underground waste.

In light of the public concern over uranium exploration, it would be
proper for the health and welfare of the general public to require
submission of permit applicaticns for wuranium exploration in the
Precambrian rocks. It would appear that the statute gives the
supervisor the power to set aside the existing permit exemption
through the execution of a special order to control pollution or
eliminate a hazardous condition. It appears a public hearing before
the supervisor and the mineral well advisory board is required to
take evidence on the need for the exemption.

Notwilhstanding the conclusion thal uranium exploration does not pose
a slgnificant health hazard to the general public, it is recognized
that individual members of the public will remain unconvinced or
skeptical. If uranium exploration is going to continue to be
permitted and not prohibitea by legislative action, it is recommended
that the uranium mining companies improve their public relations with
local government officials, landowners and general public. It is our
opinion that attempts by companies to conduct their activities in a
secretive manner will only contribute to the fear and suspicions of
the puplic. An open and public exchange of gquestions and answers
will aid in seeking a resolution.

The moratorium on leasing of state owned mineral rights for uranium
exploration in the Upper Peninsula should be lifted.

Local wunits of government should review existing zoning ordinances
and develop appropriate land use plans and ordinances for uranium as
well as other metallic mineral exploration.

vii



Uranium, Mining, Milling and Reclamation:

1.

4.

The ability to eliminate or minimize adverse public health and
environmental impacts of wuranium mining is keyed fto three factors:
the existence of sufficiently stringent regulatory laws, the ability
of local state and federal agencies to effectively administer those
laws and conscientious self-monitoring by the uranium industry.

Presently, there is a regulatory framework in existence and uranium
mining in Michigan woula be subject to the reguirements contained in
these statutes. There are at least four federal, six state and one
local statute which apply to one or more aspects of uranium
exploration, mining, milling and reclamation.

There is not within the existing regulatory framework in Michigan a
statute that addresses uranium mining in a comprehensive manner or
any other metallic mineral mining.

In the case of wuranium, the tederal governmenl has enacled the
Uranium Mill Tailings Radiation Control Act of 1978 that incorporates
a comprehensive review of uranium mining, milling and reclamation.

with respect to uranium mining, the GCovernor and Legislature have
four options available either individually or in combination to
regulate it.

a. Maintain the status quo and use existing federal and state
statutory framework to regulate uranium mining.

b. Obtain federal delegation from the Nuclear Regulatory Commission
for administration of Uranium Mill Tailings Radiation Control
Act of 1978 as an agreement state.

cC. legislatively enact a comprehensive mining statute for Michigan
to cover uranium mining as well as other metallic mineral mining.

d. kstablish a formal Board of Inguiry to review site-specific
uranium mining proposals and make findings and recommendations
to the Governor on approving or restraining specific wuranium
mining projects. (This should be designed along the lines of
inquiries conducted in Australia and Canada).

The implementation of agreement for state delegation for the
administration of the Uranium Mill Tailings Radiation Control Act of
1978 from the Nuclear Regulatory Commission or the enactment of a
state metallic mineral mining statute will require several years
effort.

viii

10.

Until there is an indication of a commercially feasible uranium
discovery and project proposal, the state need not initiate extension
manpower or financial appropriations to implement the options
identified in B-5. In light of the observation that a long lead time
is necessary (4-6 years) in developing a uranium mining operation
once an ore body is discovered, there would be sufficient time to
provide for an orderly and open public review and legislative action
relative to uranium mining, milling and reclamation.

The state need not become a federal agreement state now. There is an
existing state and federal regulatory framework in place. A final
determination on agreement status should be undertaken if uranium
exploration indicates the development of an uranium mine is highly
likely rather than a remote possibility.

Local units of governments could review existing zoning ordinances
and consider appropriate zoning regulations for wuranium mining and
reclamation.

This report does not address the social and ethical guestion to the
uranium controversy. While the matters of a factual nature in this
dispute can Dbe elucidated and resolved through scientific and
engineering studies, the social and ethical values in dispute do not
reside solely with the scientific and engineering community and
administrative bodies. These are matters whose resolution lies
within the political forum.

ix
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Lo INTRUDUCT ION - FRUPUSED METALLIC MINERAL LEASE

In 1980, the Uepartment of Natural Resources (DNK) held

two public hearings
in Marquette and Lansing, Michigan, on duly 17 and 24,

respectively to receive
public and industry comment on a proposed metallic mineral lease.

hearings attracted approximately 300 pecple at Marguett
people at Lansing. The mgjority of those in attendan
comments at Marguette were residents of the local communities, property
OWNer's, county and state elected officials. Out of the 64 speakers, there were
only four industry representatives. The hearing in Lansing was attended
primarily by industry répresentatives with 10 of 12 speakers representing
industry's viewpoints. The public hearings very clearly identified two issues:

=

1. A significant difference of opinion existed betw
industry and general public on the need for and the h
with uranium exploration, mining and milling

een the mining
azards associated
in the Upper Peninsula.

2. The mining industry and majority of the general public did not fing
the proposed lease instrument acceptable for adoption.

The stimulus for drafting the pProposed lease was an unprecedented number
of mining industry requests to lease state owned mineral rights for metallic
mineral exploration and development in the Upper Peninsula. The applications
were received by the department from 1975 through 1980, However, they did not
come in at a uniform rate. The first applications, received in 1975, totalled
only 17,361 acres. Then, in a six month period (January-June 1976) additional
applications brought the total number of acres to 268,000. By the end of 1975
that total reached 460,000 acres. Since January of 1977, however, some
applications have been withdrawn. As of June, 1980, pending applications
total 390,599 acres. The DNR had never received such g large number of
requests nor had as Many acres nominated for metallic mineral leases.

In fact, mining industry interest in state lands in the Upper Peninsula in

the last 40 years has been relatively 1low. ARlthough the state owns

approximately two million (19%) of the 10.5 million acres in the Upper

Peninsula, the DNR, as administrator of state owned mineral rights, had leased
only 87,659 acres for metallic mineral exploration and development, including
leases for iron, copper and uranium, At the time most of these inquiries were

submitted (1975 tg 1977), about 3,900 acres were under lease for copper, iron
and other metallic minerals.

P only a single mineral. Industry
» such as copper or iron.
allic minerals within g

These industry applications were also significant not oni

reguested, but alsg because of tr i i

i the target mineral. Historically, there
i Of the 141 mineral

ium exploration and development (Table 1).

_*—'

i tment of Natural
ineral leases 1issued by the Depar
rable L ge§§ﬂ¥E:?/f§g5 qg}??to 1976, the acres leases and under lease as of

December 31, 1979

Acres Under

Leases Leases Acres I
e Zf Eiiiiity Granted Active Leased Lease (12-31-79)
Leas
| 200
Iron 1944-1967 73 é 3%,??? o
Uranium 1948-1962 }l 2 11’306 —
Copper 1953-1972 26 3 41’556 22
Metallics 1965-1973 31 g

issued between 1948 and 1962. Uranium dlspoverlei wfﬁ:ﬁgifltigé
Thgsg werg lopment occured and all the leases explreq. pg : té the
Craniun . mining i%dustry shifted its efforts in the L{nlted( 5198608'85 o the
ugigéﬁg 2%2%22 where uranium exploration in the 1950's and
W s

commercial mining development.

i i i sin
ium-thorium.  Other applican - € 4in
Stat? .lancgtggé £22122 to explore for minerals oﬁher than Uﬁé?i;?imﬁnCl#heig
a"xml]i‘mglead zinc, manganese, gold, copper, iron and tte, Tron. Baraga,
Olgkieét centers on state mineral ownersﬁip 3;8 ;§3m§§;es’of on, _Daraga,
10Le i i t of the y : -
icki minee counties. Ou : > th the
Dle%nsonZ;§F9ggm20res (98.6%) are located in these fléetfizgégiz Z;unties
le;z;ggér (5,577 acres) located in Chippewa, Gogebic and On
re| ’

(Table 2 and Figure 1).

ini i for
2 State mineral ownership (acres) requested by mining industry
fable 2 leasing in the Upper Peninsula as of June,.l980.

Mineral Only
Number of Fee ] )
County Townships Ownership Ownership Total
39,532 130,539
23 91,007 , 0
e 8 91,190 14,741 105,931
o 19 38,937 38,346 58’188
érog a 17 40, 305 17,883 13,041
Mgioginee 5 11,003 2,032 ;2,405
i 3 2,405 ’637
CthE?WB 5 0 2,637 2,5)5
torn 540 4
Ontonagon 2 Q
82 274,847 115,712 390, 559
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A. PUBLIC RESPUNSE TU PRUPOSED LEASE

A central question surfaced as a result of inoustrial and environmental
organizations comments at the public hearings: Is a lease solely an economic
instrument or can it include environmental provisions as well?  Industry
averred that the lease shoula be solely an economic document between the
parties. [t shoula not include environmental protection provisions whose
inclusion is redundant, since federal and state environmental and public
health legislation exists to provide environmental protection and assure
worker safety. They pointed out that any metallic mineral exploration and
mining, whether conducted under state, federal or private mineral leases, must
be done in compliance with all applicable tederal, state and local statutes
and rules. Auditionally, they noted that a number of environmental permits
will be required in any mining development, and that each has a specific
permit review process with provision for public inmput anc review prior to a
federal or state agency decision to approve or deny the permit. They also
point out that often an environmental impact assessment (EIA) or
environmental impact statement (EIS) is required by law.

For example, at the federal level, the National Environmental Policy act
of 1970 places a duty on federal agencies, including the Environmental
Protection Agency (EPA) and the Nuclear Regulatory Agency (NRC) to consider
the overall environmental impact of a project requiring a construction and/or
operating permit under specific federal statutes administered by these
agencies. Correspondingly, at the state level, under the provisions of the
Michigan Environmental Protection Act of 1970 (MEPA) state regulstory agencies
have a duty, in weighing the merits of issuing or denying a permit under
specific legislation, to consider the environmental and health impacts beyond
the narrower limits of each permit application. That is, an agency must read
the specitic statute in concert with the MEPA in arriving at a decision.

Further, since 1974, under the direction of the Governor's Executive Order
1974~4 creating the Michigan Environmental Review Hoard, the state agencies in
carrying out their own projects or granting approval to projects proposed by
the private sector must consicer the overall environmental impact. They can,
at their agiscretion, declare a project to be a major state action and require
the preparation of an environmental impact statement by the project's sponsors
as part of the permit review. And, as a check against an agency acting
arbitrarily in its decision to declare a project a major or minor state
action, the Michigan Environmental Review Board can, in the presence of
substantial punlic controversy, petition the Governor to direct the agency to
declare the project a major state action and prepare a environmental impact
statement. And, to ensure public review all major actions must be submitted
to the MERB for its review prior to the issuance of any state permits
associated with the project. Thus, inaustry opelieves there is a sufficient
regulatory framework in place to address site specific environmental issues
and to provide for public input.

while the public and environmental representatives did not comment
directly on the relationship between the proposed lease and the existing
environmental-punlic health regulatory framework in place at the federal and
state level, they ocid share with industry representatives a fear of
uncertainty over future mining activities for the life of any metallic mineral
leases entered intu by the state. While there is no factual dispute over the
existence of environmental and puolic health statutes in place, there 1is
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disayreement Dbetween industry and environmentallists ovc; the degyee of
protection provided. The environmental comneﬁ?s express Foncern in  two
areas; ftirst, in the adeguacy of standaros 0un§alpeg in the statues ~and
second, in the apility of the federal ana state agencies to_adequatgly monitor
specific mining activities, obtain compliance with permit conditions and
pursue enforcement in o Lluely manner.

since envitonmental legislation, like all legislation, is turged in the
political arena, it 1is subject tu future amendatory action. Concern was
expressed that environmental controls incorporatea to gate in regard to mining
are not lost at some time in the future. Thus, the commenting
environmentalists view it desiraple to incluce certain environmental
provisions as part of the state metallic mineral leases. Thus, one of the two
major concerns expressed at the public hearings focuses on the inclusion or
exclusion of environmental protection clauses in the proposed state leases.

5. Public Response to Inclusion of Uranium in Proposed lLease

However, equally predominant, it not the main concern of general citizen
and environmental speakers, was the propriety ot allowing uranium exploration,
mining and milling in the upper peninsula under any conditions. Speakers in
favor of and in opposition to the granting of state mineral leases for uranium
stated their position with emotion. It was clear to the DNR representatives
conducting the hearing that polarization was evident and achieving a mutually
acceptable solution to all parties would be, to say the least, difficult. As
the proposed lease was drafted, it granted the Tight to the Lessee to explore
and develop any uranium or thorium discovered in or upon the leased land.
Those opposed to uranium exploration and mining expressed the view that the
state shoula not include radicactive elements in any state metallic mineral
leases. Specifically, they expressed the following concerns:

1. It was submitted that development of uranium mining in
the Upper Peninsula would aid in the proliferation of
nuclear weapons. It was further stated that Michigan by
consenting to uranium exploration and mining would be, if
not airectly, at least tacitly approving the expansion of
the global nuclear amms race. It was also opined that
warfare 1is immoral ang the state, by allowing wuranium
exploration and mining, would be acting immorally.

2. It was submittea that the development of uranium
mining would aig in the development of the nuclear power
industry. A Dbelief was stated that nucleat power
generation involves substantial public risk due to the
possibility of accidental releases of radioactivity and the
generation of high level radicactive wastes. It was also
feared that expansion of the nuclear power industry
involves lincreased risk of nuclear war as a result of the
availability of plutonium produced in reactors for use in
the production of atomioc explosives. It was expressed
that the risk of nuclear sabotage and theft by terrorists
and criminal groups would be enhanced through uranium
mining development.

s

3. It was submitted that the exploration for uranium
would release radon gas to the atmosphere in the process of
coring anu grilling when an uranium ore bearing formation
was  encountered, The concern was  expressed that
"interrupting the Iintegrity"™ of the eartnh's crust would
increase the possiplity of uranium and randon contamination
of groundwater and drinking supplies. Thus, the explor-
ation activity would pose a health risk to workers,
visitors to areas of exploration drilling and residents on
adjoining property.

4, It was submitted that past monitoring of exploration
core holes by the state on private ana state land had been
inadequate to protect the public health.

5. It was supmitted that the past disposal of low and
nigh level uranium tailings by industry had createag public
health hazards and environmental contamination in  the
western United States ana Canada. It was also expressed
that containment of uranium tallings required isolation for
decades and even centuries due to the long halt life of the
ragioactive waste. There was concern that the funding and
regulatory monitoring of  the  tailings  containment
structures woula be inadeguate to ensure integrity of the
containment site and prevent alr, surface and groundwater
contamination.

6. It was submitted that the intrusion of uranium mining
(ingustrial development) in the Upper Peninsula was
incompatible with the recreational, wildlife and forestry
values of the area.

7. It was submitted that the economic benefits in direct
employment, secondary employment, taxes and rpyalty revenue
generated by uranium mining would not outweigh the social
and environmental losses.

8. It was submitted that radon poses the principal
radiation hazard in wuranium mining and, in the past,
workers have experienced health problems and death as a
result of exposure to radon in the process of mining and
milling the ore.

9. In light of recent discoveries of contamination' of
soil, yround ang surface water in Michlgan (Hooker Chem%cal
Company, Muskegon County) and elsewhere in the United
States (lLove Canal, New York), it was submitted that little
trust existed in the mind of the public that governmental
regulatory boules can or will effectively monitor granium
mining projects to protect the public health and envionment
from radiation hazards.

10. It was also submittecg that the public wanted absolute
assurance that an accident would not occur during or after
the completion of wuranium mining that woula lead to
exposure of public and envionment to a radiation hazard.



In addition to the positicns expressed against leasing of public land for
uranium mining, a review of the hearing tapes reveals six distinct positions
relative to uranium exploration and mining on either public or private land in
the Upper Peninsula:

1. There were positions of absolute opposition to uranium
exploration, mining anu milling in the Upper Peninsula
under any condilicn on moral, philosophical and religious

yrounds .

2. .There was @ position of conditional opposition to
uranium exploration, mining and milling due to past
industrial and governmental errors that led to radiation
exposure of workers, general public and environmental
contamination.

3: _ There was position of support for uranium exploration,
mining and milling in the Upper Peninsula based on the
improved governmental safety and environmental regulations
and 1mproved industrial awareness, which should greatly
rgdgce or eliminate the likelihood of repeating the uranium
mining errors noted in the 1950's and 1960's.

4, There was a position neither in opposition nor in
§uppqrt of uranium exploration and mining at this time, but
in llght_of the past and present envirommental and public
hea@tn. impacts, these individuals were interested in
reviewlng more cata before taking a position. They favored
a careful, thoughtful public review prior to any decision.

5. The;e was a position in opposition to uranium
explo?atlon and mining, but not opposition to the state
entering leases for nonradicactive metallic minerals.

6. There was a position in opposition to
entering any leases for any type of mining.

the state

As a result of the DNR public hearings and the correspondi
Coverage, knowledgg of the potential for uran?um exploration andpdeSeygpeg:xi
in the Uppgr Penlnsu;a became more widely known. More citizens became
concerned. w1th. possible public health and environmental impacts associated
with uranium mining. They spoke and wrote to their elected officials at the
local, state and federal level in late July and August, 1980. They commented
that they were unaware of the potential prior to the hearings. Uranium mining
had NEver occurred in Michigan, oput they had read or heard of environmental
and publlc.health problems with existing uranium projects in Canada and the
wgstern‘Unltgd States. There were conftused and worried about the development
of uranium mining in the Upper Peninsula.

Fur?her, four local units of government in the Upper i
rgsqlutlons opposing the leasing é% state lang for u?gnhﬂfegigfgigtﬁﬁ?pgig
mining (Table 3). They requested immediate suspension of all negotiations on
the lease uptil open public hearings are held in each county and also sought
the cessation of uranium exploration on private and public lanag by all

r

companies and individuals. They received support from the Charlevoix county
Board of Cumnissioners in the Lower Peninsula.

Table 3. Local wunits of government that adopted resolutions indicating
opposition to the leasing of state land for uranium exploration and

mining.

tocal unit of government Date of Resolution

August 12, 1980
August 13, 1980
August 13, 1980
August 14, 1980
October 14, 1980

Delta County Board of Commissioners
Township of Bates - Iron County
Charlevoix County Board of Commissioners
Township of Portage - Houghton County
Baraga County Board of Commissioners

Not all local units of government voiced formal opposition to uranium
leasing. Marquette, Dickinson, Iron and Menominee counties (four of the five
counties with state land of interest to mining companies) did not, to the
state's knowledge, take a formal position. Also, the state is not aware of
any formal position taken by other township boards within the eight counties
of interest {Table 2).

In addition to units of government, the Marguette Area Chamber of Commerce
(July 15, 1980) and the Ishpeming Chamber of Commerce went on record in
support of mineral leasing by the state and expressed concern over the lease
as ugrafted. It is their position that the lease as written was a disinecentive
to mineral development rather than an incentive. They encouraged resumption
of negotiations to develop an acceptable lease. Also, the Michigan State
Champer of Commerce, by resolution of its Board of Directors (October 28,
1980), supported the leasing of state owned minerals in 1981 immediately
following the release of the repcort to the Governor. The Chamber also
supported the inclusion of wuranium in the lease while the Upper Peninsula
tnvironmental Coalition (UPEC) adopted a resclution in November of 1980 to

oppose  exploration and mining for radicactive materials in  the Upper
Peninsula.  This resolution contains the following nine reasons for their
gpposition.

1, It is an established fact that ionizing radiation is
harmful to living tissues.

Z. while dangers associated with exploration appear to pe
minimal, little systematically collected data on radiation
levels at drilling sites have been gathered to confirm this
theoretical assumption.

3. Likewise, no  systematically gathered background
radiation data exist for present conditions in the Upper
Peninsula with which to make comparisons.
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4, Without a defined policy, particularly on private
landgs, there appears to be little citizen control over
whether radioactive materials, it discovered in commercial
quantities, are mined and processed.

S. With regard to mining, Lhe record of courporations ang
government rtegulatory agencies in controlling radicvective
tailings in Ontario and New Mexico has been puor, resulting
in environmental damage and human iliness.

6. There has been practically no experience with uranium
mining under the soil and moisture conditions existing in
the Upper Peninsula.

7. The economic benefit for resicents of the Upper

Peninsula do not appear to offset the potential health and
environmental risks involved,

8. The use of uranium for electrical  generation
represents a continued philosphy of dependence upon
non-renewable sources and detracts from necessary efforts
to cevelop renewable Energy sources.

9. Mining  and concentrating radioactive  materials
contribute to a growing unresolves gloval problem of
radioactive waste disposal.

C. Governor's Response To Public Concern

On August 14, 1980, Governor Milliken, in a news reiease, directed the
departments of Public Health and Natural Resources tu study the potential
environmental and human health risks associated with uranium exploration and
mining. Although each department had some expertise ana Knowledge ot the
properties and effects of radicactive elements, neither had direct
administrative experience with uranium mining. Due to the absence of uranium
mining in Michigan, it had not been necessary to establish g regulatory
program. However, it was recognized that the questiuns rtaised at the public
hearings required an answer. In order to assure citizens in the Upper
Peninsula that state lands would not be leased prior to completion of the

study, the Governor directed that state lands not be leased for wuranium
mineral rights.

In addition, the Natural Resources Commission in ARugust of 1980, in
responding to objections over the language in the proposed metallic mineral
lease, directed staff to enter once more into negotiations with the mining
industry to seek a mutually acceptable metallic mineral lease instrument. The
meetings should include representatives from environmental interests who had
expressed concern over the proposed lease as well. These rnegotiations were to
be conducted while this study was being prepared.

U. bcope UF The Report
It is within this controversial framework that this report enters. The

likelihood of this report resclving the issues at hand is remote. The
resolution of the uranium controversy is clearly in the political arena. The
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i isi ~isions involve the weighing of factual, social and
decision or decisiong involve ghing 8 L 1 g
u%ﬁigzieissues Perhaps this 1is Dbest expressed by the Ag?trglLan Commission
gf Inquiry in 1977 in 1its Ranger Uranium Environmental anulry_Repﬂft (1).
The three-memper Commission, appointed by the Prime Minister, noted that:

"yltimately, when the matters of f@cﬁ §§§ r?$9£y§diwginy gg
the guestions which arise are soclal agowethf%di)gna»; !
agree strongly with the view, repeﬁﬁeaLy put fkoff?;ien{
opponents of nuclear development, thabj g¢genfa ?ﬁfwf il
ungerstanding of the sclence and techno%?gykimvai¥im, ’ °
final decisions should rest w%tﬁ the arg&na;g‘ﬁan ?ng no
be regarded as the preserve of any groug of scientists or
experts, however distinguished.®

This report will address two issues.

. e .
1 A review of the potential environmental and human health impacts
- relating to uranium exploration, mining and milling.

2 A review of the existing feceral and state law in place to regulate
' uranium exploration, mining and milling.

4 byt vt o S S i Y
In going so, it is necessary to point oul that thlo‘LVpOlihiSﬁPﬁ???@Ct;;;
in nature Ura%ium exploration activitles currently unuerway in Mﬁ%ei???xthe
, . of mi i 1 2 are | Tanium m
g 80es 1 exploration. There are no uran notr
at the early stages of minera e ele e et
' ed re under lease. Thus, this rep S C .
state. No state-owned lanas a ‘ ( ' P i e e
’ 51k reciti ‘e view this report as a guide !
scope ana not site specific. We thi as @ > toa
i;gp issues and 1dentifying the existing r@guiaigzy QOHﬁ{Qii. Oékauiigégm
minin It is our nope that it will educate anu thereby ald in the 21y
i i p . oy ..,'x_g‘.h..:.\;_' , g,
resolgtion af the uranium controversy through the political process

I1. URANIUM MINING CUNTROVERDY

A. Eastern States

b ~ - -y o _' ey - S ‘ﬂ
Social controversy over the question of uranilum @xplurahfun angﬂm%gégg %o
the Uppef Peninsula should not be considercd & phe @meﬁgn higl ol o
S, . ) § ey i it oy 5 CHISTYYV b2

ichi v the late 1970%s, the wuranium mining 1Industry

ichigan. In the late l/ﬂ 5 : ‘ e aining : econe
?ﬂtergsted in the eastern United States and was autlgwiy,fl,»*ng l?§§§J oo
conducting exploration programs in several states, 1nu%uuigg— Y{rgl : {erest
Jersey and Vermont. However, local opposition resulted in lnuuf%rﬁeinjersey
falii%g off on exploration along the eastern saébuarqf ,}qui xn]: gslative
and Vermont passea restrictive ordinances and vermgnt requires leg
approvai prior to the operation of any uranium mine (2).

Closer to home, this controversy wailyaicgﬂ zgt &fﬂfw;;\Nugségigwigoiggg9

i iisconsin and Minnesota as well.  As in Michigan, the .
bUt'”lr;jw}?C;gigg;singo ﬁigigfﬁgkér proposed uranium.explgraﬁ%on on'prlvate agd
Su?fdciﬁ {“ 'A;U as in Michigan, neither Minnesota nor WLSQO?%}H pr?sentBé
i;g;g s?ggz'lanu ?or uranium explorationﬁg Ihe’hﬁfﬁes%ticie%lijszizténO&i@d
passed a statute which placed a moratoriunx “rikbff\ ¢eidi;¥iad.tﬁe‘Minnesota
mineral rights for uranium untlil July l% 178%8 “L} ?lbO O\1£ﬁ*gﬁ3t ety
Environmental Guality boara toﬁ prspa{ewfiq;g?gifé%f hiy%~$;ﬁjﬁ0 by the same
controls are necessary for uranium ﬁxpioxd%fgg Q:? “'nffiLQTQ”i anmission e
date (3). In & separate, but related action, the legislative Comm

62
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minnesota Kesources provided $25,000 to the Minqtsota ngartnent qf Natural
Resources in 1979 to prepare a report on the possible envircnmental 1mpacts of
uranium mining ana milling in Minnesota. This report was completed in June,
1980. It was not site specific anu drew no conclusions on whether uranium
mining or milling should or should not be conducted in Minnesota (4).

wisconsin, after much legislative debate, dig not acopt a resolution in
opposition to wuranium exploration and mining. but, as in Minnesota, the
leyislature dig adopt a statute to regulate the drilling of core holes for
uranium exploration (b). Both states are alsc conducting monitoring programs
to measure the randon release from uranium exploration drilling activity (4,5).

B. Western States

This shift in public attitude on uranium mining, whether well founded or
ill perceived, has also occurred in the western states. Public objection to
uranium mining surfaced in Montana and South Dakota in 1980. Opponents of
uranium mining called for a legislative ban. 1he issue was pul before the
voters in the fall of 1980. Montana adopted a citizen referendum banning the
disposal of racioactive waste material in Montanna from uranium mining and
nuclear power facilities. It did not ban uranium mining, only the disposal of
by-products (tailings) in Montana (6). A citizen initiative in South Dakota
placed on the ballot & proposal toc require a statewide vote prior to the
issuance of any state permits for each proposed uranium mining project. This
proposal was defeated (7).

Not all the opposition to uranium mining is relatec to raciation hazards.
For example, in the South bakota Black Hills, an arid region with limited
water resources, fammers, ranchers and local communities also wigw the
development of uranium mines as another cemand on the water resources of the
reygion (2).

Historically, the greatest production of uranium in the United Stat=s has
occured in the western states of New Mexico, Colorado, Texas, Utah and
Wyoming. The production from the 280 openpit and underground mines accounted
for Y0 percent, ol Lhe S0 prodactron, the tdted Statea) ao of 19/7%, was the
leading proaucer  of  uraniuw, L acuuunted  tur 4 percent ol world
production. Throughout the early 1970's uraniuim exploration and development
was expanding. This was stimulated, to a large extent, by forecasts on the
expansion of nuclear power plant programs. For example, in 1977 the U.S. had
69 operating nuclear power plants anag federal government forecasts estimated
an additional 100 reactors would be operating in the late 1980's. Since
virtually all uranium mineg in the U.S. is sola to government and public
utilities, the expansion of uranium mining looked promising (2,8).

New Mexico was the center of U.S. wuranium production. In 1977, it
supplied approximately half of the nation's processed uranium and 18 percent
of the worla output. But, as of August, 1980, one-fifth of New Mexico's
uranium miners were laid off. According to a wall street Journal article of
August 26, 1980, the uranium boom is collapsing in New Mexico due to "falling
prices and uncertainty over the future of nuclear power since the Three Mile
Island accident last year" (8).
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C. Australia and Canada: Two Examples

The worldwide governmental response to the uranium mining controversy is
varied. The examples covered here shoula not be considered selected or
slanted to represent or favor a particular viewpoint or outcome. They are not
meant to be inclusive of all governmental response worldwide. They are merely
illustrative. An exhaustive study was not conducted.

pustralia

In 1970, Peko Mines Ltd. ana Electrolytic Zinc Company of Austral Ltd.
conaucted a joint aerial survey over the Ranger area in the Northern Territory
of Australia approximately 270 kilometers east of Darwin. This survey
delected  radiation  anomalies  and  follow-up  investigations confirmed  the
pluescice ol rich uranlum  deposits, L 1975, the Commonweallh Covernment
through the Auslralian Atomic knerygy Commission entered into a Jjoint venture
with these companies to mine the ore and export the yellowcake (composed of
90%» Uz Ug) to other nations.

In July of 1975, the Prime Minister and Minister of State for the
Environment, under the authority of Environment Protection (Impact of
proposals) Act of 1974 directed that an inquiry be conducted on the proposed
Ranger Uranium Mine. Under the regulations of the Act, a three member
commission was appointed to carry out the inquiry. The commissioners were
provided with nine advisors with expertise in various aspects of mining,
ecology, puolic health, economics and law. (1) The inguiry was called, under
the Act, to receive comments and make findings and recommendations to the
Prime Minister and Minister of State for the Environment on approving or
restraining uranium mining at the Ranger project site. All evidence was
submitted by witnesses under oath at public hearings with each witness subject
to cross-examination by any other witness upon approval of the commission.
The commission could also receive written verified statements and could
recelve evidence In private when sabisficd il was desirable to do so in the
public interest,

The Commission of Inguiry was requireg to work within the following framework:
"The Commission is required to inquire:

in respect of all the environmental aspects of:

(a) the formulation of proposals;

(b) the carrying out of works and other projects;

(c) the neyotiation, operation and enforcement of
agreements and arrangements;

(d) the making of, or the participastion in the making
of, decisions and recommendations; and

(e) the incurring of expenditure, by or on behalf of),
the Australian Government and the Australian
Atomic Energy Commission and other authorities
of Australia for and in relation to the development
by the Australian Atomic Energy Commission in
association with Ranger Uranium Mines Pty Ltd of
uranium deposits in the Northern Territory of
Mstralia.®

lhe Environmental Frotection (Impact of Proposals) Act of 1974 provided
the Minister of State for Environment with the oiscretionary authority to
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require the preparation of an environmental impact statement by the proponents
of a project and make the document available for public comment. An
environmental impact statement was prepared, notices placed in newspapers and
public hearings held in seven cities.

The Ranger Uranium Environmental Inguiry is diviced into two reports. The
first dealt with genmeric issues not covered in the site specific EIS. The
first report considered whether "the use of uranium in the nuclear power
industry carried with it risks and danger of such a nature and magnitude that
Australia should not export it, or mine it at all.” The hearing for the first
report began on September 9, 1975, and concluded in August of 1976. A total
of 281 persons gave evidence and 354 exhibits were submitted. The transcript
of evidence covered 12,575 pages.

The second report dealt with the array of issues intimately associated
with the site specific mining propcsal as identified in the EIS. With respect
to the second report, 303 witnesses presented evidence and 419 exhibits were
received. The total transcript covers 13,525 pages. The cost as of April of
1977 was over $800,000.

The first report was submitted to the government in October, 1976, and the
second in May, 1977. The inguiry and preparation of the report covered 22
months. The two reports are 206 andg 415 pages, respectively. The transcript
record exceeds 26,000 pages.

Whatever the merit of this inguiry, its scope was wide ana encompassed
virtually all aspects of the uranium controversy. For example, the first
report addressed the following items:

The Basics of Nuclear Power

The Present Status of Nuclear Power

World Energy Consumption

Energy Resources

The Contribution ot Nuclear Power to World Energy Requirements
Uranium: Supply and Demand

Benefits and Costs of Exporting and No Exporting

Hazards of the Nuclear Fuel Cycle

Envirommental Hazards of Non=Niclear knergy Sources

Safeguards Against Diversion to Weapons-making

Nuclear Theft and Sabotage

Weaknesses of the Nonmproliferation Treaty (NPT) and of the Safeguards
System

The Commission developed 15 findings and recommendations with respect to the
generic issue. They, like the issues raised, are broad in scope. Throughout
the recommendations, there is the clear recognition of the need for continual
diligence ana precaution in the development of Australian uranium mining
policy. The recommendations were advisory only. While approving the
continuation of uranium mining development in Australia, it also called for
the development of a national energy policy with the aevelopment of energy
conservation ana full research and cevelopment on energy resources other than
fossil fuels and nuclear fission.

In its second report the Board of Inguiry ruled on the adequacy of the EIS
and potential site-specific impacts cf the projects.
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"The Ranger project as proposed, and in the lang use setting which
was assumed, should not in our view be allowed to proceea. On the other
hand, if the plan we propose is accepted, and the various matters we
recommenced in relation to it, and to the mining operations themselves,
are carried out, the adverse environmental consequences of the proposal
can be kept with acceptable limits. Every step in our recommendations is
designed to ensure that a reasonable accomodation is reached between the
proposed mining venture ana the conflicting environmental values and
interests."

The Ranger uranium project was authorized, but a number of limitations were
placed on it to minimize adverse environmental and public health impacts.

Canaga: Saskatchewan

In Saskatchewan, Canada, at about the same time (1976-1977) as the
Rustralian Ranger Uranium Site Board of Inguiry was in process, the Minister
of Environment asked the Saskatchewan Cabinet for a public inguiry on an
uranium mine proposal submitted to the Lepartment of the Environment by Amok
Ltd. Amok Ltd. proposed to develop a mine in northern Saskatchewan near Cluff
Lake. Saskatchewan already had two existing uranium mines at Uranium City and
Rabbit Lake, but public opposition was raised over development of Cluff Lake
project (9).

Un February 1, 1977 the Cluff Lake Board of Inquiry was appointed. The
Inquiry conducted formal and local hearings. The formal hearings were
conducted in 5 months (April-September 1977) in Regina and Saskatchewan. The
actual hearings required 67 days of direct testimony from 138 witnesses. The
hearing record produced 10,78 pages of testimony plus 55 pages of summations.

After the formal hearings were held, local hearings were held at 23
locations throughout Saskatchewan to receive citizen input in contrast to the
technical and scientific evidence presented by scientific experts at the
formal hearings. These hearings were held between October 3 and 27, 1977 and
attended by about 1,268 persons with 30 organizations and 260 individuals
presenting comments.

Prior to the local hearings a public information and education program was
developed. It included 25 town hall meetings where a speaker in favor and in
opposition to nuclear power presented their respective viewpoints and the
audience could ask questions of each. It also included radio and television
presentations similar to the town hall format. Other efforts were made Lo
stimulate public interest in the nuclear issue and make readily accessible to
the public any information obtained during the course of the inguiry.

As part of the Inquiry and to allow public interest groups to participate
in the Inquiry's formal hearings, 100,000 dollars was provided as grants to
those groups lacking funding. A Financial Review Panel was established to
review proposals from public interest groups and recommend which groups should
be funded.

Tne Cluff Lake Board of Inquiry were to conduct the inquiry under the
following obligations:
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I, review all availaple information on the probaole environmental,
hgalUw, safely, social and econumic effects of the proposed uranium
mine and mill at Cluff Lake;

<. facilitate the provision of information to the public;

3. receive public comment on  any matler relateu to the proposed
development, including the social, economic and other implications of
expanslon ot the uranium industry in Saskatchewan;

4. dutermine 1t  the measures proposed by Amok Limited to protect
environmental quality meet the requirements of Canadian  and
saskatchewan law, regulations and policies ang to report on the
adequacy of such laws, regulations and policies;

5. determine if the measures proposed by Amok Linited to safeguard
health and safety meet the reguirements of Canadian and Saskatchewan
law, regulations ang policies and to report on the adequacy of such
laws, regulations and policies; and

6. recommend to the Minister of the Environment whether the project

should proceed, shoulu not proceed, or proceed subject to specified
conditions.

In the conducting ot the Cluff Lake Inquiry, the Board:

1. will receive briefs, both written and oral, trom individuals and
organizations;

2. wil} organize and conduct public hearings in such places as the Board
believes necessary to allow the public a reasonable opportunity to
present their views;

2. will arrange for the proceedings of the hearings to be recorded and
transcribed, and no later than November 1, 1977, the Board will:

(a) prepare a report of its findings and recommendations; and
(b) forward its report and a transcript of the proceedings of the
public hearings to the Minister of the Environment."

~ As a result of the formal and local hearings which included 13,524 pages
of transcript and 377 exhibits, a report entitled "Final Report: Cluff Lake
soary of Inquiry" was completed (May 1978) and submitted to Minister of
Environment with a recommenuation to proceed in developing the uranium mine
provided specific environmental and public health standards were followed.

A ;igﬂificgnt conclusion centerea on the adequacy of laws and policies ana
the abl}lty of the regulatory agencies to effectively enforce the laws as
stated in the following findings of the report.

"Adequate standards, adeqguate proposed methods to meet the standards, and
acequate laws to enforce the standards will not be sufficient to protect
the workers at the proposed Cluff Lake mine and mill unless:

(a) Amok strictly complies with its undertaking to implement those
proposed methods, and

{B) those. laws are rigorously enforced by the appropriate regulatory
agencies, namely The Atomic Anergy Control Board and the Occupational

Health and Safety Division of the Department of Labour of
Saskatchewan.
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whether the laws are rigorously complied with, and whether sufficient
inspections will be carried out to ascertain if (and to ensure that) Amok
strictly complies with its undertaking as to methods, will depend in large
measure upon the number of competent personnel the Covernment of
saskatchewan makes availaple to the Occupational Health and Safety
Division to properly and fully carry out the duties cast upon that
Division by the law."

Both the Ranger Inquiry in Australia and the Cluff Lake inguiry in
Saskatchewan, Canada are well documented examples of extensive public review
on the uranium issue and worth reviewing directly for those who wish to go
beyond the scope of this report.

Canaga: British Columbia

In addition to the previous studies, the government of British Columbia
initiasted a similar type of inguiry on the question of uranium mining and its
relaled environmental, health and social issues. The inquiry was established
in January, 1979, but it did not complete the review. In February, 1980, the
British Columbia Cabinet voted to terminate the inguiry and by statute placed
in effect a seven year moratorium on uranium development in the province. As
of this dgate, the moratorium is still in effect and no legal challenges have
been made on it (10).

D. MNuclear Power Controversy and Uranium Mining

The uranium mining industry's future in New Mexico and elsewhere in the
U.S. is closely linked to the future of the nuclear power industry. In fact,
many in the uranium mining industry believe it is too closely linked in the
eyes of the public. For example, the disposal of high level radioactive
nuclear power plant waste, an issue of substantial controversy for the past
two decades, affects the uranium mining industry. They believe that if the
nuclear waste disposal issue is not resolved, uranium mining will continue to

shrink rather than expand in the United States (8). They also see the
environmental issues surrounding nuclear power production spilling-over onto
dranium mindng. they tind that a burden s placed upon them Lo nol o only
explain thelr acliuns, bul thuse thal relate to the nuclear power fuel cycle

in general.

In adaoition to the market place uncertanties facing uranium mining and the
social controversy over nuclear power generation, a shift in public opinion 1is
occurring or has occurred in the western states with active uranium mines
(8). For example, environmental, public health and worker safety issues in
New Mexico have emerged. The rupture of United Nuclear's tailings dam near
Gallup, New Mexico in 1979 spilled tons of radicactive material into the Rio
Puerco River anu on a nearby Navajo reservation (1l). In a review of this
accident, the Niuclear Regulatory Commission found that the contamination of
ground water presented a long-term problem. In light of this inciuent, and
other published reports of problems with contalnment of uranium tailings, the
New Mexico government has tightened waste regulatlions and ralsed the Laxes on
the industry (8).

while uranium mining is still occurring in the western states and most
residents du not oppose it, the complex sociceconomic-legal issues are far
from resolution. In recent years law-suits have been filed in New Mexico to
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halb or Limit uranium mining (8). Uppunents of nuclear power generaltlon view
the blocking of uranium mining (on the front end of the nuclear fuel cycle)
antd blocking of nuclear waste disposal (on the tail end of tne nuclear fuel
cycle) as @ means Lo sluw down or stop nuclear energy development.

Proponents of wuranium mining see this criticism from segments of the
public as an overreaction. They contend that uranium mining, when measured
against other types of mining, industrial anu commercial activities carried
out in the United States, is no more or less of an environmental or public
health risk. While conceding there are potential adverse environmental and
public healtn impacts, there are technological and engineering solutions
through properly designed and operated facilities. while the wuranium mining
industry questions the magnitude and impact of past accidents associatea with
uranium mining wused by environmental organizations to illustrate their
opposition, they generally do not deny them, but point out the increased
feaeral and state regulatory programs now in place in response to those
incidents. From a long-term public health aspect, it is postulated by
supporters of uranium mining and nuclear power generation that nuclear power
should be viewed as a means of cleansing the earth of radioactivity.

Ihls reasonlivg s described by Bernard L. (ohen in a June, 1977 Scientific
American article (12).

"It one 1s to consider the public health effects of radicactivity over
such long periods, one should also take into account the fact that nuclear
power burns up uranium, the principal source of radiation exposure for human
beings today. For example, the uranium in the grouna under the U.S. 1is the
source of the radium that causes 12 fatal cancers in the U.S. per year. If it
is assumed that the original uranium was buried as securely as the waste would
presumably pe, its eventual health effects would be greater than those of the
buried wastes. In other woras, after a million years or so more lives would
be saved by uranium consumption per year than would be lost to radicactive
waste per year.

The fact 1is, however, that the uranium now being mined comes not from an
average deptn of 600 meters put from quite near the surface. There it is a
source of radon, a highly radioactive gaseous product of the decay of radium
that can escape into the atmosphere. Radon gas is the most serious source of
radiation in the envionment, claiming thousands of lives in th U.S. per year
according to the methodas of calculation used here. When this additional
factor is taken into account, burning up uranium in reactors turns out to save
about 50 lives per million years for each year of all-nuclear electric power
in the U.S., more than 100 times more than the life that might be lost to
buried radiocactive wastes.

Thus on any long time scale nuclear power must be viewed as a means of
cleansing the earth of radioactivity. This fact becomes intuitively clear
when one considers that every atom of uranium is desitined eventually to decay
with the emission of eight alpha particles (helium nuclei), four of them
rapidly following the formation of radon gas.

Through the breatning process nature has provided an easy pathway for
Tadon to gain entry into the human body. In nuclear reactors the uranium atom
is converted into two fission-product atoms, which decay only by the emission
of a peta ray (an electron) and in some cases a gamma ray. Roughly 87 percent
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of these emission processes take place pefore the material even leaves the
reactor; moreover, Deta rays and gamma rays are typically 100 times less
damaging than alpha-particle emissions, because their energies are lower
(typically by a factor of 10) and they deposit their energy in tissue in less
concentrated form, making their biological effectiveness 10 times lower. The
long-temm effect of burning uranium in reactors is hence a reduction in the
health hazards attributable to radicactivity."

However, opponents to nuclear power production disagree with this
position. They content that the health impact calculations of uranium mining
ana tailing disposal by nuclear industry proponents do not take into account
future deaths from nuclear-generated electricity. This line of reasoning is
described by David Dinsmore Comey 1in a September 1975 Bulletin of the Atomic
Scientists article (13).

"Last year an article in the Bulletin by Bernard L. Cohen opened with
the apove provocative statements. The health impact of 50 deaths per
gigawatt-year from coal-fired plants was almost entirely due to sulfur
oxides released from the plant stack. The health impact of 0.0l deaths
per gigawatt-year from a nuclear plant came from radicactive effluents
released during normal plant operation, and assumed there would be no
deaths from nuclear plant accidents. Other compairsons by nuclear
proponents have reached similar conclusions...

...How coula such enormous health effects have been overlooked?
Probably because almost everyone has focused on emissions from the nuclear
power plants and virtually ignored the other end of the uranium fuel cycle

"

The other end of the uranium fuel cycle is the mining, milling and
tailings disposal. It is his position that uranium mine tailings will be
responsible for at least 394 deaths per gigawatt-year instead of 0.0l deaths
per gigawatt-year He also states another position on the long-term impact.

"Based on the foregoing, it would seem to be a myth that
the lethal health effects from coal-generated electricity are
5,000 times greater than the lethal health effects of
nuclear-generated electricity as estimated by Cohen and others.
The deaths induced by the decay of thorium-230 in uranium mill
tailings alone seem to swing the statistics in the reverse
direction, and further analysis of other parts of the nuclear
fuel cycle may identify additional health effects that have been
overlooked.

Tne Atomic Industrial Forum, the American Nuclear Society
and others may argue that very few of the thorium-induced deaths
will occur curing our lifetimes, and that it is unfair to make
such a comparison of current deaths from coal-generated
electricity with future deaths from  nuclear-generated
electricity. But that makes the disparity a moral issue: Do we
have the right to consume electricity from nuclear fission
plants for the next few decades forcing thousands of future
generations to suffer the lethal conseguences?"



19

. Commonality of Uranium Controversy

Une can observe from the formal inquiries conducted in Australia
and Canada ana the debate in the United States over nuclear power a
commonality in the issues and viewpoints held by proponents and
opponents to uranium mining. It makes no difference whether the
proposed uranium mining was in Australia, Canada or the United
States, the generic issues are relatively constant. For example,
the following excerpt from the Australian Commission of Inguiry on
the 3?i?er Uranium Environmental Inquiry states the issues rather
well (1),

"It was submitted that there were dangers associated with
the various operations of the fuel cycle, from the mining of
uranium to the production of power in reactors, that there were
serious and unresolved problems concerning the disposal of
radioactive wastes, that there were risks of terrorist theft and
use of plutonium, and that there were increased risks of nuclear
war flowing from nuclear proliferation. It was contended that
the continuing development of the nuclear power industry would
produce greater ineguality between the developed and undeveloped
countries, and that this, as well as being undesirable in
itself, was likely to lead to increased international tension.
It was submitted that, taken alone, some of those matters
constituted sufficient ground for not mining, and that taken
together they certainly did se. The central proposition was
that, if Australia supplied its uranium to the industry, it
would be contributing in some measure to each of those hazards
and problems and that therefore it should not do so. To some
extent, the argument rests simply on ethical values. In some
important aspects, such as the dangers of high-level wastes, of
terrorism and of proliferation, practical considerations
affecting Australia arise. The submission was that mining
should not take place at all, or should at least be postponed
until it was clear that major problems, such as the disposal of
wastes, had been overcome.

"In further support of the submission, it was put that on
economic grounds nuclear energy was not a satisfactory source of
power, that it could only in any event offer a temporary way out
of the energy problems of the countries wanting to use it, and
that other sources of energy were preferable and could be
developed. It was also submitted that nuclear power programs
were less securely established than had been made to appear, and
that there might well be a revulsion against them overseas. It
was put that, for these and other reasons, the use of nuclear
power would not develop as projected, with the consequence that
there would be less demand for uranium and the profits would be

lgsg than predicted by the proponents and by others who support
mining.

"The submissions and arguments mentioned were encountered by the
proponents and by other witnesses. It was submitted that often
the hazards were exaggerated by opponents of nuclear power, in
some respects greatly so; that the economic and social suffering
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which would occur if nuclear energy were not developed would be
greater than the hazards inherent in nuclear power; that the
nuclear industry in all its aspects had to date a very good
safety record, not least in relation to harm from radioactivity;
that the hazards concerned had been exhaustively investigated by
various authorities, were well understood and were under
control; that the nuclear industries in countries likely to
purchase our uranium were closely regulated and supervised; that
the problem of high-level wastes had been virtually overcome by
the proposal for vitrification and geological disposal; that the
risk of terrorist activities was recognized and guarded against;
that the safeguards systems provided sufficient protection
against diversion and proliferation; that the operation of
nuclear power stations was cleaner and involved less risk to
people and the physical environment generally than fossil fuel
stations; that a number of countries needed nuclear power, and a
number had become dependent on it, at least in the short term;
that the governments of many countries had accepted nuclear
power, and it was not to the point, even if it were correct, to
say that there was a large body of opposition to nuclear power
development in their countries; that there was a considerable
assured market for uranium; that (according to some witnesses)
there was a risk that if permission to mine was not given soon,
the market might shrink and prices drop because of the projected
introduction of fast Dbreeder reactors; and that the profits to
be made were very good. It was submitted that, if Australia did
not supply uranium, others would, and its abstention would make
no difference in kind or degree to the presence of such hazards,
difficulties and problems as there were.

"An argument of a different kind relied upon by the parties
opposed fo mining was that if Australia were to decline to mine
and sell its wuranium specifically because of the hazards and
problems involved, and were to announce its policy to the world,
this would be likely to have an important effect in restricting
further nuclear development, 1if not 1in actually causing a
cut-back. The answer of the proponents, and others, was that
such a course woula be most unlikely to have the effect sought,
but that, if it were desired to improve further the position in
relation to the hazards and problems referred to, this could
best be done if Australia were a supplier to the industry.

"The proponents, and witnesses supporting their viewpoint, took
the view in relation to some matters (not including, for
example, proliferation) that such risks and problems as now
exist are relatively minor, are of the order ordinarily accepted
in everyday living, and will in all probability be overcome
pefore they become at all acute or serious. It would be time
enough to adopt a more draconian attitude if and when it was
found that they were getting serious, and appeared intractable.
Their opponents took more into account the long term future, as
they saw it. They were of the view that humanity should not
have to suffer added risks, even if they may not be great, and
that the nuclear industry should be required to demonstrate that
risks, particularly from radioactivity, were virtually
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negligible, before being allowed to develop any further.
Associated with this viewpoint was the fear that if nuclear
development was not stopped very soon, the industry would
develop a momentum of its own, and be beyond effective control.

Some of the opponents placed reliance on a view that people in the developed
countries should simplify their life styles appreciably, soc as to decrease the
demand on non-renewable energy resources such as coal, o0il and nuclear fuel.
The scope for energy conservation, even with existing life styles, was
emphasized."

Another common thread noted is the often lack of objectivity among proponents
and opponents. Although each individual believes in his/her objectivity, the
zeal to persuade can often cloud personal objectivity. Again, the Australian
Commission of Inquiry reflects on this factor as obsesrved in their hearings

(1.

"In considering the evidence, we have found that many wildly
exaggerated statements are made about the risks and dangers of nuclear
energy production by those opposed to it. What has surprised us more is a
lack of objectivity in not a few of those in favour of 1it, including
distinguished scientists. It seems that the subject is one very apt to
arouse strong emotions both in opponents and proponents. There 1is
abundant evidence before us to show that scientists, engineers and
administrators involved in the business of producing nuclear energy have
at times painted excessively optimistic pictures of the safety and
performance, projected or past, of various aspects of nuclear production.
There are not a few scientists, including distinguished nuclear
scientists, who are flatly opposed to the further development of nuclear

energy, and who present facts and views opposed to those of others of
equal eminence."

"A few of the publicists for nuclear development characterize their
opponents as lobbyists or dissidents, or worse. We would wish to make it
quite plain that before us the opposition has come from a wide
cross-section of the general community, and we would not be prepared to
conclude that their motives and methods are any less worthy or proper, or
intelligently conceived, than, in general, are those of the supporters of
nuclear development."

Another common factor noted in the governmental responses described here
is the fact that a study, whether elaborate or simple, does not produce a
clear-cut conclusion. The studies merely lay out the viewpoints and
supporting data for them. The ultimate decision is still a value judgment.
In these democratic nations, the decision is reached by an elected political
body. Thus, faced with the relatively similar array of issues, the
Saskatchewan legisiative elected to pursue the development of uranium mining
in that Province while the British Columbia Legislature chose to place a
moratorium on uranium exploration and mining. In the United States, some
states have had and continue to have uranium mining (i.e., Colorado, New

ngico) while other states have enacted partial moratoriums on uranium mining
(i.e., Vermont, Montana).
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Thus we see that the publlc controversy over uranium mining has not been
limited to the United States. Uranium mining development in Australia and
Canada has stirred citizen objections. The central issue elsewhere and here
in Michigan is: Should the government permit uranium mining and if so, under
what conditions?
III. URANIUM IN UPPER PENINSULA OF MICHIGAN
A. Uranium

Uranium 1is a silver white metal that consists of the three semistable

radicactive isotopes; uranium-238, uranium-235 and uranium-234. It is an
important energy source because fission of uranium-235 releases large amounts
of energy. This readily fissionable nuclide constitutes only about 0.7

percent of natural uranium. Uranium-238 makes up most of the remaining 99.3
percent and the uranium-234 only about 0.005 percent. Uranium-238 is not
readily fissionable, but under neutron bombardment it converts to
plutonium-239 which is fissionable.

Uranium was discovered in 1789 by Marten Klaproth in pitchblende from a
mine in Germany. The element was first isolated in 1842. Radiocactivity was
first discovered in 189 and radium, a daughter of wuranium decay, was
discovered by the Curies and Bemont in 1898 in pitchblende from Joachinsthal,
Czechoslovakia, where the mineral had been known since 1727.

In the early 1900's raaium became important in medical therapy. This led
to a search for the ore as a source for radium. The first important sources
of radium besides Czechoslovakia were the uranium-vanadium sandstone deposits
in western (nlorado and eastern Utah and from 1898-1923 about 275,000 tons of
ore were produced. This ore yielded about 200 grams of radium, 2,000 tons of
vanadium ang a small but indeterminate amount of uranium. Most of the uranium
went into the tailings basins.

In 1913, the U.S. deposits were supplanted as the source of radium by the
large and rich Shinkolobew vein deposit in the Belgium Congo. In 1933
production began from ancther vein deposit, the Eldoradc at Port Radium,
Northwest Territories, Canada. Thereafter, the market was shared by Canada
and the Belgium Congo. Only minor amounts of uranium-vandium sandstone ore
were mined from 1924-1935.

In 192%, mining of uranium-vandium ores increased markedly owing to
increased demand for vandium. In anticipation of the development of
controlled nuclear fission, the United States in 1940 began to recover uranium
from tailings discarded during the radium and vandium operations and by the
end of 1947, a total of 1,440 tons of wuranium oxide (Uz0g) had been
producea. In addition, the U.S procured about 10,150 tons of UszOg from
outside sources, mainly Canada and the Belgium Congo (14).

Uranium has a number of commercial ang research uses. However, the
predominant commercial use is as a nuclear fuel for civilian power reactors.
It is also used in U.S. government nuclear programs including weapons,
propulsion, underground tests, research and development and space applications.

Relatively small guantities of depleted uranium are used in specialized
non-energy applications pecause of the wunigue properties of elemental
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uranium. This form, depleted in the fissionable isotope and therefore not
suitable for nuclear use, is one of the most dense metals. It readily alloys
with other metals to form stable compounds and is easily fabricated. Only
about 10 percent of the annual industrial demand tor uranium involves these
nonenergy applications.

Because of its higher density, depleted uranium is better suited than lead
and other dense metals for gamma-ray and x-ray shielding. Containers made of

depleted uranium for radiocactive materials require less welght and provide -

better protection. They vary in size from a few pounds to many tons.

Density and ease of fabrication make depleted wuranium particularly
suitable for missle ballast, for control surface balancing and counterweights
in aircraft and space vehicles, and for payload simulation in test space
vehicles. Castings are made in a variety of shapes and sizes, weighing up to
several hundred pounds.

Depleted uranium also has a number of other nonenergy uses. Research and
development on structural and mechanical properties of depleted uranium by the
U.S. Army Materials Command resulted in demand for ordinance use. Uranium
alloys, particularly with molybdenum and titanium, are useful for a wide range
of military applications, including eguipment parts, ammunition and special
purpose artillery shells.

Early uses of uranium were in the chemical, ceramic and glass industries.
A uranium-antimony oxide catalyst is used in the plastics industry for the
production of acrylonitrile. Uranium is also used as a colorant in glass and
ceramics and in steel and nonferrous metallurgy. In the electrical inaustry
it is used for targets in x-ray tubes, electrodes in ultraviolet light sources
ana resistors in incandescent lamps (15).

There have been several surveys for radicactive minerals in the Northern
Peninsula and analytical results have been rteported in various ways. For
example, the amount of uranium may be reported as percent uranium (U), percent
uranium oxide (Usug), percent uranium oxide equivalent (eUz08), or as

parts per million (Uz0g) ppm.). Equivalent refers to measurement on a
mechanical device that measures total radioactivity which could include
uranium plus thorium plus radioactive potassium. The radioactivity of

yroundwater is normally reported in parts per billion (ppb.).
B. UGeologic Uccurrence

Uranium in Michigan has only been found in the western part of the
Northern Peninsula. The bedrock geology of this area consists of a thick
series of diverse and complex rocks combined under the general name of
Precambrian. These rocks are characterized by their extreme age.
Radio-metric dating indicates they were formed between 3.5 and 1.0 billion
years ago. Michigan's Precambrian rocks have been and remain an important
source for iron ore and copper. These rock formations are exposed throughout
eight counties in the western Northern Peninsula, an area of approximately
8,900 sqguare miles. These Precambrian rocks are divided into the Lower,
Middle and Upper Precambrian based on specific events which occurred over
geclogic time.
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LOWER PRECAMBRIAN

The oldest rocks (Figure 2) are principally submarine lavas and
pyroclastics with minor sediments. Pyroclastics are made up of varying sizes
of volcanic debris consisting of rock fragments and ash. The Lower
Precambrian volcanic rocks have a low radioactive background. A few sample
analyses have been reported and these indicate a content of less than 2 parts
per million (p.p.m.). A prominent sedimentary series of rocks in central
Dickinson County contains layers of lenses of quartz-pebble conglomerate. It
has been postulated that the conglomerate may have some potential for uranium,
put no data is available.

The Lower Precambrian volcanic rocks are intruded by granitic rocks
(Figure 2) of various compositions. where the granitic rocks have assimilgtgd
pre-existing volcanics and sediments they are called gneisses. The granitic
rocks were emplaced in two stages approximately 3.5 and 2.7 billion years ago.

A number of anomalous radioactive prospects have been located in the
granitic rocks. For the most part they are thin fracture fillings and local
in extent. Selected samples are as high as 0.11 percent uranium. In a recent
regional study, 58 widely scattered samples indicate a range of 2--35 ppm
uranium (16). : ;

MIDDLE PRECAMBRIAN

Miadle Precambrian rocks in Michigan (Figure 3) are a thick succession of
sediments and volcanics, principally conglomerate, quartzite, dolomite, slate,
iron-fommation, volcanic lavas and associated pyroclastics. The Middle
Precambrian has been subdivided into four groups which, from oldest to
youngest have been named the Chocolay, Menominee, Baraga and Paint River
Groups and are illustrated on Figure 4. The Chocolay and Menominee Groups now
occur in widely separated ranges or districts. The Baraga Group covers the
largest area and is more contiguous. The Paint River Group is contained in a
completely isolated basin. Middle Precambrian deposition began some 2.1
billion years ago and ended some 1.9 billion years ago.

Chocolay Group

Figure 3 depicts the distribution of rocks and Table 4 shows the rock type
and maximum thickness of individual rock layers of the Chocolay Group. No
anomalous uranium of significance has been reported in Chocolay Group rocks.
One sample of the quartzite was analyzed and contained 10.7 ppm. elz0g.

The volcanic rocks have not exhibited radioactivity above background which is
less than 2 ppm.

Menominee Group

Figure 3 shows the distribution of Menominee Group rocks and Table 5 the
layered rock succession, rock type and maximum thickness.

Radiometric measurement of Menominee Group rocks have not indicated
exceptional radioactivity. The average is on the order of 2 to 3 ppm. The
gquartzite and slate have been measured at 12.4 ppm. and 6.6 ppm. elz0g in
anomalous areas. The rocks indicated in black on Figure 4 represent most of



DISTRIBUTION OF LOWER PRECAMBRIAN SEDIMENTS, VOLCANICS, AND, GRANITES
AND GNEISSES.,

OUGHTON

ONTONAGON

=

A IS Marquette

H

Escanaba

LEGEND

[-] Granites & Gneisses
[0 volcanics
E Sediments

Menomines

FIGURE 2

r

DISTRIBUTION OF MIDDLE PRECAMBRIAN CHOCOLAY, MENOMINEE, BARAGA SEDIMENTS
AND VOLCANICS, AND PAINT RIVER GROUP SEDIMENTS.

ONTPNAGON ¢ Marquette

fronwood

Escanabe

LEGEND
(] Baraga Group Sediments
B Chocolay Group Sediments
B2 Menominee Group Sediments
& Paint River Group Sediments
[l Baraga Group Voicanics

Menominee

FIGURE 3



27

28

the major productive iron formations in Michigan. Radioactivity of the iron
tormations is about that of background or less than 2 ppm.

Table 4. STRATIGRAPHIC SUCCESSION OF PRECAMBRIAN ROCK FORMATIONS IN THE saraga Grou
NORTHERN PENINSULA OF MICHIGAN arag P

Figure 3 illustrates the distribution of Baraga Group sedimentary rocks
and baraga Group volcanic rocks. Table 5 indicates the rock type succession

UPPER PRECAMBRIAN (Keweenawan) anu maximum thickness of rock units.

In the sedimentary rock seguence of the Baraga Group, the lower guartzite
conglomerate layers contain relatively large amounts of monazite near Palmer,
Marquette County. Monazite is a complex mineral consisting of rare earth

Rock Type Maximum Thickness (feet)

T y g ; . .
Upper Keweenawan gﬁggztone 12’388 oxides, thorium and some uranium. Analysis of whole rock samples show thorium
Conglomerate 6.000 (Th) ranging from 500 to 2,200 ppm. and uranium from 20 to 62 ppm. U. This
. ] ’ deposit may be a potential future source of thorium. It is the largest
Middle Keweenawan ' resource of radioactive material now known in the Northern Peninsula.
Volcani .
Volcgg;gz 12’888 The slate formation covers a very large area of the Baraga Group. The
’ formation includes other rock types including graphitic carbonaceous slate and
Lower Keweenawan . . . . .
minor iron formations. Locally, in several areas, anomalous samples
Volcanics 15,000 ‘ : containing uranium have been located and analyzed. Along the Huron River in
Volcanics 4,400 ‘ : northern Baraga County an iron fommation sample ran 215 ppm.  Usog.
Quartzite 300 selected drill core samples ran .009 to .00l6 percent Usug and averaged
MIDDLE PRECAMBRIAN : : .001 to .002 percent. In central Baraga County samples from an old graphite

guarry contained .005 to .037 percent Uz0g and iron formation from the
same general area contained .003 to .068 percent Uz0g. Iron formation

Paint Ri
alnt River Group west of Ishpeming in Marquette County showed .001 to .034 percent eUz0g.

Slate 4,000 ! Selected samples of iron formation and graphite slate from abandoned mine
Magnetic Slate 200 : dumps near Gwinn in Marquette County, show up to 0.1 percent eU30g. Along
Graywacke 500 : Green's Creek in Marguette County, northwest of Gwinn, channel samples of
Iron Formation 800 _ ferruginous slate ran 0.004-0.036 percent U. Selected samples ran up to 0.1
Slate 1,500 percent UzUg.

Baraga Group . .
Paint River Group

Volcanics and Sediments 15,000
Slate 20,000 ) ' Figure 3 shows the distribution of Paint River Group rocks as contained
Ferruginous Slate & Iron Formation 1,800 ' within a triangular shaped basin. Table 5 indicates the rock type and maximum
Volcanics & Sediments 23,000 thickness of the rock succession.
uartzite & Conglomerate 1,400
: Anomalous radioactivity in the Paint River Group is confined to the iron
Monominee Group Formalion and the undetlying slate. The upper 20-50 feet of Lhe basal slate
Iron Formation 3,500 immediately beneath the iron fommation is a pyritic graphitic carbonaccous
Slate 3,100 slate that contains 30 to 45 percent pyrite and 5 to 15 percent carbon. A
Quartzite 1,000 : scintillometer survey of the mines ana mine waste dumps in this district
Chocolay Group revealed numerous anomalous samples of iron formation and black slate. The
normal radioactive content of the unoxidized iron formation is about 0.001
Slate 1,500 percent eUz0g; that of the graphitic slate is higher, on the order of
Dolomite 2,500 0.003 to 0.004 percent euUz0g. The highest value analyzed was 0.513
Quartzite 2,000 percent eUz0g from an iron mine 1,000 feet pbelow the surface. Many other
Slate & Conglomerate 3,500 ‘ anomalous samples in this district were analyzed and contain 0.0Z to 0.041
- . & percent eUz0g. It must be emphasized that anomalous areas are local in
LUWER PRECAMBRIAN - extent and as far as it is now known these do not represent a minable resource.
Granitic Intrusive Volcanics 24,500
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UPPER PRECAMBRIAN

The Upper Precambrian tocks of northern Michigan (Figure 4) are
collectively called Keweenawan and are subdivided into Lower, Middle and Upper
Keweenawan units. Keweenawan rocks are formed some 1.4 to 1.0 billion years
ago and consist of four formations of volcanics and four formations of
sediments with a total maximum thickness of more than 60,000 feet. Table 5
show the rock succession, rock type and maximum formation thickness.

The Upper Precambrian rocks of Michigan are a small portion of a major
geologic teature which extends from eastern Lake Superior to the west and
southwest into northern Kansas. This is a rift zone of volcanics and
sediments named the Midcontinent Gravity High.

Lower Keweenawan quartzite and volcanics have been measured to contain
less than 2 ppm. eU. Middle Keweenawan volcanics contain 3 to 8 ppm. eU in
general. However, one occurrence northeast of Lake Gogebic was measured at
0.02 and .003 percent eU. One sample is reported to contain 500 ppm. eU.
Upper Keweenawan shale has 0.001 to 0.003 percent euU.

Jacobsville Sandstone

The age of the Jacobsville Sandstone (Figure 5) has been a controversial
‘subject for over 150 years. Most maps refer to this formation as Precambrian
or Cambrian in age. In 1976, the U.S. Geological Survey officially designated
the Jacobsville as Upper Precambrian. The Jacobsville Sandstone covers an
area of approximately 1,500 square miles shown on Figure 5 and an unknown area
to the east.

Scintillometer surveys and analysis have indicated that the exposed
Jacobsville rocks have a very low radicactive content, less than 2 ppm. eU.
However, it has been hypothesized that where the Jacobsville overlies Lower
and Middle Precambrian rocks, as in parts of Baraga and Houghton counties, the

geologic environment is similar to that where Proterozoic-Unconformity type of

uranium ore deposits have been found in northern Australia and in northern
Saskatchewan, Canada.

C. Uranium Surveys & Exploration in the Upper Peninsula

During the 1950's and 1960's, the Geological Survey Division, Department
ot Natural Resources field checked radioactive occurrences located by private
prospectors. The occurrences were located on state-owned mineral lands. The
purpose of the evaluation was to determine if such locations were valid to
issue a state uranium lease. No systematic surveys were conducted by the
Geological Survey.

In 1950, the U.S. Geological Survey (17) published a map of an airborne
radioactivity survey tor parts of Marquette, ODickinson and Baraga counties.
The general conclusion drawn was that the radioactive anomalies were due to
the radioactivity emanating from granitic rocks.

On April 20, 1951, (18) the Jones and Laughlin Ore Company, a wholly owned
subsidiary of Jones & lLaughlin Steel Corporation, contracted with the United
States Atomic Energy Commission toc sample and make radiometric analyses of the
Precamprian sediments in the States of Michigan, Minnescta and Wisconsin. The
initial purpose of the contract was to sample dark graphitic and pyrite
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bearing slates. Earlier exploration by the Jones and Laughli i

: arl. at1o ghlin Ore Company in
Baraga County, Michigan had indicated these materials contained ;3 sﬁall
guantity of uranium.

~In the early summer of 1951 uranium mineralization was found in the iron
formatlon.. The scope of the investigation was then broadened to include not
only the iron formation, but also other Precambrian rocks. Field parties
equipped with Halross scintillometers visited outcrop localities, open pit
iron mines and active and abandoned mine dumps and made underground tests of
mine workings. Where scintillometer readings exceed two or three times
background‘level, samples for radiometric analysis were collected. Qver 2,000
radlo—metylc determinations for Usz0g equivalent were made. In addition
many chemical analyses for other elements were made by the iron ore researcﬁ
laboratory of the Jones & Laughlin Steel Corporation.

All cata from the sampling program indicated that uranium concentrations
of Q.l percent or better are limited to (a) veins of quartz and calcite
cutting black slate and (b) concentrations in iron formation associated with
blgck slate: Veins or shear zones cutting through other types of rocks are
still possibilities, but none are known and none were found by the
scintillometer and sampling survey.

The bgst chance of such a discovery is in the oxidized phase of the Upper
ru;oplan iron formation of the Marquette and Menominee Ranges. Outcrops of
oxidized iron formation and black slate are extremely rare. Both formations
are knpwn to be widely distributed on the Marquette and Menominee Ranges, but
the distribution is determined almost entirely from mine workings arill
explorat}on and magnetic surveys. Oxidized iron formation and black sfate are
not resistant rocks and their outcrop is almost entirely buried beneath
giaqlal _overburden too thick to permit instrumental detection of
;ad10act1v1ty. Less than one-half of one percent of the known iron formation
is e§posed for sampling or radiation tests. While no commercial urnaium
depos;t§ were found, the number of showings of plus 0.1 percent Uz0g in
the limited area of favorable host rock available for testing was encouraging.

A study to evaluate geochemical methods of exploration for uranium was
made in 1957 and reported in 1962 by the Atomic Energy Commission (19). About
600 waﬁer samples were collected from streams and subsurface sources in a
reconnalssance survey of an area approximately 7,000 sguare miles comprising
parts of northeaste;n Wisconsin and the northern peninsula of Michigan. The
backgrpung value of Uz0g in waters ranged from less than 0.1 to 0.5 parts
per billion (ppb). Anomalous samples were found in waters of a cutting
throggh a sandstone outlier in Sections 32 and 33, T4ON, R29% in Southern
Dickinson County. Anomalous values of 3.2, 9.7 and 10.2 ppb. were obtained.
The sandstone 1is probably a correlative of the Jabobsville Sandstone.
Anomalous samples from wells in the Jacobsville were located in Section 2
T49N,_R26w, Marquette County and the values ranged between 1.4 and 6.9 ppb:
The 'hlghest. sample came from a water well penetrating Lower Precambrian
granite gneiss 1in Section 36, T4IN, R29%, Dickinson County. The uranium
concentration of this sample was 14.8 ppb.

. Considering the scope gf the problems encountered and the limitations
1mposeq by the data acguired in this reconnaissance investigation, the
following conclusions were offered:
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1. Low Order of Uranium in Waters

In  comparison  with other areas investigated for uranium by
hydrogeochemical methods in the Western regions of the United States, the
uranium content and the dissolved solid content of waters in Michigan and
northeastern Wisconsin is quite low. The low uranium background values
suggest that geochemical anomalies in waters will likewise be of a low order
due to the folowing conditions inherent to the area studied: (a) limited
bedrock permeability in metamorphic terrane; (b) dilution effect of surface
water runoft; and (c) rapid "fadeout" or inability of many streams to carry
Lrace amounts of uranium over exltensive distances.

2. Uranium in Bedrock and Surticial Cover

Metasedimentary rocks generally contain from 1 to 20 ppm. Uz0g, but
isolated pods of the upper iron member and a few mineralized zones of the
Michigamme slate may contain as much as a few hundred ppm. Granitic rocks
consistently carry uranium values ranging from 3 to 40 ppm. Surficial cover,
with the exception of certain bogs, contains from 0.3 to 6.0 ppm. uranium.
The Uz0g content of bog soils may range up to 300 ppm. The mean uranium
content of sandy glacial till based on a limited number of samples in Michigan
and Wisconsin is about 1.0 ppm., although individual samples may contain as
much as 10 ppm.

In 1969 the Atomic Energy Commission (20) published the results of an
examination of previously located uranium occurrences in the Great Lakes
Reglon of Michigan, Wisconsin and Minnesota. The report noted large areas
inadequately explored due to the sparsity of rock outcrops as a result of the
extensive cover of ylacial drift.

The Department of (Geology and Geological Engineering, Michigan
Technological University conducted studies of uranium and thorium occurrences
in Precambrian rocks of Michigan and Wisconsin in 1976 and 1977 (16,21,22).
The purpose was to evaluate wuranium and thorium potential of the area.
Uranium and thorium occurrences were reexamined. Attempts were made to relate
the geologic setting of occurences to major uranium deposits of the world.
The study was sponsored by the Energy Research and Development Administration
(ERDA) .

In early 1977, the DNR's Geological Survey Division submitted an
unsolicited proposal to the U.S. Energy Research and Development
Administration (ERDA) entitled "Drilling for Geologic Information in Middle
Precambrian Basins in the Western Portion of Northern Michigan®. In September
1977, $588,000 was awarded for the project. ODOrilling commenced shortly
thereafter and continued into the spring of 1978. Target areas selected for
drilling were basins where geologic information was lacking. Five holes were
drilled in northern Marguette County and one hole in north-central Iron County.

The six dlamond core holes totaled 9,89 feet. Five feet of core from
every 30 feet was subjected fto mineralogical and chemical analysis. In
addition, each hole was logged by five down-hole geophysical methods. A total
of 338 samples were subjected to analysis for nine major oxides and 27 frace
elements with a total of 9,126 analyses. Uranium content ranged from 0.2 to
130 ppm. and averaged 2.5 ppm. Open-file reports of this exploration project
are available from the Geological Survey Division (23-30).
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In 1978, the Department of Geology and Geological Engineering, Michigan
Technological University, published a study (31) sponsored by the Department
of Energy (DOE). Tnis included a detailed account of the geology and uranium
resources of the Proterozoic-Unconformity type uranium deposits of
Saskatchewan and Australia. The Precambrian geology of varicus states
including Michigan were critically examined to determine the geological
potential of this type deposit.

The U.S. Department of Energy (DUE), under their National Uranium Resource
Evaluation (NURE) program conducted a high sensitivity airborne radiometric
and magnetic survey of the entire Northern Peninsula. The objectives of the
OOE/NURE, may be summarized as follows:

"To develop and compile geologic and other information with
which to assess the magnitude and distribution of wuranium
resources and to determine areas favorable for the
occurrence of uranium in the United States..."

As an integral part of the DOE/NURE Program, the National Airborne
Radiometric Program was designed to provide cost-effective, semiquantitative
reconnaissance radioelement distribution information to aid in the assessment
of regional distribution of uraniferous materials within the United States.

Project areas are those covered by 1 degree latitude and 2 degree
longitude topographic quadrangle maps. The guadrangles are those published as
1:250,000 scale topographic maps and cover an area approximately 96 miles in
an east-west direction and 52 miles in a north-south direction. The surveys
were conducted under contract by Geometrics, Inc. Traverse lines were flown
at a spacing of 3 to 6 miles in an east-west direction with north-south tie
lines 18 to 24 miles apart. Survey altitude was approximately 400 feet above
ground level. Numerous maps show computer plotted readings of radiocactive
uranium, thorium and potassium measurements and their various ratios plus
radicactive anomaly interpretation maps. In addition, the reports show
histograms for the freguency of counts per second for the various soil
groups. The reports cover the Hancock (32,33) and Marquette (34) guadrangles
in Michigan, the Iroun River (35) guadrangle, Michigan and Wisconsin, the Sault
Ste. Maries/Blind River (36,37) and Cheboygan/Alpena (38) guadrangles, Michigan
and the Escanapa guadrangle, Michigan and Wisconsin (39).

As a part of the NURE program, a project of hydrogeochemical and stream
sediment reconnalssance Dbasic data 1s being conducted by Union Carbide
Corporation under contract to the DOE. Stream sediment and groundwater
samples are collected and reported on a quadrangle basis as above. Values for
uranium specific conductance, boron, barium, potassium, sodium, strontium,
alkalinity and pH are listed and plotted on maps for groundwater samples.
Results for stream sediment samples are listed and plotted for wuranium,
thorium, cerium, nobium, titanium, vanadium, yttrium, zirconium.

For the Iron River guadrangle, (40) yranium in groundwater ranges from
0.0z to 220 ppb. Uranium in stream sediments ranges from 0.42 to 47 ppm. In
the Marquette quadrangle, uranium in groundwater ranges from 0.02 to
150 ppb. Uranium in stream sediments ranges from 0.049 to 11.38 ppm. The
Ashland and Escanaba reports have been released, however, they include only a
small portion of Michigan. The Escanaba quadrangle report (42) indicates
uranium in groundwater ranges from 0.12 to 75.0 ppb and in stream sediments
from 0.27 to 5.6 ppm.
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D. Uranium Occurrence Conclusion

Various surface surveys and subsurtace drill hole exploration programs in
Michigan over the past 30 years have nol been successful  in locating a
commerclal uranium deposit. Numerous surface and acrial radioactivity surveys
have been made and exploration drilling has been conducted in Baraga,
Chippewa, Dickinson, Gogebic, Iron, Marquette, Menominee and Ontonagon
counties. A total of 134 holes have been drilled. Samples from uranium
occurrences have indicated uranium contents up to a few tenths of one
percent. However, such occurrences have been very small and localized
concentrations.

A major portion of the world's known uranium reserves are in Precambrian
rocks. These include the type deposits generally classified as guartz-pebble
conglomerate; Proterozoic unconformity related; disseminated magmatic,
pegmatitic and contact; and vein. The Precambrian age rocks of northern
Michigan are lithologically diverse and structurally complex. They display
geological environments and features common to the above named types of
deposits. It is therefore concluded that it is realistic to assume that the
geologic potential for uranium deposits of economic volume and grade exist in
Michigan Precambrian age rocks. However, a limiting factor in the search for
uranium in northern Michigan is the lack of surface bedrock exposure due to a
deep cover of glacial deposits.

IV. ENVIRONMENTAL IMPACTS AND REQULATORY FRAMEWORK ASSOCIATED WITH URANIUM
EXPLORATION

Exploration Impacts

It is known that the level of radiocactivity at the drill sites may
increase above the local background level in the process of drilling and
sampling the hole (43). A question has been raised as to the human health
significance of this radiation exposure. Individuals wonder if the increase
is a radiation hazard to the workers and general public. It has been stated
at the public hearings that it is and, therefore, exploration drilling for
uranium should not be allowed in the upper peninsula.

Part of the opposition to the state leasing mineral rights for uranium is
the fact that this will lead to more exploration drilling. This, in turn,
would increase the chance of the inadvertent release of radioactive solids and
gases into the groundwater supplies and atmosphere. This concern is addressed
here.

Historically, the uranium industry has used drilling as an important tool
in the exploration and development of uranium projects. Drilling activity has
varied over the years. In 1948 surface drilling in the U.S. totaled 210,000
feet. One-hundred-thousand (100,000) wuranium exploration holes were drilled
in 1978 in the United States and this amounted to the all-time exploration and
development drilling yearly maximum of 41 million feet. 1In 1979 exploration
drilling totaled 26.8 million feet and represented 66 percent of total
drilling (exploration and development) conducted (44).

While ‘it is not possible to predicate the extent of future exploration
drilling in the upper peninsula, it appears the use of drilling will be less
than previously experienced in the western states for the sandstone
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formations. In a paper presented at the Uranium Resource/Technol i

f 0 seminar
in Golden, Colorado (March, 1980), James F. Davis made the gﬂbllowing
observations (45).

"For all of its history, uranium exploration in the
United States has been dominated Dy the search in the
sandstone environment. Recently, however, spurred by the
fantastically high grade discoveries in Australia and
Canada, U.S. explorationists have been reexamining their
gxploration philosophies and strategies and devoting an
increasing amount of time and money to the search in the
so-called "hardrock" environment. The transition is slow
ana sometimes painful for the explorationist, as the
techniques can substantially differ from exploration in the
sandstone environment--the drill is replaced by geoloyic
mappiny as the primary data base source; the geologist is
suddenly called upon to become a surface rather than a
subsurface specialist. Insteag of depositional
environments, he must understand structural complexities
and metamorphic gradients. Orilling is much more costly
and every hole must be planned carefully. Gone is the
luxury of drilling several hundred (or  even several
thousand) holes per year. Drill footage is no longer a
measure of exploration. More money 1is spent on qeopﬁysics
and geochemistry, as well as geologic mappiné, in an
attempt to best determine where the costly drill holes will
be placed."

The wupper peninsula of Michigan is one of those “hardrock" geologic
envirocnments,

Prior to any decision to mine uranium, an ore body of sufficient sjize and
quality (percent of uranium oxide) must be located.  Although wuranium is
widely disseminated throughout the earth's crust, it wusually is present in
relatively small quantities. However, certain geographic areas have higher
concentrations of uranium. These are relatively rare. The purpose of uranium
exploration is to locate these rare uranium deposits and evaluate their
commercial viability.

1. Aerial Surveys

.Field uranium exploration procedures include aerial and ground surveys.
Aerial surveys consist of systematic flights over a defined gecographic area
with radiometric equipment to measure the relative gamma ray emissions from
Fhe earth. In 1969, 130,000 miles were flown with the majority of the flights
in the western Unitea States (44). Such flights measure the background gamma
radiation in the earth's crust. They do not involve mechanical disturbance of
the earth's crust. Consequently, there is no environmental impact associated
with it other than consummation of aviation fuel and combustion thereof.

2. Ground Surface Surveys

Ground surveys involve the systematic mapping of a given area to identify
the pattern of background radiation. In this manner areas with higher
potential for uranium deposits are separated from arcas of lower potential.
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This type of survey involves the measurement of gamma ray emmissions by
driving or walking over the area of interest with radiometric equipment and
with electromagnetic equipment to measure the magnetic characteristics of the
underlying formations. Again, as in aerial surveys, the earth's crust is not
substantially disturbed. There is no increase in radiation hazard to the
environnment or human health. There is nou disturbance of the earth's crust to
alter the naturally occurring radiation fluxes emanating from it.

A ground survey will also involve the collection of water, soil and rock
samples for further laboratory analysis. The collection of samples is as
simple as wading into a stream to remove small quantities of stream sediment
or removing small soil and rock specimens from existing geologic outcropings
or abandoned mining sites. This involves a minimal disturbance of the earth's
crust and poses no radiation hazard. Similar types of samples are taken
routinely by foresters, aguatic biologists and geologists in carrying out
their research and management programs unrelated to uranium exploration.

3. Ground Subsurface Surveys

In addition to surface sample collection, subsurface samples are often
taken from the bedrock. To obtain a subsurface sample, an exploration hole is
drilled. The holes are often three to six inches in diameter and can range in
depth from just below the surface down to 1,200 feet (46). The specific depth
can vary with each hole. Depending on the kind of samples desired, either a
core or a rotary hole 1is drilled. Generally, the holes are vertically
drilled, but the orientation can vary up to 40 degrees from the vertical
position. This type of drilling is not unigue to uranium exploration. It is
essentially the same process as drilling water wells and similar to
exploration drill holes used in the search for nonradiocactive base metals.

The exploration operation is carried out in three steps; site preparation,
drilling activity and site restoration. Generally, an area of 2,000 square
feet is cleared to allow for operation of the drilling equipment, mixing of
the drilling mud and containment of drill cuttings. Where possible, existing
roads can be used to bring the eguipment into and out of the drilling site.
However, in some cases, off the road eguipment may be used to reach a remote
site or a temporary road may be constructed. If drilling is done in the
winter over frozen ground, often the heavy equipment can be moved on skids
without the need to construct temporary roads.

The actual drilling involves the cutting of the hole, removal of core
and/or cutting samples for laboratory analysis and electrical log analysis of
the hole. The drill cuttings removed from the earth in the process of
drilling can be stored in small pits adjacent to the hole. Upon completion of
the hole and data collection, the cuttings can be buried in the pits by
covering with the topsoil removed in the process of site preparation. The
site can be graded and leveled and seeded. The temporary roads removed and
reclaimed to original state or are left open at the discretion of land owner.
Usually, each exploration hole can be drilled in two to four days (46)
including sealing of the hole.

In any drilling activity, the driller is faced with the possibility of
contaminating a potable groundwater aguifer by intermixing with contaminated
groundwater (naturally or man-induced) through the connection established by
the drill hole. 1In the process of drilling the vertical integrity of the
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geological formations is altered. This is an inevitable consequence of
drilling. It occurs with all drilling, but the degree of disruption varies
with the type of geological formations encountered.

In order to minimize the probability of vertical contamination as drilling
is in process, the driller can place pipe in the hole to line (case) it.
Then, upon completion and abandonment of the hole, it can be sealed with
cement to prevent escape of gases, liguids and solids to the surface.

Figures 6 through 9 illustrate a typical method to drill and cement an
uranium exploration test hole. Rocky Mountain Energy Company has developed
and followed this procedure in Minnesota under state supervision.

Figure 7 indicates the initial drilling in the glacial till. A tri-cone
rock Dbpit is wused to cut through the till and a bentonite mud slurry is
injected around the drill to stabilize the hole. This system will be used
until the uncerlying precambrian bedrock is encountered. Once the driller has
encountered the precambrian bedrock, a casing of pipe will be set in the
hole. This will provide a good seal between the bedrock-glacial till
interface. It also will prevent sand and gravel from the glacial till
entering the drill hole and producing bending and excessive wear on the drill
rods (Figure 8).

Upon completion of hole and collection of in hole data as well as sampling
of the cuttings, the hole will be abandoned. In order to seal the hole and
restore the vertical and lateral integrity, cement will be pumped into the
hole until it is filled to the bedrock-glacial till interface. The drill rods
are then removed from the hole and the casing is freed from the bedrock.
Cement is then pumped in again until it is sealed at the surface (Figure 9).
The cementing and sealing process may take 8 to 20 hours.

4. Health Impacts of Uranium Cxploration

There are btwo populatlons of concern when consldering the health effects
of uranium exploration; occupational workers and the general public. In
relation to uranium exploration, the potential and actual release of radon gas
from an open drill hole and its health impact is the major public concern. In
the summer of 1980, the University of Wisconsin - extension service, through
the Ecological and Natural History Survey, prepared a report on the safety
issues associated with uranium exploration for the Wisconsin Legislative
Mininy Committee and Sub-committee on uranium exploration safety (47).

The report identified three ares of potential radiological exposure to the
general public; groundwater contamination, mud pit contamination and radon
release to the atmosphere. The conclusions reached were based on the
development of a "worst case exposure" model for exploration drilling. That
is, in calculating the potential exposures to drilling personnel, exploration
geologists and the general public, it was assumed that the exploratory hole
would encounter a "high-grade® uranium deposit (the richest uranium ore zone
currently mined). In addition to this "worst case" assumption, a range of
potential exposures was estimated on the basis of a typical uranium deposit
likely to be encountered in geologic settings similar Lo northern Wisconsin.

The uranium concentration for the "worst case" and "typical deposits" are
7.7% and 0.3% UsUg, respectively. The high value is based on known values
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identified in the Cluff lake orebodies in Saskatchewan, Canada, while the
typical values are based on orebodies in Washington and Colorado. The report
also calculated the potential for radiation hazard from the three principal
methods of wuranium drilling; diamond-core, rotary-mud and rotary-air
drilling. The report compared the exposures calculated for uranium
exploration with human exposure from other radiation sources including natural
packground radiation levels. It also compared the exposure from uranium
exploration to existing federal exposure standards.

a. Exploration Worker

Presently, the annual natural  backyground  general  populalion  radiological
expusure 1s about 105 wmrem. fThe stondard for general public exposure is
presently 500 mrem/year excluding the background exposure. Potential

radiation impact of exploration workers per drill hole is significantly below
the 500 mrem per year occupational standard based on the data in table 5.

If a driller usea the diamond-coring drill method, he/she would have to
work at about 1,111 individual drill holes per year to reach the permitted
amual exposure of 500 mrems. Each hole would have to encounter a uranium ore
body equal to seven percent UsUg as used in the worst case exposure. If
"typical deposits"™ of 0.3 percent uranium content was encountered, a driller
would have to work on about 50,000 exploration holes per year.

The rotary-air drilling method, under the model posed here, would result
in the greatest radiological exposure to the driller. A driller could only
work at about 37 individual drill holes for "high-grade" deposits and about
1,388 individual exploration holes for "typical" deposits before approaching
the annual radiological exposure limit.

The driller would have higher radiological exposure than the geologist
with the rotary-air darill method while diamond-coring and rotary-mud drilling
methods would result in greater radiclogical exposure to the geologist on
site. This is primarily due to the subsequent storage and analysis of the
uranium-bearing material by the geologist. For example, a geologist would
have to work on about 80 individual drill holes with the diamond-core drill
method to reach the amnual radiological exposure of 500 mrems for the
"high-grade" deposit and work at about 4,166 individual holes with a "typical"”
deposit. Thus, with the proper monitoring by exposure badges and rotation of
personnel, the risk of potential radiation hazard to the uranium exploration
drilling crews and geologists is minimized and should not pose a significant
health risk. The following except from the Wisconsin report explains this
conclusion (47).

“"rkadon emanation from boreholes produced by rotary-mud and diamond-core
drilling is considered insignificant because of the slow rate of radon
emanation and the typical coating of the borehole with mud. Radon gas is
heavier than air and this further indicates radon release from a borehole is
not significant. In addition, boreholes are not left open for any significant
period of time in Wisconsin as per the Department of Natural Resources'
requirements for temporary and permanent abandonment of drillholes."

Radon impact to the driller assumes dispersion of the air in and about the
drill site as a result of normal air movement. Thus, the total radon impact
results from radon brought to the surface over the length of time it takes the
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drill bit to move through the uranium-pearing material.
worker's breathing zone is assumed to have in any particular
that has peen released by the drill bit in the previous mi
thus, the compressed air continuously replenishes the rado
breathing zone, but the concentration temains constant as the previousl
relegsed'radon moves out of the breathing zone, is diluted by the atmos herey
and 1s dispersed away from the drill site and driller personnel. " ’

The air in the
minute the radon
nute's drilling.
N supply in the

Table 5. Potenﬁial Radiologic Exposurel of Exploration Workers
Resulting from Uranium Exploration Drilling,

Drilling Method Worker

"High-grade" "Typical"
Deposit Deposit
Diamond-coring Driller 0.45 0.01
Geologist 6.2 0:12
Rotary-mud Driller nil nil
Geologist 2.3 0.04
Rotary-air Driller 13,4 0. 36
Geologist 2.3 o:oa
Radon 3.0 0.08

(driller only)

1 Units are mrem per drillhole
4 Units are working level-hours
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"The radon is assumed to be in equilibrium with its daughter products for
the purpose of calculating working levels (wL) of exposure of driller
personnel. This assumption is plainly inaccurate and over-estimates the
individual's exposure. However, the assumption greatly simplifies the
calculation and is in keeping with the spirit of this memo to assume the
"worst cause" situation where there is any questions of the amount of
exposure."

"Radon exposure to the exploration geologist handling core and cuttings in
the open air is imsignificant, but radon levels in a storage/study facility
may pose a potential hazard. this hazard is not significant if the facility
is well-venelated. Measurements of radon in a core shack in tritish Columbia
at an exploration site showed 0.005 WL, which 1is four times less than the
Canadian federal limit of 0.02 WL for a member of the general public (British
Columbia and Yukon Chamber of Mines, 1980). Ore grades associated with this
exploration site are lower than those modeled for this memorandum, however.
No further attempt is made here to evaluate the potential exposure to radon in
a storage/study facility, but adequately ventilated facilities probably pose
no hazard to workers."

b. General Public

Since the general public will normally not be present during the actual
drilling operations and are not normally involved in the handling and analysis
of uranium bearing samples, the potential for radiclogical exposure is
associated with the mud pit, radon in the atmosphere and potential groundwater
contamination. The exposure to the general public from the mud pits is not
considered significant. For example, in the ‘"worst case" situation,
radiological exposure from the mud pit is 0.3 mrem/hour. This means an
individual would have to be within 1 meter (about 3 feet) of the mud pit for
over 1,500 hours (about 9 weeks) to absorb a radiological dose approaching the
permitted 500 mrems/year annual limit.

Radon release from the drill hole is a source of atmospheric exposure to
the general public, but it is not a significant increase above background
radon levels as it mixes with the atmosphere and moves away from the drilling
site (47).

"Since the borehole is not left open for any significant period of time,
the general puplic's exposure potential to randon results from the drilling
process itself. Radon would appear to be a problem of concern only for
rotary-air holes, since the opportunity for radon release into the atmosphere
is significant in any way only for this type of drillhole. Certainly, some
geration of radon entrapped in mud and water associated with coring or
rotary-mud drilling would occur at the point of slurry release into the
mudpit; however, this aeration would not be 100 percent and modeling the
assumed 100 percent effective release of radon from rotary-air drilling
appears to be the "worst case". Based on the preceding, the general public's
exposure to radon would be equal to the toal release of radon, diluted by the

compressed air, and further diluted and dispersed in the open air about the
drill site."

"Extreme diurnal, seasonal, and other temperature variations associated
with  climatic and meteorologic conditions greatly complicate any
straight-forward calculation of radon exposure downwind from a drilling area.
Several studies of radon dispersion demonstrate that radon concentrations and
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working level measurements decrease with increasing distance from this source
(as well as being a function of climatic and meteorologic factors). For
example, data on radon concentration in the vicinity of an wranium mill in New
Mexico shows a ten-fold decrease in air radon cocentration at distances of 500
to 3,000 meters from a tailings pile. Because radon released from a drillhole
is much less to begin with, the phenomenon of dilution and dispersion with
distance indicates that general public exposure to radon as a consequence of
uranium exploration drilling in remote areas is not a significant problem.®

C. Groundwater Contamination

The potential for ground water contamination was also assessed in the
Wisconsin report (47).

"Concern with the contamination of groundwater aguifers centers around the
introduction of natural uranium into aquifers as a result of drilling into
uranium-bearing material and subseguently "losing" drilling fluid into an
aquifer. Other concerns that have been expressed, specifically interaguifer
communication along the borehole, does not appear to be a significant concern
because (1) State of Wwisconsin abandonment procedures are designed to
eliminate this possiblity, and (2) if the abandoned hole does lose its
integrity (cement deteriorates permitting wmovement of water along the
borehole), the amount of uranium introduced from one aquifer to another is
within acceptable health standards (see calculations below).

Potential contamination of ground water via introduction of drilling fluid
into an aquifer is unlikely, particularly in systems using a mud slurry to
cool the drill bit and bring cuttings to the surface. The mud tends to seal
the borehole and if fluid loss does nonetheless occur, the driller can detect
this loss ana drilling stops to permit additional steps, such as cementing the
borehole and allowing cement to move a short distance into the perous rock or
open fissure that was causing the driliing fluid loss. Besides the sealing of
boreholes with mud or cement, exploration boreholes are generally cased (lined
with metal pipe that just fits inside the hole) as the hole is drilled.
Casiny alone eliminates any signitficant possibility of driliing fluid loss,
especially if the casing 1is adequately cemented into the bedrock below the
overburden.

Assuming, however, that drilling fluid loss does occur, the following
calculation estimates the impact on the groundwater. Given a nominal three
inch diameter hole 300 meters in length and the mudpit dimensions noted .
previously, the volume of drilling fluid involved is approximately 30 cubic
meters. Following the assumption that 3 ppm natural uranium is dissolvable
into yroundwater and 10 percent of the drilling fluid is lost (see Wells 1979;
note that the solubility of uranium and percent-loss of drilling fluld are
very high, "worst case' estimates), the following relationship derives:

1 g natural uranium = 6.77 x 10% pCi (Hersloff, 1980),
2 x 106 cm? of drilling fluid loss contains 6 g U-nat,

L B 05 2 Bl
6.9 y-ral x 6.77 x 105 —BEL_ . 2P0
2 x 10P cm g U-nat cm?/
The maximum permissible  concentration of  natural  uranium  (MPUy)

dissolvea in water is 2 x 10-> microcuries per cubic centimeter of 20
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pClen®.  1Inis MFCy also considers Uwe chemical toxicity of the long-;iveu
uranium nuclides (see Table 1, p.86 of NRP Report hb._22w(l959), occupat}onal
exposurers allowed are divided by 10 to derive permissiple non-occupational
exposures).

The natural uranium introduced into an aguifer is less by a factor of.at
least 10 of the maximum permissible concentration. Therefore, thg po@entlal
for groundwater contamination as a result of uraniuqn exploration is not
considered a significant problem, especially in view of the liberal
assumptions made for uranium solubility and drilling fluid loss.

The respective radon concentration released by'dr@lling into high«grade
and typical deposits both exceed the maximum permissinle concentrations gf
Rn-227 in air, accuording to NORP Report No. 22 (1959, table 1). ‘However, th1§
table of MPCy; is for 40 hours per work-week or 168 hours per week of
continuous exposure. The MPC's listed insure that maximum permissible body
burdens for a particular radionuclide are not exceeded over a‘BO—year span of
continuous exposure. The relatively instantaneous exposure of personnel on a
drillrig cannot be compared to recommended levels of continuous exposure over
50-year time spans.

The use of MPC, is reasonable, however, for natural uranium dissolved in
groundwater as a result of drilling fluid loss intc an aguifer. The MPC,
for soluble natural uranium used for comparative purposes in this memo is for
continuous exposure over a normal 168 hour week for. 50 vyars. qu slow
movement of groundwater suggests the dilution of uranium released into an
aquifer may be so low as to permit the asssumption that the uranium
concentration in the "contaminated" aquifer remains reaspnably constant for‘a
period of time that is commensurate with the assumptions in the MPC, for
soluble natural uranium.”

B. Regulatory Framework In Wisconsin And Minnesota For Uranium Exploration

based on this Wisconsin report, where the "worst case" conditions were
employed to estimate worker and general public radlgtlon exposure guring
uranium exploration arilling, the radiation bazard is  shown t0~ pose n?
significant health risk. However, this study.ls based on timely sealing o
the drill hole after completion of data collection.

In order to insure adequate and timely sealing of the Qrill hqlgs.the
State of Wisconsin regulates uranium along with other drll%lng activities.
Their regulations require a driller to have a license to drill for mepalllc
minerals and obtain a $5,000 bond for faithful performance and reclgmatlon of
drill sites. The driller must permanently seal the hole, ugually wlth §ement
and the site is inspected by state personnel to insure compliance with license
conditions (5).

In response to the public concern over uranium gxploration ;n Minnesota,
the Minnesota legislature passed a mineral exploratloq statute in 1980. It
requires the 1licensing of mineral explorers, estapllshment 'of erll hole
sealing and abandonment procedures and state_iqspectlon of drill sites. The
major provisions provide for the following activities (3).
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-Require that a mineral explorer secure a license from the Minnesota
Health Department in accordance with existing regulations (anyone
supervising drilling must first pass an examination on water well
construction, unless the supervisor is a registered professional
engineer in Minnesota or a certified professional geologist.)

-Require that 30 days prior to the start of drilling an explorer
register with the Minnesota Depattment of Netural Resources.

-Require that 10 days prior to the start of drilling an exploration
firm submit to the Minnesota Department of Natural Resources a county
road map showing the location of each boring.

~-Provide state and county officers and employees rights of access to
drill sites for inspection and sampling of air and water.

-Require that the firm submit an abandonment report to the Minnesots
Health Department and the Minnesota Department of Natural Resources
within 30 days of temporary or permanent abandonment.

C.  REGULATORY FRAMEWORK IN MICHIGAN FOR URANIUM EXPLORAT ION

1. Llocal Covernment

County, township and municipal governments can regulate mineral
exploration and mining through the power of zoning established by the County
Rural Zoning Enabling Act (P.A. 183 of 1943). Local governments can impose
standards or criteria upon proposed exploration. Since the mineral owner has
a strong property right to the recovery of minerals, local zoning ordinances
cannot totally prohibit such activity.

The purpose of local zoning is to prevent creation of nuisance situations
resulting from the presence of incompatible land uses. A zoning ordinance
cannot, in general, prohibit any specific land use within a county or
municipality unless it is shown that there is no location within the county
where the use may be appropriately located.

The county zoning ordinances on mining currently in effect in Michigan
typically set standards on noise, dust control, visual screening, operation
and reclamation plans and protective fencing.

The fact that exploration could take place on state land would probably
not eliminate local zoning control. The Michigan Supreme Court ruled that
state lands are immune from the provisions of local zoning ordinances only
when there is clear legislative intent that a state -agency 1is to have
"exclusive jurisdiction" over such an activity (Dearden v. City of Detroit,
Michigan Supreme Court, August 1978). This does ot appear to be the case
with uranium mining on state land.

It is possible that a zoning ordinance could be written to drastically
restrict or forbid uranium mining. In order to uphold the legality of such an
ordinance, it must be shown that the ordinance is not unreasonable in its
regulation of an activity and it is consistent with the protection of the
public health, safety, or welfare of the citizens in its Jurisdiction,
Presently, most counties in Michigan do not have zoning ordinances for
metallic mineral mining. The public reaction to propused uranium mining may
Cause such ordinances to be promulgated.
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2. State Government

Uranium exploration drilling on public and private land is subject to
regulatory control in Michigan. Any drilling must be carred out in compliance
with the Mineral wells Act (P.A. 315 of 1969) which is administered by the
Department of Natural Resources, Geological Survey Division.

Under the provisions of this statute a mineral well includes four types of
wells; disposal, storage, brine and test wells. Uranium exploration would be
considered either a general test well or a geophysical test well since it is
arilled to determine the physical presence of uranium bearing orebodies.
Although all four types of mineral wells must meet specific requirements and a
permit issued before the actual drilling and use of the well, only the
statutory standards and rules applicable to uranium exploration drilling will
be discussed here.

The supervisor of mineral wells (state geologist) must approve and issue a
permit before an operator can drill a test well. The operator is required to
submit the following information in a written application.

1. A description of the exact location of the proposed test well on a
map or plat.

2. The map or plat of the well area should indicate the relationship of
the proposed well to lakes, streams, swamps, drainageways, other
wells, buildings, streets, highways, pipelines, power- and other
utility lines, railroads and other features within 300 feet of it.

3. A detaliled description ofthe proposed well construction.
4, A detailed description of the proposed drilling procedure.

5. A detailed description of the proposed plugging and abandonment
procedure.

6. A description of the approximate depth of the hole.
7. Proof of acquisition of a surety or security bond.

8. A stake or marker is set at the proposed well site to mark the exact
location in the field.

9. An organization report is provided if required.

This information must be provided for each proposed well site. However, the
statute allows for the granting of blanket permits in a limited geographic
area. A blanket permit may be issued for test well drilling and geophysical
test holes. If it is issued for test well drilling, the operator is limited
to arilling no more than 200 test wells in an area not to exceed nine square
miles (1/4 of a township) as part of a geological test program. Under a
geophysical test blanket permit an operator is also limited to no more than
200 holes except as authorized by the supervisor and the maximum area covered
by each permit can be no larger than one county. The permit can restrict the
area covered to less than one county for geologic reasons.
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- In order to obtain a blanket permit for a test well the i
submit the following information in a written application, Gritler mst

1. A description of approximate number and locations
of
test wells on a map or plat. the proposed

2. A description of the proposed depth of the proposed wells.
3. A detailed description of the proposed well construction.
4, A detailea description of the proposed drilling procedure.

5. A detailed description of the pro osed plugygi ¢ ‘
oot lec pProp piugging and abandonment

6. Proof of acguisition of a surety or security bond.

Since a blanket permit for geophysical testin
1nce G Can cover a la
geographic area (one county) than a blanket permit for test wells (1/4 Ogg:
township), the driller must provide, in addition to the information reguired

for a Dblanket test permit, the followin i i ; <
application. ’ 9 information in the written

1. Thg dr;%éing plan nmif proposed alternative methods of plugging to
cope wi various soil and water conditions within th
covered by the permit. ° area to be

2. The drilling plan shall specify criteria to be used i ini
which plugging method is applicable. n determining

3. The proposed drlling pattern of the wells,

Both types of blanket permits are valid for n : his
) S ot more i 2ar  anc
expire on December 31 of the year issued in. ore than one year and

Since a test well is defined in the statute
core Fest, observation well or other well drgiiegea?rgz W?ié, ;ﬁ??ZCEOlié
dete?mlne the presence of a mineral, mineral resource, gore or rock unit, an
uranium exploration drilling program could be conducted under eithe£ an
individual test.well permit.or.under either of the blanket permits. In either

The purpose of the act is to prevent surface or underground wast

fo;mer is deflneq as damage to, injury to, or destruction gf surface iatelge
soils, annual f}sh‘ and aquatic life or surface property from unnecessar§
seepage or loss incidental to or resulting from the drilling and operating of
brine, storgge, disposal and test wells. Underground waste is defined as
damage or injury to potable water, mineralizeg water or other subsurface
Lesources. Ihus, the statute allows the supervisor to include drillinu ﬁﬁd
operating conditions in a permit to prevent surface and underground wasﬁé.; (

Based on a field review of the proposed test well locati i
. d | ] ] ations and a ]
of the information in the written application, any or all of the folisxigg
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