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DEPARTMENT OF THE ARMY
ST. PAUL DISTRICT. CORPS OF ENGINEERS
1135 U. S. POST OFFICE & CUSTOM HOUSE
ST. PAUL. MINNESOTA 55101

IN REPLY REFER 7O

NCSED-ER ' 18 April 1977

Inclosed is a preliminary copy of the final envirommental impact
statement (EIS) on Reserve Mining Company's proposed power plant
discharge, delta stabilization dike, and on-land taconite tailings
disposal site. We request that you hold this EIS as reference
material in order to allow the public ample access to it.

Because of the widespread interest in this statement and the up-
coming public hearings on Reserve's proposal, the EIS is being
distributed concurrently with its review by higher authority within
the Corps of Engineers. Until after the public hearings have been
held and the EIS has been reviewed and approved by higher Corps
authority, the statement must be considered a "preliminary"

document. Should the public hearings and subsequent EIS review result
in any revision to the EIS, the revised pages will be sent to you.

When the EIS does receive approval, it will be filed with the
President's Council on Environmental Quality and a notice of
availability will be published in the Federal Register. You will
be notified when the EIS is placed on file but this action is

not expected for about 2 months. On the date of that notice, a
final 30-day review period will commence. No administrative action
will be taken on Reserve's proposal until the final review period
has ended.

We would like to thank you in advance for your assistance. ILf you
have any questions, please contact us.,

Siﬁcerely,
FawsiL s
1 Incl FORREST T. GAY, ITI
EIS . Colonel, Corps of Engineers

District Engineer
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DEPARTMENT OF THE ARMY
ST. PAUL DISTRICT. CORPS OF ENGINEERS
1135 U. S. POST OFFICE & CUSTOM HOUSE
ST. PAUL. MINNESOTA 55101

IN REPLY REFER TO

NCSED-ER 17 May 1977

UUn ’%f»

The final environmental impact statement on Reserve Mining Company's
permit applications, which was mailed to you earlier stamped "pre-
1iminary," has been noted in the Federal Register. A final 30-day
review period will now commence. No administrative action will

be taken on the proposal until the review period has ended, on 16
June 1977.

The impact statement need no longer be considered a "preliminary"
document since it has been noted in the Federal Register. We
recommend that you attach this letter to your copy of the statement,
so that anyone reviewing it will be aware of its status.

Sincerely,
FORREST T. GAY, III

Colonel, Corps of Engineers
l District Engineer

FOREWORD

This final statement considers the environmental impacts associated
with authorization of Federal permits necessary to install a power
plant cooling water discharge pipe; to stabilize a taconite tailings
delta on Lake Superior; and to develop an on-land taconite tailings
disposal area, as proposed by Reserve Mining Company at Silver Bay,
Lake County, Minnesota.

After receipt of the Reserve Mining Company permit applications, public
notices were issued which described the proposed activities and requested
comments from agencies and the interested public on the pending

permits. These public notices offered an opportunity to recommend

any appropriate conditions that should be placed on these permits

should they be granted, and the opportunity to request a public

hearing.

Upon evaluation of the Reserve Mining Company permit applications and
information submitted therewith, the District Engineer determined that
the proposed project would have significant impacts upon the human
environment. Therefore, a draft environmental impact statement

(EIS) was prepared by the St. Paul District, Corps of Engineers and
circulated to Federal, State and local agencies and interested

groups and individuals, who were invited to comment ON the draft
statement. .

After receipt and consideration of comments on the draft statement,
the Corps prepared this final environmental statement, which includes
a discussion of questions and objections raised by the comments, and
final analysis of the environmental effects of the facility and the
alternatives available for reducing or avoiding adverse environmental
effects. It also treats the environmental, economic, social, and
other benefits of the proposed activities.

Each of the parties commenting on the draft EIS and receiving the final
EIS, or those commenting on the above mentioned public notices, will
receive another public notice or clarifying statement regarding final
disposition of the Corps permit actions. 1t is presently anticipated
that a final decision with respect to these and other matters pertaining
to the applicant's permit request will not be made until resolution

of the current State of Minnesota/Reserve Mining impasse.

This final EIS was prepared in response to the requirements

of the National Environmental Policy Act of 1969 (NEPA). It was
prepared in accordance with the requirements of the Department of

the Army, Engineers Regulation 1105-2-507 dated 15 April 1974 and
Council for Environmental Quality (CEQ) guidelines dated 1 August 1973.
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The NEPA states, in part, that it is the continuing responsibility
of the Federal Government to use all practicable means, consistent
with other essential considerations of national policy, to improve
and coordinate Federal plans, functions, programs, and resources
to the end that the Nation may:

Fulfill the responsibilities of each generation as trustee
of the environment for succeeding generations.

Assure for all Americans safe, healthful, productive and
aesthetically and culturally pleasing surroundings.

Attain the widest range of beneficial uses of the environment
without degradation, risk to health or safety, or other
undesirable and unintended consequences.

Preserve important historic, cultural, and natural aspects of
our national heritage, and maintain, wherever possible, an

environment which supports diversity and variety of individual
choice.

Achieve a balance between population and resource use which

will permit high standards of living and a wide sharing of
life's amenities.

Enhance the quality of renewable resources and approach the
maximum attainable recycling of depletable resources.

Further, with respect to major Federal actions significantly affecting
the quality of the human environment, Section 102(2)(c) of the
NEPA calls for preparation of a detailed statement on:

(i) The environmental impact of the proposed action,

(i1) any adverse environmental effects which cannot be
avoided should the proposal be implemented,

(iii) alternatives to the proposed action,

(iv) the relationship between local short-term uses of the
human environment and the maintenance and enhancement
of long-term productivity, and

(v) any irreversible and irretrievable commitments of resources
which would be involved in the proposed action should
it be implemented.

Pursuant to regulation ER1105-2-507, the Department of Army, Corps
of Engineers, has prepared this detailed statement on the foregoing
considerations with respect to its assignment in determining whether

Federal permits should be granted to allow implementation of the pro-
posed activities.

ii

SUMMARY
ENVIRONMENTAL IMPACT STATEMENT

PROPOSED POWER PLANT DISCHARGE STRUCTURE, DELTA STABILIZATION DIKE,
AND ON-LAND TACONITE TAILINGS DISPOSAL SITE

RESERVE MINING COMPANY

SILVER BAY, LAKE COUNTY, MINNESOTA

i i 1 Statement
() Draft (X) Final Environmenta

1. Name of Action: (X) Administrative () Legislative

2. Description of Action: Reserve Mining QOmpany proposes to .
install a heated water discharge structure in Lake Super10¥. This
structure would enable Reserve's Lakeside Power Pla?t to dlscharge'
approximately 106,000 gpm of A T12°F cooling water into Page Superior.
The delta stabilization dike would be an attempt to stabilize the
tailings delta at Silver Bay and prevent the furthef re%ease ?f .
fibers into Lake Superior. Reserve proposes to modify %ts existing
taconite operation to convert from in-lake to ontland dlsposal'of
taconite tailings. This would require modification t? geserv? s .
Silver Bay plant, construction of dams to for@ the talllngs disposa
basin, construction of rail and truck access into Fh? basin area,
and construction of a pipeline to tramsport the tailings to the
tailings basin. The project life is projected at 40 years.

3. a. Environmental Impacts: Implementation of the proposed action
would allow Reserve to continue the production of irom ore pgllets
at about the same rate as at present. The features of the'dlsposal
area have been designed to minimize the air and watgr quallty
degradation as much as possible. The primary bene§1t§ associated
with the continued operation of Reserve are economic 1n nature,
through employment and tax revenues. Reserve's p¥od?ction accounts
for approximatley 12 percent of the annual domestic iron ?re pro-
duction in the United States. The cessation of in-land d%sposal
would improve the water quality of Lake Superior by remoYlng the
source of fibers now being discharged into the lake. This would
aid in reducing the existing health hazard from the waterborne
fibers as decreed by the Eighth U.S. Circuit Court of Appeals.

b. Adverse Environmental Effects: The implementation of the.
proposed cooling water discharge plan would have minor, locall?ed
impacts upon planktonic organisms in Lake Superior. Construction
and implementation of the on-land tailings disposal plan woulé
result in the total loss of 9.7 miles of cold-water streams with
degradation of additional stream miles from siltation and
channelizing.
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Uncollected seepage of 180 gpm from the disposal area would carry
precipitable solids and possibly fibers into the groundwater. About
5,850. acres of terrestrial habitat would be destroyed along with
most of the wildlife using this habitat, which is presently of
moderate quality for game species. About 4,420 acres of public land
would be used along with 3.9 miles of State designated recreational
trails and 8.1 miles of nondesignated recreational trails. The
recreational value of nearby park and recreation areas could be
diminished. There would be particulate and fiber emissions from

the basin, constituting a health risk to the residents of the

area. There would be an increase in noise levels surrounding the
disposal site but no structures exist in the area that would be
affected. Energy in the form of hydrocarbon fuels would continue

to be expended in the production of the iron ore product. " The
productivity of the land in the basin would be destroyed and

could not be fully restored even with reclamation after the

end of the project.
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AND ON-LAND TACONITE TAILINGS DISPOSAL SITE
RESERVE MINING COMPANY
SILVER BAY, LAKE COUNTY, MINNESOTA

INTRODUCTION

The purpose of this statement is to assess the environmenFa% impacts
associated with three interrelated proposals by Reserve Mining Company
that require Department of the Army permits. Reserve pr?poses to '
install a heated water discharge structure in Lake Supeflor; to stabil-
ize the tailings delta at Silver Bay with a mine rock dlke;'and to
establish an on-land disposal site for taconite tailings (Mile Post 7.

1.000 PROJECT DESCRIPTION

BACKGROUND

1.001 Reserve Mining Company has been processing taconite ore to
produce iron pellets at Silver Bay, Minnesota, since 1955. Rgserve
is jointly owned by Armco Steel Corporation of Middletown, O@lo,
and Republic Steel Corporation of Cleveland, Ohio. Rgserve iron
pellets presently supply about one-half of the total iron units
processed by the pagent companies, Armco and Republic.

1.002 Reserve currently mines about 30 million long tomns of crude
taconite ore annually at Reserve's open pit mine located in north-
eastern Minnesota near Babbitt. The taconite is hauled by rail 47
miles to processing facilities at Silver Bay, Minnesota, which is on
the north shore of Lake Superior. These processing facilities have
an annual production capacity of 10.7 million long tons of iron
pellets. The pellets are shipped on the Great Lakes from Silver BaY
to lower lake ports and then hauled by rail to Armco's and Republic's
steel mills.

1.003 In 1955, Reserve was the first mining company to place in
operation large scale, commercial mining and processing facilities

to produce iron pellets. These pellets are tailor-made blast furnace
feed for making iron in steel mills. The waste product, called
tailings, from Reserve's Silver Bay processing facilities have been
and are presently discharged into Lake Superior at the rate of 21
million long tons annually or 64,400 long tons daily.

1.004 This tailings discharge into Lake Superior has been the subject
of concern and criticism since the original permits were granted

by the State of Minnesota and the Corps of Engineers. Since 1969,
when the U.S. Secretary of the Interior convened the Lake Superior
Enforcement Conference, the tailings discharge into Lake Superior

and particulate emission into the air from Reserve's Silver Bay
processing facilities have been the subject of extensive public
debate, administrative proceedings, and court litigation.




1.005 On 20 April 1974, the U.S. District Court for the District

of Minnesota held that Reserve Mining Company's discharges of tailings
into Lake Superior and particulate matter into the air at Silver Bay,
Minnesota, contained fibers that endangered the health

of people exposed to the discharges (U.S. vs. Reserve Mining Co.

380 F. Supp. 11 (D. Minn. 1974)). The U.S. District Court ordered

an immediate halt to the discharges.

1.006 The U.S. Court of Appeals postponed the U.S. District Court's
closure order until it could render a decision on the appeal of the
matter after a full hearing (Reserve Mining Co. vs. U.S. 498 F, 2d.
1073 (8th Cir. 1974)). On 14 March 1975, the U.S. Court of Appeals
held that Reserve Mining Company's discharges constituted a potential
hazard to public health and ordered abatement of the discharges (U.S.
vs. Reserve Mining Co. 514 F. 2d. 492 (8th Cir. 1975)).

1.007 An important aspect of the opinion handed down by the Eighth
Circuit Court of Appeals on 14 March 1975 concerns the relative
importance of the air and water discharges. The court considers

the discharge of fibers into the air a hazard of greater significance
than the discharge of such fibers into the water. This is stated

in the court's opinion at 498 F. 2d 1073 at 500 and at 539 and at

7 ERC 1618 at 1621 and 1650. ’

1.008 The U.S. Court of Appeals ruled that the decision on the location
of an on-land tailings disposal site was to be governed by the laws

and administrative procedures of the State of Minnesota. It further
suggested that the selection of an on-land disposal site, if one

could be found which was mutually acceptable to Minnesota and Reserve,
be accomplished within one year. The U.S. Court of Appeals stated

that if no acceptable site could be found, Reserve Mining Company

would have one additional year in which to close its Silver Bay
facilities.

1.009 Since 1969, Reserve Mining Company, the Federal government

and the State of Minnesota have investigated numerous alternatives

to the present disposal of taconite tailings in Lake Superior. One
of the alternatives studied was a disposal site near Mile Post 7

of Reserve Mining Company's railroad, approximately five miles south-
west of Silver Bay. Before the U.S. Court of Appeals decision,
Reserve Mining Company, in November 1974, submitted applications

to the Minnesota Department of Natural Resources (DNR), and the
Minnesota Pollution Control Agency (MPCA) for permits to construct

an on-land tailings disposal facility at the Mile Post 7 site.

1.010 At present, the Lakeside Power Plant at the Reserve plant in
Silver Bay provides the power necessary for the Reserve taconite pro-
cessing operations. All water used in the Lakeside plant (primarily
once-through cooling water) is discharged into a sump. There it
combines with Lake Superior water being pumped into the taconite
beneficiation plant for use in the ore concentrating process. The

water is then eventually discharged back into Lake Superior with the
taconite tailings.

1.011 The change to an on-land disposal program for taconite ta%lings,
using recycled water for the concentrating procesg, would necessitate
modification of the present practice for discharging water from the
power plant. This modification would be necessary regardless‘of the
location of the on-land disposal site.

1.012 On 18 March 1975, Reserve submitted a completed permit ap?lica—
tion to the St. Paul District, Corps of Engineers, for construction

of a diffuser and heated water discharge pipe (application number
LS-192A) to facilitate the discharge of once-through cooling water
from the Lakeside plant into Lake Superior. On the same date Reserve
submitted an application to construct a breakwater (application number
LS-192B) to stabilize the tailings delta after the proposed switch

to on-land disposal of the tailings is completed. Both applications
come under the purview of Section 10 of the River and Harbor Act
approved 3 March 1899 (30 Stat. 1151; 33 U.S.C. 403) and Section

404 of the Federal Water Pollution Control Act as Amended, 1972

(PL 92-500, 86 Stat. 816; 33 U.S.C. 1344).,

1.013 On 25 July 1975 the Corps of Engineers published new regulations
in the Federal Register concerning the expansion of Corps authority
under Section 404 of PL 92-500. The expansion of this authority is
phased, with phase I beginning 25 July 1975, phase II beginning 1

July 1976, and phase III beginning 1 July 1977. As of 1 July 1977
Reserve would be required to obtain a Department of the Army permit
from the Corps to develop their proposed Mile Post 7 tailings dis-
posal basin. ¢

1.014 On 2 February 1976 Reserve submitted 26 completed permit
applications to the St. Paul District, Corps of Engineers, for the
following:

Diversion Channels

Diversion Dikes and Dams

Main Dams for the Tailings Disposal Area
Seepage Recovery Dams

Rail Spur Crossings

Construction Road Crossings

Pipeline and Road Crossing

Disposal Area for Coarse Tailings
Disposal Area for Fine Tailings

HoWww s W

These applications come under the purview of Section 404 of Public
Law 92-500. The proposed actions would be necessary for Reserve to
establish an on-land tailings disposal basin at the Mile Post 7 site.

1.015 The Minnesota DNR and the MPCA held extensive hearings on

Reserve's permit applications from 2 June 1975 through 15 April 1976.

On 26 May 1976 the State-appointed hearing officer submitted his findings,
conclusions, and recommendations. The hearing officer's final recommendation
was: "The Midway alternative is the most feasible and prudent for

on-land disposal of Reserve's tailings."
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1.016 In early July 1976 the Minnesota DNR and the MPCA denied
Reserve's applications for permits for use of the Mile Post 7
site. Reserve appealed these decisions to the State District
Court for Lake, Cook, and St. Louis Counties. On 28 January 1977
the State District Court ruled in favor of Reserve and ordered the
State agencies to grant the necessary permits to Reserve for the
Mile Post 7 site. The DNR and MPCA are currently appealing this
decision before the Minnesota State Supreme Court.

1.017 Following the denial of the permit applications by the State
agencies, the U.S. District Court for Minnesota ordered Reserve to
halt their air and water discharges by midnight 7 July 1977.
appealed this decision before the Eighth U.S. Circuit Court of
Appeals. On 28 October 1976 the Circuit Court of Appeals upheld
the District Court decision, ruling that the deadline could be

extended if a change in circumstances occurred between the State
and Reserve.

Reserve

1.018 Late in the State hearings, Reserve developed a new design
proposal for disposal of tailings to substantially reduce an antici-
pated fugitive dust problem. On 10 December 1976 Reserve submitted
revised permit applications to the Corps of Engineers, predicated

on the new design proposal.

1.019 Reserve now has 32 permit applications pending with the St.
Paul District, Corps of Engineers (see figure 1). These can be
broken down by type as follows:

Main Dams

Diversion Channels
Diversion Dikes

Seepage Collection Dams
Road Crossings of Streams
Rail Crossings of Streams
Combination Road and Pipeline Crossing
Coffer Dam

Tailing Disposal Area
Delta Stabilization

Power Plant Discharge Pipe

T =l e e Y N« N VU IRV, IO, RV

The above features, save for the delta stabilization dike, are necessary
for Reserve to dispose of taconite tailings at the Mile Post 7 site.




PROJECT LOCATION

1.020 The proposed projects are located at Silver Bay, Lake County,
Minnesota, about 53 miles northeast of Duluth along the north shore

of Lake Superior (exhibit 1). The proposed discharge structure and
delta stabilization projects are located on the shore of Lake Superior
at the Reserve complex in Silver Bay. The proposed Mile Post 7
tailings disposal site is located about 5 miles inland from Silver
Bay.

EXISTING OPERATIONS

1.021 Reserve is involved in the mining, processing, and shipping

of taconite ore. Taconite is a hard, gray rock in which are embedded
fine particles of m:gnetite, a black magnetic oxide of iron. It is
found in the geological formation known as the Biwabik Iron Formation
in northeastern Minnesota. Reserve Mining Company is oune of several
companies which mine taconite ore from the Biwabik formation and,
through a process technically known as "peneficiation,'" separate

the taconite into an iron-rich concentrate which 1is made into iron
pellets and a nearly barren waste product called "tailings.'" These
pellets provide a uniform blast furnace feed for Armco and Republic
Steel Companies, parent companies of Reserve, and the market for
Reserve's pellets.

1.022 Reserve differs from most other Minnesota taconite mining
companies, in that the mining and processing phases of its operations
are geographically separated. The beneficiation process occurs

at Silver Bay. The taconite ore is actually mined at the Peter
Mitchell Mine near Babbitt, Minnesota, located about 47 rail miles
to the northwest of Silver Bay, and then rail hauled by Reserve's
private railroad to Silver Bay. While all other taconite mining
companies in Minnesota transport only the finished peliets to
shipping points on Lake Superior, with tailings disposal occurring
on-land, Reserve transports the taconite ore itself and disposes
of its tailings via discharge into lLake Superior. (Exhibit 2
contains a listing of permits received by Reserve in the past

for their discharge.) It is this latter aspect of Reserve's
current operations that the courts have decreed must cease.

1.023 Reserve estimates that the crude ore reserves at the Peter
Mitchell Mine as of 1 January 1976 were 1,270,449,089 long tons.
These reserves could last from 40 to 60 years depending upon

annual rate of exploitation and technological advances in the mining
industry. Reserve has indicated they would curtail their operations
after 40 years if allowed to use the Mile Post 7 site.

1.024 Taconite mining and processing involve basically four sequential
steps:

Mining

. Crushing
Concentrating
Pelletizing

S~ N

.

1,025 After the ore deposit has been cleared, the glacial overburden
stripped off, and the waste rock overburden and lean ore removed and
stockpiled, the taconite ore is drilled, blasted, loaded and hauled
from the pit. Each year, Reserve Mines approximately 30.1 million
long tons of ore. In order to get to this quantity of ore annually,
about 11.8 million long tons (estimated) of waste rock and lean ore
(exclusive of glacial overburden) must be removed and stockpiled.

1.026 Blast holes are prepared by rotary drilling in waste rock

and jet piercing in the taconite ore. After the holes are drilled,
they are loaded with explosives and blasted. Broken waste rock and
lean ore are loaded into large end-dump trucks by large shovels.
Broken ore is loaded into 90-ton side-dump tractor trailers by 12-
cubic-yard electric shovels. The waste rock and lean ore are trans-—
ported to stockpiles located either in the pit or near the pit. Ore
is then transported up to 3 miles to either of two primary crushing
plants where the crusher operator dumps the ore into large bins feeding
60-inch gyratory crushers (first stage) that reduce the mine run ore
to approximatley 8 inches.

1.027 Following this first stage of crushing are four 30-inch crushers
at each crushing plant (second stage), that crush to a rail haul ore
product that is less than 4 inches in size. Ore is fed from these
crushers onto a conveyor belt and discharged into loadout bins. An
85-ton railroad car is gravity loaded from the bins in 1 to 2 minutes.
Cars are then assembled into approximately 150-car unit trains that
carry the crushed taconite on Reserve's private railroad southeast
about 47 rail miles to Silver Bay.

1.028 The primary crushing plants are included in the mining operation
because these plants are part of the Babbit facilities near the mine.
The final crushing is included in the fine crushing segnment which
occurs at the processing facilities in Siver Bay. When the ore trains
arrive in Silver Bay, the cars are dumped by two rotary car dumpers

in tandem, and the ore is conveyed to storage bins. The 4-inch and
finer ore is withdrawn from these bins as required and transferred

by conveyor to ten crushing sections in the fine crushing plant

(third stage). Ore is crushed from 4 inches to 1-% inch taconite
during the third stage of crushing, and subsequently to less than
3/4-inch size during the fourth stage. Prior to third and fourth
stage crushing, the finer ore fraction is removed by screening and
bypasses the third and/or fourth stages of crushing. The final
3/4-inch or finer ore in then conveyed to the concentrator storage
bins in the concentrator.

1.029 The 3/4-inch and finer taconite is drawn from the concentrator
storage bins at a controlled rate and is conveyed to 22 paralled con-
centrating circuits. Each of the 22 circuits is basically identical.
Cr?shed taconite ore and water are introduced to the system, and waste
tailings and concentrate, both containing water, are the output of

the system. The concentrating process is one of repeated grinding,
magﬂet%c separation, hydraulic separation, sizing, rejection of non-
magnetic waste material as tailings and removal of water (or dewatering).
At each succeeding stage of separation, a higher grade of magnetic
concentrate is produced.
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1.030 Twenty-two parallel cencentrating circuits and recycling are
used in concentrating. Tailings are discharged at five poiuts durinyg
the process. During this process, the taconite ore is subjected to
three stages of grinding, three stages of magnetic separation, three
stages of sizing, and three stages of dewatering and hydraulic separation.
The plant can also be operated without the regrind circuit. In this
case, coarse material from the magnetic separators is sent directly

to the hydroseparators. The tailings are collected from each step

of separation and then transported down a series of troughs or launders
toward Lake Superior. The tailings from the two main launders are
discharged onto the tailings delta which has formed out into Lake
Superior. A portion of these tailings remains on the delta and

the remainder flows into Lake Superior.

1.031 After the iron concentrate leaves the concentrator on a conveyor,
it is stored in bins and is withdrawn as needed. At the pelletizing
plant, the concentrate is mixed with bentonite (approximately 1.1

~ percent added). The bentonite adds strength to the pellets before
firing, aids in the retention and control of moisture during the forming
and handling of pellets prior to firing, and controls the release

of moisture during firing. The mixture is conveyed to balling drums
where small balls are formed in horizontal, rotating drums, As the
pellets are discharged from the drums, they are roll-screened, removing
pellets (less than 5/16 of an inch) to be returned to the drum feed,
while finished pellets (larger than 5/16 of an iuch) are sent by
conveyor for firing. The pellets are spread onto horizontal-grate
pelletizing machines in which the product is advanced through stages
including up and down draft drying, up and down draft heating, burning
and two stages of cooling. During this process of induration (hardening),
the temperature reaches as high as 2400° F. A chemical change occurs

in which the magnetic oxide of iron (magnetite——Fe3O ) is comnverted

to the hematite (Fey0g) form. The fuel currently used for pelletizing
is natural gas., The hardened pellets, after leaving the traveling
grate, are passed over a shaking screen, quenched and conveyed to storage
bins ready for shipment, or are stockpiled.

1.032 From the pelletizer, the pellets are conveyed to the loading
and storage areas adjacent to the harbor. The harbor at Silver Bay
is formed by breakwaters which reach from the shore to Beaver Island
and Pellet Island. Ore boats from the lower Great Lakes ports enter
the harbor and are loaded at the dock by boat loaders, Through

a system of belt conveyors, pellets from the plant can be stock-
piled and simultaneously loaded outo ships. Reserve ships pellets

9 to 10 months each year.

1.033 Over the period of years since Reserve began discharging into
Lake Superior, a large tailings delta has formed at Silver Bay. The
delta is approximately 225 acres in size. A deep (600-foot) trough

in the bed of Lake Superior runs parallel to the north shore. The
original theory was that all the tailings would flow via a density
current into this trough where they would have no effect upon Lake
Superior. This theory has held true for only a portion of the tailings.

A delta has been formed and it has been discovered that some of the
finest particles (fibers -~ see glossary) do not settle out but remain
suspended in Lake Superior for an indeterminable length of time.

1.034 Reserve operates the Lakeside Power Plant at Silver Bay to
provide the power necessary for the taconite operation. Presently
there are two generating units at the Lakeside Plant. TUnit #1,
put in operation in 1955, has a capacity of 50 megawatts (MW);

and Unit #2, put in operation in 1963, has an 87-MW capacity.

1.035 The Lakeside Power Plant currently uses 106,293 gpm (gallons
per minute) of Lake Superior water for various purposes. Table 1
1ists the specific uses of the water. An additional 10 gpm is taken
from the Silver Bay municipal water system for non-contact cooling
of a monitor probe. Under the present system, the power plant water
is discharged into the taconite processing plant and eventually into
Lake Superior with the tailings.

TABLE 1

LAKESIDE POWER PLANT WATER USES

USE AIOUNT (gpm)
Units 1 & 2 Condenser Cooling--Non-contact 105,000
Hydrogen & 0il Coolers—-Non-contact 961
Boiler Seal & Water Jacket Cooling-—-Non-contact 58
Makeup Units 1 & 2 and Process Boilers——Contact 269
Regeneration of Ion Exchange Beds--Contact 5

1.036 1In the past, the Lakeside plant used both natural gas and
coal for fuel., Since September 1976, Reserve has burned 100 percent
coal, as natural gas supplies are no longer available. Reserve
estimates it will take 400,000 tons of coal annually to operate the
plant at capacity.,

1.037 Coal is ;resently brought into Silver Bay by ship and unloaded
directly onto the coal pile adjacent to the power plant, Reserve
does not use a dust suppressant as such, other than sprayed water,
during the unloading of coal from the ships onto the coal pile. The
coal pile is regularly compacted by earth-moving equipment to prevent
spontaneous combustion and to avoid blowing coal dust. This pro-
cedure, combined with the relatively coarse nature of the coal,

has in the past resulted in no noticeable dust problem.

PROPOSED ACTION

1.038 As part of the plan to cease discharge of tailings to Lake
Superior resulting from the processing of taconite at Silver Bay,
Resgrve proposes to: (a) make major changes in plant operations

to improve the physical and chemical quality of pellets by increasing
the iron content and reducing the silica content and; (b) to dispose
of the waste product, tailings, in a tailings basin on land. To
carry out these purposes, Reserve has proposed: major changes in



its existing concentrating plant and its concentrate dewatering
(filtering) system, a tailings dewatering system, a tailings trans-
port system, on-land tailings disposal, and delta stabilization. The
major proposed processing plant changes include: dry cobbing,
flotation, screening, concentrate filtering, tailings filtering, and
changes in use of power plant cooling water. The proposed tailings
transport system involves rail transport of cobbed and filtered
tailings, and pipeline transport of fine tailings and return water

to the plant. The proposed on-land tailings disposal plan includes
tailings dams, tailings pipeline, tailings basin, seepage collection,
stream diversions, railraod spur, and access road construction.

TACONITE PROCESSING

-1.039 Dry Cobbing Process. A new building is proposed to be con-
structed between the existing fine crusher and the concentrator on
the east side of U.S. 61 to house the dry cobbing equipment (exhibit
3). Dry-magnetic separators are to be used to treat the taconite

ore coming from the fine crusher, 97 percent of which is less than
3/4-inch size. This dry magnetic separation process is to reject

22 percent of the taconite ore as coarse cobbed tailings, or 6,593,000
dry long tons per year. With this proposed reduced feed rate, sub-
sequent grinding phases of the process would produce finer-sized pro-
ducts with better liberation of the magnetite, resulting in finer-
sized wet tailings.

1.040 Concentrating and Concentrate Filter Processes. The partially
concentrated ore from the proposed dry-cobber building would be stored
in the concentrator storage bins as in the present process, and then
drawn out at a controlled rate and conveyed into the 22 parallel
concentrating circuits. However, each of these circuits is proposed
to be modified as follows:

a. Fine screening is to replace one stage of cyclone separation.
b. Three new sets of magnetic separators would be added.

¢c. Primary and secondary flotation is to be added to selectively
remove quartz (silica) and amphibole (silicate) particles. A chemical
reagent (Arosur F MG-98A) would be required, and a reagent-handling
system and building would be constructed. Flotation agents used
would be those that prove harmless by bioassay tests under conditions
of actual use.

1.041 Concentrates from each of the 22 concentrating circuits are to
be pumped to two new hydroseparators and then to a proposed new con-
centrate filter building where the concentrates would be dewatered

by vacuum filtering and conveyed to the pelletizer.
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1.042 Tailings Transport. Cobbed and filtered ta%lings would'be
conveyed across U.S. Highway 61 to loading facilities, then ??11
hauled to the proposed Mile Post 7 disposal area. For the glie

Post 7 plan, Reserve proposes to construct 8,500 feet of railroad
track in the Silver Bay yard and 5.5 miles of double track spur'from
the existing Reserve railroad at Mile Post 6.5. Two 25-car traims,
each requiring three 2,000-horsepower locomotives, are proposed

to be used in the transport of coarse tailings,

1.043 TFine tailings would be sent to clarifiers and dewatered to

a slurry containing 60 percent soilds by weight. Settling would

be aided by a flocculent (Polymer M-502). The overflow water would
be recycled to the concentrator, A double pipeline, 3?,?00 feet
long with an outside diameter (0OD) of 24 inches, and rlslgg.625
feet, would be used to pump the slurry to the proposed tailings
basin (exhibit 4). One pipeline would serve as a spare. Two pump-
houses would be required outside the basin. Pumphouse No. 2 would
have dump valves and holding basins for tailings. A service road
would be constructed along the pipeline,

1.044 Catchment basins with sufficient capacity to contain the
entire contents of the pipeline would be constructed along the

pipeline. The pipeline would be self-purging, in the event of

a pipeline failure.

1.045 Water Recycling. Reserve proposes to operate with a closed-
cycle water system. The system involves water recycling within the
concentrating, filtering, and concentrate-filtration systems. Also,
excess water would be returned from the Mile Post 7 tailings basin
via a 24-inch OD water reclaim pipeline running adjacent to the
slurry pipeline. Exhibit 5 shows the estimated water balance of

the process.

TAILINGS DISPOSAL

1.046 The tailings would be disposed of at the proposed Mile Post
7 site about 5 miles inland from Silver Bay. The topography of
the proposed tailings basin area is such that a natural valley
would contain the tailings with five dams. The dams would be
required to close the valley and bridge the gaps in the ridges
forming the valley (exhibit 4).

1.047 The basin would be designed to store 40 years' production of
tailings, which is the projected life of the operation. The
total quantities involved are:

Dry cobbs - 263,907,360 long tons

Filtered tailings - 81,668,400 long tons

Fine tailings (39 yrs) - 477,760,140 long tons

Total: 823,335,900 long tons
1o




Approximately 125,000,000 long tons would be used in dams and splitter
dikes leaving 698,335,900 long tons to be stored. In addition to

the solid materials, the basin would store approximately 267,277,000
cubic yards of water as void water. ¥lood storage would be pro-

vided above the settled tailings level.

Structures
1.048 The project structures as shown in exhibit 4 include:
a. Five tailings dams, with heights and lengths as follows:

Dam 1, 13,540 ft long and 190 ft high, as shown in exhibits 6-8.
Dam 2-3, 6,570 ft long and 153 ft high, as shown in exhibits 9-11.
Dam 4, 2,180 ft long and 125 ft high, as shown in exhibits 12-14.
Dam 5, 3,360 ft long and 158 ft high, as shown in exhibits 15-17.
Dam 6, 1,650 ft long and 14 ft high, as shown in exhibits 18-19.

b. Seepage recovery dams and related structures as shown
in exhibits 20-24.

c. Headwaters diversion Nos. 1 and 2 on Big Thirty-Nine and
Little Thirty-Nine Creeks as shown in exhibits 25-29.

d. Diversion works on Bear Lake as shown in exhibit 15.

e. Splitter dikes within the tailings pond as shown in
exhibit 30.

1.049 The tailings basin is to be operated as a closed circuit
and, consequently, any eXcess water would have to be stored in the
basin with the tailings. To reduce dust problems, it is proposed
that a deliberate excess of water be accumulated initially so that
the deposited tailings would always be covered by water.

1.050 The fine tailings and excess coarse tailings would be deposited
in the basin at suitable points, along the dams and splitter dikes
within the basin. The splitter dikes would support the railway

tracks (exhibit 31) for delivery of the coarse tailings to the
tailings basin area and would also support the pipelines for the fine
tailings. They are necessary to insure adequate distribution of

the materials over the large basin area. To provide sufficient
storage capacity for 40 years of operation, the five dams would

be constructed with crests at an elevation of 1315 feet.

1.051 The natural runoff entering the tailings pond would be minimized
by the construction of the headwaters diversion works noted above.

The excess runoff and transport water ponded over the settled fine
tailings would be reclaimed for re-use in the milling operations.
Seepage through or under the dams would be collected by the seepage
recovery facilities and returned to the pond. No water problems

are anticipated in operating the pond as a closed-circuit operation.
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1.052 The dams would be constructed over a period of years in such
fashion and at such rate that there would always be ample freeboard
above the rising pond to insure against accidental overtopping in

the event of an exceptional flood. To prepare the basin initially,

low starter dams would be constructed at all but Site 6, using natural
soils obtained locally. Subsequent dam construction would then

utilize mainly coarse tailings, placed concurrently with the deposition
of fine tailings into the pond.

1.053 The locations, configurations and compositions of the proposed main
tailings and seepage recovery dams have been influenced by a number
of factors, the more important of which are:

Topography

Environmental requirements

Foundation materials

Available construction materials

Seepage considerations

. Need for further site information, during and after construction.
. Control of water during construction.

.

Nou W
.

1.054 Dam No. 1 has been sited as far downstrean as is reasonably
possible without requiring excessive volumes of fill. Dam 2-3 has
been sited so as to help reduce the catchment area of the pond and.
is, in fact, a substitute for an earlier arrangement that involved
two dams, one paralleling Dam 2-3 about a half mile further to the
northeast and the other at right angles to that, across the small
stream that passes the toe of Dan 2-3. Dams 4, 5 and 6 are saddle
dams to close low points on the tailings pond rim. Minor
adjustments to dam alignments may be made to optimize locations
when detailed topographic surveys are completed.

1.055 The ultimate crest of the tailings dams has been set at

el. 1315, which is sufficient to store: all of the fine tailings,
all of the coarse tailings not-used in dam construction, and all of
the surplus water that is expected to accumulate from the milling
process and to flow from the net catchment area, assuming a 40-year
operating life for the project. This level does not include
a%lowance for settlement, which would be monitored during the project
life to determine additional allowances required before shut-down
to.allow for very long-term settlements. Seepage recovery dam
heights are governed by hydraulic requirements.

1.056 Railway Construction and Operation. Railway lines would be
;angrlgc'ged by'Reserve Mining Company to connect the existing Silver
ch r:'gltt railway w%th the dams and the tailings basin. Initially,
dam Nol Yays are required FO.SUPPlY construction materials for starter
the rail + Later, when ta%llngs are being produced in the plant,
Coarse twi§§ are also required to transport the coarse tailings.
COnStrucii ings hauled by rail would be used for dam and splitter dike
on as well as being dumped into the basin.
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1.057 An initial construction railway would be built as shown in
exhibit 31. As the tailings pond rises, the dams and spiitter dikes
would be raised also and the railway location would be moved in stages
to cross dam 1 at increasingly higher elevations.

1.058 The initial construction railway to the dams would be on a
cut and fill grade, constructed from locally borrowed material.
Splitter dikes are to be constructed of coarse tailings. Railways
inside the basin area would be raised above the initial grades with
coarse tailings. The north-south railway line througl. the center
of the reservoir would act as a splitter dike and would likely be
used as a dike from which to deposit fine tailings.

1.059 Railways subsequent to the inital line would cross Thirty-
Nine Creek on seepage recovery dam 1lA. Detailed design of the dam
crossing and the crossing of the emergency spillway at the dam
would be done when railway alignment and grades and the spillway
dimensions are finalized.

1.060 Four months of construction time has been estimated to build

the railway from the existing line to starter dam No. 1. Sand and
gravel from the Mile Post 32 pit would be supplied by three trains

per day with an estimated average load of 650 cubic yards per train.
For scheduling purposes it has been assumed that dam construction would
run from April 1 to November 30 each year with gravel hauled and
stockpiled in the remaining 4 months.

1.061 Construction Materials. The coarse fractions of the tailings,
i.e., filtered tailings and dry cobbs either individually or mixed,

are excellent materials for dam construction. Therefore, the maximum
use of coarse tailings for dam construction has been a primary objective
in the design.

1.062 Other materials are also required, for early construction
before coarse tailings are available, for impervious membranes, for
special filters, and for wave protection. These would be supplied
from borrow pits in the pond area, from along the Company railway
line, and possibly from the mine pit.

1.063 Glacial till from local pits in the pond area (exhibit 32)
would be used for the seepage recovery dams, Starter Dams 2-3,

4, and 5 for Tailings Dam No. 6, and for impervious membranes on

all of the tailings dams and on Starter Dam No. 1., Sands and gravels
from a pit at Mile Post 32 would be used for Starter Dam No, 1
construction and for special filters and drains. Rock from the

mine pit or alternative sources would be used for riprap on the

dams.

1.064 The glacial till borrow areas are close to the dams. However,
the till is a difficult material to place, requiring dry summer
weather to avoid excess moisture conditions. For Starter Dam No. 1,
the use of galcial till as the main material was found to be unde-
sirable due to the large volumes required, the uncertainties of
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and the limited time available. For Starter Dam No. 1
planned to use mainly sand and gravel borrowed from
the Reserve railway. Only the sloping impervious

be built of glacial till. For Seepage Recovery

and for Starter Dams 2-3, 4 and 5, the

h less and the construction schedule 1is such that

1s can be used for those initial structures.

1so be the main material for Tailings Dam No. 6.

weather,
it is therefore
Mile Post 32 on
membrane would
Dams, 1A, 1B and 2-3,

volumes are muc
glacial till materia
Glacial till would a

1.065 Construction Materials Handling. Sand and gravel would be
hauled to the damsites by trains of side-dumping ore cars. Loading
at the pit at MP32 and stockpiling, moving, spreading, and compacting
in the embankments would be by conventional earthmoving equipment.

1.066 Coarse tailings would be supplied to the tailings area by
train. After they were side-dumped from the railway cars, the coarse
‘tailings would be spread by bulldozers or large graders. The rail-
way tracks would periodically be relocated on the fill to minimize
the distance that the tailings have to be pushed.

1.067 Glacial till would be handled by conventional earthmoving
equipment from the borrow through hauling to spreading and
compacting. Edither scrapers and bulldozers or loaders and trucks
could be used for this operation. Borrow pit planning over the
life of the construction is required to insure an adequate supply
of suitable material as the tailings pond rises and inundates the
borrow pits.

1.068 Construction of roads and railway grades (except those
within the pond area) would be with local materials, with maximum
use being made of cut and fill techniques.

1.069 Construction Schedule. A tentive construction schedule is
presented in exhibpit 33. This schedule is intended as a guide

to constructing the tailings disposal facility and not as a pro-
gram to be rigidly adhered to. Several fundamental assumptions have
been made as listed below:

- Time zero of May 1 (approval for construction)

Four months mobilization time required for heavy equipment

Start of coarse tailings production, month 24 after go—ahead given
Start of fine tailings production, month 36 after go—-ahead given

- Coarse tailings construction in dams for 8 months per year only
Glacial till placement in dams for 2% months per year only

1

1

Using all the available coarse tailings for dam constructionm, it would
take approximately 18 years from the go-ahead date to complete the
tailings dams. This time represents the shortest possible construction
time for the dams.




1.070 The longest possible construction time is approximately 40
years with construction just ahead of the rising poud. Actual
construction time would depend on many factors, some of which are
listed below:

- economics of construction
— actual rainfall throughout the life of the project
- actual water reclaim rates
- performance of dam foundations as monitored by iustruments
(A limit on the maximun rates of construction could be
set if foundations do not consolidate as rapidly as assumed.)

Construction in the early part of the schedule would be significantly
affected by the time of year that the go-ahead is given, as many con-
struction activities are seasonal.

1.071 TFuture Design Considerations. Some areas of the present design
have not been finalized because more detailed informnation is required
to complete the designs. It is intended that these designs would

be completed once the construction work conmenced.

1.072 Apart from design in specific areas there would be steady
monitoring of performance of dams and foundations usiug installed
instrumentation, checking of the readings, and comparing of the
adequacy of the designs against the actual performance of structures.

1.073 Specific areas where designs would not be finalized until
construction is started are as follows:

— Damsites 4 and 5

- Seepage Recovery Dam No. 2-3 diversion route

- Emergency spillways at seepage recovery damsites

- Ultimate spillway for pond

- Routing requirements for east abutments of dams 1 and 2-3

- Bear Lake final diversion

1.074 Diversions Nos. 1 and 2. Headwaters diversions Nos. 1 and

2, as shown in exhibits 25-29, would reduce the catchment area of the
tailings pond by a total of 22.6 square miles. That total is made

up of 5.5 square miles on Little Thirty-Nine Creek and 17.1 square
miles on Big Thirty-Nine Creek. Diversion No. 1 discharges into Big
Thirty-Nine Creek above Diversion Ho. Z. Consequently, the latter
channel would carry the combined flows from the two catchnents.

1.075 Both diversions have been sized to pass the estimated probable
maximum flood peaks, 17,000 cfs for Diversion No. 1 and 40,000 cfs
for Division No. 2. The probable maxinmum flood was selected for
design of these diversions so as to reduce to an absolute minimum

the risk of diversion-dike failure which night release water into the
tailings pond that would be additonal to the water for which the pond
has been designed.
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1.076 The dike crest elevations shown are set to provide a free-
board of 3 feet above the calculated design flood profile. Dikes
No. 1A, No. 1B and No. 3 are set back sufficiently far so that
they should not be exposed to erosion by the flood flows in the
main channel. Dike No. 2 would be exposed to flows that could
briefly reach 7 or 8 feet per second. Heavy riprap would be
provided on the exposed portions of tnis dike.

1.077 The large excavated area in the channel at Diversion No. 2
is based on balancing of channel costs aganist dike costs, With~
out the excavated channel, the dike would have to be further east
where it would be considerably larger, Dike No. 3 is required

to close a low gap alongside the diversion route.

1.078 The diversion dikes would be constructed mainly of locally
borrowed glacial till and would be placed in thin, well~compacted
1ifts. With the exception of those portions in the immediate

area of the original creek channels, the dikes would be exposed to
water loadings for only brief periods. Consequently, through-
seepage would not be a concern over most of the lengths and toe-
drainage provisions in the dikes are required only across the

old stream channels.

1.079 Eventually Diversion Dike No. 2 would be required to serve
as a tailings retention dike and would be exposed to the tailings
pond over most of its length, Comnsequently, it would be provided
with very carefully designed drainage features under its western
slope to provide for the long-term seepage possible between the
tailings pond and Diversion Channel No. 2., Seepage through this
dike is not expected to exceed 8 USGPM.

1.080 Dam No. 1 Diversion. This diversion, shown in exhibit 22,
is required to control flows through Dam Site No. 1 during con-
struction of Starter Dam No. 1 and Seepage Recovery Dam No. 1A.
Because Diversiens Nos. 1 and 2 would have been constructed pre-
viously, this diversion would have a catchment area of only 8.7
square miles. This diversion would be needed for a period of

two years and since no significant volume of water would be im-—
punded, a design flood of 20 years has been adopted. The peak
design flow is 900 cfs,

1.081 The diversion comprises a low cofferdam across Thirty-Nine
Creek upstream of Starter Dam No. 1 and an open cut channel through
the left abutment to a point downstream of Seepage Recovery Dam 1A.
This would leave the entire work area for the two dams clear of the
rerouted stream channel and would allow operation of the Seepage
Recovery Dam pond as a settling pond for controlling turbidity during
construction of the starter dam.
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1,082 When the starter dam is completed to the west of the diversion
channel, and the start of tailings deposition is anticipated, the
entrance to the channel would be blocked during a period of low

flow. Water approaching the dam would be pumped past the area

with construction dewatering pumps, The pumping would be continued
until a plug had been built in the channel, as part of the upstrean
slope of the starter dam, to a least El. 1150.

1.083 seepage Recovery Dam No. 2-3 Diversion. This diversion would
be required to remove from the seepage dam catchment, a small strean
that flows in from the west, Catchment area for the diversion would
be 450 acres. Because the feature being protected would be the seepage
recovery dam, the design flood should be comparable to that used for
design of the protected works — in this case, a 10,000 year recurrence
interval. The design flood for this diversion is 750 cfs peak flow.

1.084 The channel in which the stream is presently flowing and
across which Seepage Recovery Dam 2-3 must be built is very steep
and, because it is in overburden throughout the length involved, it
is no doubt subject to fresh erosion, at least during exceptiomal
floods. Any diversion channel around the dam site must cope with
the large elevation changes and, at the same time, should be protected
against damage by erosion. The alignment of the chanuel shown in
exhibit 24 is aimed at satisfying this requirement by placing the
steeply sloping downstream section at a point where bedrock is ex-
pected to be at shallow depth. The upstream section, in the over-
burden, would have a gradient consistent with non-erosive velocities
for glacial till. The downstream end would be aujusted to insure
that the high velocity flow is on rock, The exact final alignment
of this channel would depend on the results of further investigation
to define the bedrock surface at the downstream end.

1.085 The channel invert width has been set by construction require-
ments and side slopes are set to minimize slumping and consequent
contamination of the flows. Depth of flow during passage of the
design flood would be about 5 feet and maximum velocity would be
about 5 feet per second.

1.086 As with Diversion Nos. 1 and 2, exceptional flood flows could
deposit debris in the upstream end of the diversion channel, so
periodic maintenance to remove such debris would be required. The
dike in this area would be increased in height to compensate for
possible channel filling during individual floods. Channel filling
would not be a long-term problem because the seepage recovery dam
which it protects would not be a permanent structure and would
eventually be breached when no longer required.
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1.087 Bear Lake Diversions. The outflow from Bear Lake runs into
the tailings basin through the Dam No. 5 site and, while the volume
of runoff is small relative to that from the entire tailings pond
catchment, it is nevertheless sufficient to cause problems during
early construction at Dam No. 5 and must be diverted. Once Dam No.

5 reaches about El. 1200, it would be necessary to divert these flows
out of the tailings pond catchment altogether. This would occur

some time in about the eighth year after start of construction.

1.088 The initial, temporary Bear Lake diversion would be necessary
to direct the lake outflow around the Dam No. 5 starter dam and

the early embankment lifts. Because it would be required to serve
for only about 8 years and because a failure would do a minimum of
damage, a 100-year return period design flood has been adopted for
this diversion. The design flood peak flow routed through the lake
is 50 cfs.

1.089 The diversion would consist of a simple channel excavated parallel
to the contours past the south end of Dam No. 1, as shown in exhibit
15. As the anticipated flow is small, the channel dimensions are

dictated by construction and side slope stability requirements. The

invert gradient is set to pass the design flood at non-erosive velocities

for the glacial till soils expected along the route. At the downstrean
end it is expected that the channel would be in rock cut, and that the
flows could be released freely beyond that point to flow downslope
into the tailings pond. Any erosion or. the steep slope below the
rock cut would not progress backward into the main channel because
of the protection afforded by the rock cut. However, the presence
of rock in this area has not been definitely confirmed at this time
and, should it not be found within reasonable depth for inclusion
in the channel, an alternative non-erodible means would be developed
for releasing flows from the upper channel. That could take the
form of a flume, a pipe conduit, or even a riprap-lined channel
down the slope.

.
1.090 When the rising tailings pond and the Dam No. 5 construction
reach a level that would interfere with the temporary diversion
channel described above (about El. 1200), it would be necessary to
divert the lake outflows in the opposite direction, away from the
pond. At that time the present lake outlet would be permanently
closed by a low dam, and an outlet channel would be excavated at
a point on the lake perimeter yet to be decided. Because the entire
flow is to be diverted, the closure dam at the present lake outlet
would have no water passages or spillway and would have sufficient
height to direct the probable maximum flood through the new outlet,
The diversion dam would serve also as a positive separation between
Bear Lake and the seepage recovery pond at the back of Dam No. 5.
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1.091 There are two points along the Bear Lake rim where new outlets
are physically possible, one at the south encé and the other about
midway along the east side. At both locations the present ground
level is about 20 feet above the lake which leaves two or nore
alternatives regarding the final lake level. An outlet channel
excavated to present lake level would involve quite large eicavation
volumes. On the other hand, to raise the lake as required to flow
out over the saddle would entail a much larger diversion dam and
would permanently flood out the present lake shore to about 2C feet
depth.

1.092 Decisions on the future lake level and the outlet chaunel
locations have been deferred for the present, pending clarification

on property matters. llowever, the problem has been assessed anu there
is no question that the proposed diversion is feasible.

1.093 As the final diversion would be permanent, the design flood

adopted should be based on a probable maximm storm, which is estimated

to produce a peak inflow of about 2,000 cfs and a volume of about

400 acre-feet. The actual outflow should, however, be considerably
less that the 2,000 cfs peak shown because of the routing effect pro-
vided by the lake. The narrower the channel, the smaller the outflow
rate, but the greater the rise and fall of the lake during a storn,
and vice-versa. The decision on the size of the diversion channel
would also be made later, when it is possible to determine more
accurately the relative merits and disadvantages of high discharges
versus large lake level changes.

1.094 Tentative hydraulic calculations indicate that a ninimum
practical width of channel of about 12 feet at the invert would

limit the peak outflow to about 600 cfs during a probable maximum
flood, and would cause fluctuations in lake level of about 7 feet.
This range of water levels appears reasonable, but could be decreased
by widening the channel, at the expense of increased flow downstream.

1.095 Seepage Recovery Facilities. Seepage water passing through
the tailings dams and rainfall percolating through the downstream
dam embankments would not be permitted to enter the downstream drain-
age system until such time that tests show the water to meet
acceptable water quality standards. Small, watertight ponds would

be developed near the downstream toes of the tailings dams to collect
any seepage from the tailings pond and the runoff from the snall
watersheds between the tailings daus and the seepage recovery poncs.
This combined seepage and runoff would be pumped back to the tailings
pond. Design of the dams is shown in exhibits 20, 21, and 23.

1.096 Ho seepage recovery facilities have been designed for Dam No.
6 and Diversion Dike No. 2, as these are mainly freeboard structures
and seepage would be very small. There would be no coarse tailings
in these structures so percolating rainfall is not a concern.
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- 1.097 The estimated dam and foundation seepage rates are summarized
below:

Maximum Seepage, USGPM

Dam No. 1 385
Dam No. 2-3 142
Dam No. &4 not calculated¥*
Dam No. 5 not calculated*
Dam No. 6 3
Diversion Dike No. 2 8

The above predicted seepage rates are very small compared with storm
runoff from the seepage recovery pond catchments. The quantities

of water to be stored in the seepage recovery ponds are minor relative
to the volumes that would be flowing in the stream channels down-
stream during a storm of sufficient magnitude to overtax the see-

page recovery facilities. To be absolutely safe, the design has been
based on a 10,000-year recurrence interval.

1.098 It is impractical to provide seepage recovery pumping capacity
equal to the peak rate of rainfall runoff. In fact, it is necessary
to allow several weeks for recovery from a severe storm, and hence
the runoff periods to be studied should extend over similar intervals,
Accordingly, the hydrologic studies were designed to provide 10,000-
year recurrence interval rainfall for periods of from 1 to 60 days.
“In summary, rainfall values with a 10,000-year recurrence interval
for the Silver Bay area are estimated to be as follows:

Period Total Rainfall for Period
1 day 8.0 inches

30 days 16.0 inches
60 days 24,0 inches

With natural terrain, absorption by vegetation and soil would result

in actual runoff quantities significantly lower than the above.

However, the particular catchment areas involved would be within

the zones of dam cohstruction activities and would initially be completely
free of vegetation. There would be extensive ditching to assist

drainage and, in addition, the soil in the area is practically

impervious. It was considered advisable to assume zero loss due

to absorption and evapotranspiration,

1.099 The total volumes of runoff resulting from the above 10,000-year
recurrence interval rainfall amounts are as follows:

Seepage Recovery Catchment Area, Runoff Volume, Acre Feet
Pond Acres 1 day 30 days 60 days

1A 370 247 535 777

1B 114 76 167 243

2-3 203 136 298 435

4 14 9 20 29

3 32 21 43 61

*

atsiﬁPage rates at Dams 4 and 5 were not calculated as foundation details
1dese sites are not known. However, it is likely that these rates

wou not exceed a few tens of USGPM.
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1.100 The mimimum storage volumes and minimum pump capacities would

be about as follows:
Minimum Pump Capacity

Seepage Pond Minimum Storage Volume

Acre Feet USGPM
1A : 400 3,000
1B 104 1,000
2-3 183 1,750
4 9 150
5 93 250

1.101 The crest elevations for the seepage recovery dams have been

set to provide the above volumes of storage, with appropriate allowances
for dead storage and silting, and with 3 feet of freeboard for wave
run-up. Pumping rates are well in excess of the through-seepage from
tne tailings pond, and would evacuate the full amounts of inflow

from a 10,000-year storm in a period of 30-60 days, with ample
freeboard.

1.102 To assist in evacuating the water in the rare event of a
rainfall in excess of the 10,000-year recurrent wet period, each

pond would be provided with a spillway channel which, in conjunction
with the pumps, should restore water levels to the normal design

range in reasonable periods of time. For this purpose, minimal widths
of channel would be about 12 feet at the invert, set by construction
limitations. Channel gradients would be flat, between 0.001 and

0.002 per foot.

1.103 At Seepage Recovery Dams 1B, 2-3 and 4, rock is expected to

be at shallow depth along the spillway lines and the channels would
be so aligned as to place the inverts in rock. At Seepage Recovery
Dam 1A, the rock is probably at excessive depth and the best that

can be done is to route the channel across the right abutment where
it would be in glacial till. The chosen location also takes advantage
of a natural erosion feature in the form of a small stream entering
just downstream of the dam on the right. That stream has established
a reasonably stable gradient and bed, probably in the glacial till.
By so aligning the spillway channel to have a gentle gradient and to
exit into this natural channel with no drop at the outlet, it should
be possible to provide for significant releases from the pond with
minimal erosion. Full details of this channel cannot be established
until the area has been cleared and explored in more detail. Rip-
rap in the channel may be necessary as an added precaution.

1.104 No spillway is provided at Dam 5 at this time because it is
expected that there would be ample storage volume there for any
eventuality, even a probable maximum storm.

1.105 When tests show the runoff water is no longer being contaminated
by the coarse tailings, due to leaching action, the pumping facilities
would be shut down and the seepage recovery dams breached to permit
complete drainage of the recovery ponds at all times. Construction
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of the tailings dams could end as early as 20 years before completion
of mining and it is expected that the runoff entering the recovery
ponds would be of relatively good quality by the time of shut-down.

1.106 Tailings Pond Operation. Fine tailings would be pumped to the
tailings pond as a dense slurry. Coarse tailings in surplus of
construction requirements would be hauled to the pond by rail car.

1.107 When the fine-tailings slurry is discharged into the tailings

pond, the mineral fractions:-would settle out and free water would

become available. Natural drainage into the tailings pond would
contribute additional free water. Because the tailings pond would

be a closed system, a continuous accumulation of free water is impractical.
Consequently, free water must be reclaimed to the mill for re-use in

the circuit at an average rate that would balance the inflows. Except

in the event of unusually high runoff, the reclaim rate would be

kept low in the early years of operation so that the deposited fine
tailings could be covered by water. The reclaim rate would be accelerated
towards the end of the operating life to permit reclamation of the
newly-created land, and to leave a minimum of water ponded at the
termination of operations. Areas exposed as the pond is reduced

would be reclaimed and seeded.

1.108 The fine-tailings slurry transported to the reservoir would
be a fluid containing up to 60% solids by weight. Upon discharge

of the slurry, the mineral fraction would settle out in a loose,
saturated condition. Experience at other tailings damsites and
laboratory tests performed on the Reserve tailings indicated that

the fine tailings would settle to an average void ratio of about 1.1.
Based on a specific gravity for the solids of 3.1, the average dry

density of settled tailings would therefore be about 92 pounds per
cubic foot (pcf).

1.109 Densities of deposited fine tailings were measured in a large-
Zéale test deposit of fine tailings at the Reserve plantsite during
pril and May, 1975. The report issued on 10 November 1975 indicated
34minimum dry density of deposited fine tailings of approximately
allpZ§tind an average dry density of approximately 97 pcf. However,
iy mates of volume are based on the more conservative density

pcf developed earlier, on the basis of experience and laboratory

tests. . : !
safety. Higher actual densities would provide greater margins of

i;iiotaigire would be minor variations in density of the deposited
of discharngs from the aYeFage; the coarser fraction near the point
Sway fron %ﬁ wou%d be sl%gntly denser than the finest portion deposited
40°year'pondef501?t of d}scharge. In addition, during the projected
wuld o lling period, some consolidation of the tailings

ccur at depth. The coarse tailings would be deposited in a

loose stat hi i
be 129 pcf?, for which the average dry density has been estimated to
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1.111 Slopes of the hydraulically—deposited fine tailings would be
quite flat and would also be highly variable. The tailings reservoir
is to be operated with a relatively large pond area, SO that the
fine-tailings slurry discharge would normally be made directly into
or close to a body of water. Such deposits are usually characterized
by two distinct Zones similar to tne foreset and bottomset slopes

of natural delta deposits. Immediately below the water surface, the
slope is relatively steep. This steep slope (or foreset slope) 1is
usually of a finite height that depends, in part, on the strength

of the deposited tailings. Beyond the foreset beds, the finer portion
of tailings settle out to more random, but relatively flat, slopes
over the reservoir bottom.

1.112 The mechanically deposited coarse tailings would assume slopes
equal to the normal angle of repose for the material, both above

and below water level. Slopes assumed for the reservoir-operation
studies are as follows:

Case Slope
Coarse tailings above and
below water

1.2 horizontal to 1 vertical

Fine tailings from water surface
to 10 feet depth 5 horizontal to 1 vertical

Fine tailings below 10 feet depth 67 horizontal to 1 vertical
1.113 Following the proposed plant modifications, 12,250,260 long
tons of fine tailings would be produced yearly and deposited in the
tailings reservoir. Exact rates to transport water required for
efficient pumping of the tailings are not yet defined, but current
estimates indicate about 4,170 USGPM, which is the average rate used
in this report. The total average slurry-pumping rate, with water
and tailings, is about 6,130 USGPM.

1.114 Wnen the tailings have settled to a dry unit weight of 92 pcf,
approximately 4,245 USGPM of settled fine tailings would result, of
which about 2,215 USGPM would be water retained in the voids; the
remaining transport water would become free water and would be reclaimed.
Approximately 921,000 cubic yards of settled fine tailings would

thus be deposited each month and, because the milling process and

method of fine-tailings transport are not expected to be altered
significantly for the duration of the project, that rate of fine-

tailing deposition has been assumed constant for the 40-year period

of mine operation.

1.115 The rate of coarse-tailings production from the mill would also
be relatively constant but, because of its use in construction, the
rate of coarse-tailings deposition in the pond would vary from zero

at times up to a maximum of 463,000 cubic yards per month. Water
absorbed into the voids of the coarse tailings would also vary, from
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gero to a maximum of about 630 USGPM. Exhibit 34 shows the estimated

rate of tailings-rise throughout the assumed 40-year project opérating
period- Exhibit 35 shows the clearing limits for the 40-year life of

the proj ect.

1,116 Additional to the free water that becomes availéble from the
transport of fine tailings to the pond would be the rélnfall rgnoff
from the natural catchment. With Diversions 1 and 2 1n‘operat10n,
the reservoir catchment area would be reduced to approximately 8.71
square miles. Of that total area, a portion would be cgvered by the
ponded water, and a portion would be cleared. The remaineder of the
area would be essentially unchanged from its natural state. Each

of these areas would have different runoff characteristics, and t?e
proportions of each area to the total would change as the reservoir
fills and as clearing continues.

1.117 The most important requirement of the tailings-pond operating
studies was that of insuring adequate levels of freeboard between
the rising pond and the dam crests at all times. As spilling ?r
decanting 1is undesirable in a closed circuit system, this requirement
dictates that unusual climatic conditions must not result in over-
topping. Therefore, the pond—operating study adopted extremely con-
servative assumptions regarding emergency storage capabilities for
the pond. These assumptions are that there should, at all times,

be sufficient freeboard on the pond to absorb runoff at an annual
rate equivalent to that expected during a 5-year wet period having a
10,000-year recurrence interval, plus a probable maximum storm of

96 hours' duration, plus a suitable allowance for the wave run—up
that would occur during a 1,000-year wind following the probable
maximum storm.

1.118 The average annual rainfall is about 28 inches; the average
annual rainfall during a S5-year wet period with a 10,000-year return
period would be about 44 inches; and the rainfall for a 96-hour probable
maximum storm would be about 30 inches. The evaporation and evapo-
transpiration rates are:

Water Surfaces 25 inches per year
Natural Surfaces 15 inches per year
Cleared Surfaces 5 inches per year

1.119 Assuming that these evaporation and evapotranspiration rates
would be reasonably constant from year to year, the following annual
rates of runoff were obtained:
Nature of Average Year 5-Year Wet Period
Catchment Areas

(Inches per year) (Inches per year)

(10,000-Year Recurrence Interval)

Water Surfaces 3 19
Natural Surfaces 13 29
Cleared Surfaces 23 39




1.111 Slopes of the hydraulically—deposited fine tailings would be
quite flat and would also be highly variable. The tailings reservoir
is to be operated with a relatively large pond area, SO that the
fine-tailings slurry discharge would normally be made directly into
or close to a body of water. Such deposits are usually characterized
by two distinct "zones similar to tne foreset and bottomset slopes

of natural delta deposits. Immediately below the water surface, the
slope is relatively steep. This steep slope (or foreset slope) is
usually of a finite height that depends, in part, on the strength

of the deposited tailings. Beyond the foreset beds, the finer portion
of tailings settle out to more random, but relatively flat, slopes
over the reservoir bottom.

1.112 The mechanically deposited coarse tailings would assume slopes
equal to the normal angle of repose for the material, both above

and below water level. Slopes assumed for the reservoir-operation
studies are as follows:

Case Slope
Coarse tailings above and

below water 1.2 horizontal to 1 vertical
Fine tailings from water surface ;
to 10 feet depth 5 horizontal to 1 vertical

Fine tailings below 10 feet depth 67 horizontal to 1 vertical
1.113 Following the proposed plant modifications, 12,250,260 long
tons of fine tailings would be produced yearly and deposited in the
tailings reservoir. Exact rates to transport water required for
efficient pumping of the tailings are not yet defined, but current
estimates indicate about 4,170 USGPM, which is the average rate used
in this report. The total average slurry-pumping rate, with water
and tailings, is about 6,130 USGPM.

1.114 When the tailings have settled to a dry unit weight of 92 pcf,
approximately 4,245 USGPM of settled fine tailings would result, of
which about 2,215 USGPM would be water retained in the voids; the
remaining transport water would become free water and would be reclaimed.
Approximately 921,000 cubic yards of settled fine tailings would

thus be deposited each month and, because the milling process and

method of fine-tailings transport are not expected to be altered
significantly for the duration of the project, that rate of fine-

tailing deposition has been assumed constant for the 40-year period

of mine operation.

1.115 The rate of coarse-tailings production from the mill would also
be relatively constant but, because of its use in construction, the
rate of coarse—tailings deposition in the pond would vary from zero

at times up to a maximum of 463,000 cubic yards per month. Water
absorbed into the voids of the coarse tailings would also vary, from

24

zero to @ maximum of about 680 USGPM. Exhibit 34 shows the estimated
rate of tailings-rise throughout the assumed 40-year project operating

period. Exhibit 35 shows the clearing limits for the 40-year life of

the project.

1 116 Additional to the free water that becomes availéble from the
transport of fine tailings to the pond would be the rglnfall rgnoff
from the natural catchment. With Diversions 1 and 2 1n.operat10n,
the reservoir catchment area would be reduced to approximately 8.?
square miles. of that total area, 2 portion would be c?vered by the
ponded water, and a portion would be cleared. The remaineder of the
area would be essentially unchanged from its natural state. Each

of these areas would have different runoff characteristics, and t?e
proportions of each area to the total would change as the reservolr
fills and as clearing continues.

1.117 The most important requirement of the tailings-pond operating
studies was that of insuring adequate levels of freeboard between
the rising pond and the dam crests at a1l times. As spilling or
decanting 1is undesirable in a closed circuit system, this requirement
dictates that unusual climatic conditions must not result in over-
topping. Therefore, the pond-operating study adopted extremely con-
gervative assumptions regarding emergency storage capabilities for
the pond. These assumptions are that there should, at all times,

be sufficient freeboard on the pond to absorb runoff at an annual
rate equivalent to that expected during a 5-year wet period having a
10,000-year recurrence interval, plus a probable maximum storm of

96 hours' duration, plus a suitable allowance for the wave run—-up
that would occur during a 1,000-year wind following the probable
maximum storm.

1,118 The average annual rainfall is about 28 inches; the average
annual rainfall during a 5-year wet period with a 10,000-year return
period would be about 44 inches; and the rainfall for a 96-hour probable
maximum storm would be about 30 inches. The evaporation and evapo-
transpiration rateg are:

25 inches per year
15 inches per year
5 inches per year

Water Surfaces
Natural Surfaces
Cleared Surfaces

1.119 Assuming that these evaporation and evapotranspiration rates
would be reasonably constant from year to year, the following annual
rates of runoff were obtained:

Nature of
Catchment Areas

Average Year 5-Year Wet Period

(Inches per year) (Inches per year)

(10,000-Year Recurrence Interval)

Water Surfaces 3 19
Natural Surfaces 13 29
Cleared Surfaces 23 39
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Because the runoff from the probable maximum storm would occur very

rapidly, no allowance has been made fo
There would, of course, be some temporary retention of water by ground-

absorption during the storm, but most of this retained water would
drain into the pond in due course. Accordingly, it was assumed that
the runoff from the probable maximum storm would be equal to the

rainfall, i.e., 30 inches.

1.120 Exhibit 36 snows the design water levels and reclaim rates used -
in the pond operating study. Exhibit 37 shows how the design water
levels fit with dam crest levels predicted from the dam construction
scheduling. With a relatively constant rate of transport water inflow
and a highly variable natural runoff, it follows that the water
reclaim rates must also be variable. However, because a very large
pond would be needed to keep the bulk of the tailings covered, the
actual variations can be reasonably long term, i.e., 1 or more years

at any particular rate.

1.121 It has been assumed that there would be no reclaim for the first
year after closure of the diversion at Dam No.l, to allow accumulation
of sufficient water to keep the deposited tailings covered.

1.122 Study has indicated that a rate of 6,000 USGPM would be required
to cope witn the 5-year design wet period if it occurred during the
critical 5-year period immediately following closure of the diversion.
The studies indicated that a 6,000 USGPM pumping rate would also be
required during the last few years of operation when the free-water
pond is being reduced in volume. Because the mill design would not
accommodate much more than 6,000 USGPM, a wet period at the end of
operations could result in a delay in drawing down the pond and the

reclamation activities.

1.123 It is not reasonable to provide pumping facilities that would
quickly evacuate the runoff from a probable maximum storm, because
that would greatly exceed the mill requirements and would have to be
released into the environment. Therefore, should a probable maximum
storm occur during a wet period, such that the design reservoir

level is reached, the freeboard on the dams would be increased instead.
This can be done with relative ease even in the critical early years
of construction, using the downstream portions of the dams as a source
of borrow material if the need becomes particularly urgent. At the
end of the sixth year of operation, the freeboard would be more

than adequate in any event, and excess water from an unusual storm
could be reduced gradually over many years and at rates within a
range acceptable to the mill.

1.124 Even though quite flat slopes are anticipated for the deposited
fine tailings, it is not possible to properly fill the pond from the
perimeter only. Consequently, the tailings pond would be divided into
a number of cells by splitter dikes, from which dikes the tailings

can be deposited out into the pond. The system of splitter dikes

shown on exhibit 30 is expected to suffice.
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r evaporation or evapotranspiration.

1.125 The dikes would serve not only to support the tailings pipe-
lines but would also serve as railway spurs for transport of coarse
tailings. Consequently they would be built of coarse tailings
acceptable for railway standards. Culverts would be installed to

balance water levels between cells.

1.126 The fine-tailings slurry would be discharged from spigots
which are small lines branching from the main pipelines on the dam
and splitter—-dike crests. To avoid erosion of the dams, the spigots
would be long enough to extend down the slopes and to discharge
directly into the pond. Floats on the spigot ends would keep them

from being buried.

1.127 The rates of slurry discharge at any one point should be kept
low in order to get a reasonable period of discharge before the

deposit becomes exposed. Consequently, the spigots should be small,
about 4-inch diameter maximum, and they should be spaced at not more
than about 1,000-foot centers. Care would be taken to avoid spigotting
close to the water-reclaim pump barge so as to avoid causing turbid

water in that area.

1.128 The coarse tailings would be transported to points along the
pond shores and onto the splitter dikes in side-dump railway cars

and would be pushed out from the dikes onto the submerged fine-tailings
deposits. By careful planning of these operations, it should be possible
to limit the areas of exposed coarse tailings to widths of not

more than 300 feet at any one time.

1.129 Coarse tailings must not be placed along the faces of the
tailings dams because such action would create wide pervious zones
down the faces of the dams. These pervious zones would nullify the
reinforcing effect that the fine tailings are intended to provide

for the thin glacial-till membranes.

1.130 When the project nears the end of the mine life, special
efforts would be made to raise the tailings level in some of the
cells above the average level of the settled tailings, to heights
equal to or slightly below the average level of the ultimate pond
area. A coarse-tailings cap several feet deep would then be worked
out over the cells to provide a firm and stable final surface.
Seeding and reforestation would proceed concurrently.

1.131 Fine tailings produced during this final period would continue
to be dumped in cells that would be deliberately left low for that
purpose. These cells would also comprise the final lakes or ponds.
Coarse-tailings beaches would be placed around the lakes to provide
safe footing.

1.132 The free-water pond would be reduced in volume and area con-
currently with placing and seeding of the coarse-tailings topping
layer. The result would be a large meadow with one or more small
ponds, with the entire area protected at the extremities by the




Because the runoff from the probable maximum storm would occur very

rapidly, no allowance has been made for evaporation or evapotranspiration.

There would, of course, be some temporary retention of water by ground-
absorption during the storm, but most of this retained water would
drain into the pond in due course. Accordingly, it was assumed that
the runoff from the probable maximum storm would be equal to the
rainfall, i.e., 30 inches.

1.120 Exhibit 36 snows the design water levels and reclaim rates used -
in the pond operating study. Exhibit 37 shows how the design water
levels fit with dam crest levels predicted from the dam construction
scheduling. With a relatively constant rate of transport water inflow
and a highly variable natural runoff, it follows that the water
reclaim rates must also be variable. However, because a very large
pond would be needed to keep the bulk of the tailings covered, the
actual variations can be reasonably long term, i.e., 1 or more years

at any particular rate.

1.121 It has been assumed that there would be no reclaim for the first
year after closure of the diversion at Dam No.l, to allow accumulation
of sufficient water to keep the deposited tailings covered.

1.122 Study has indicated that a rate of 6,000 USGPM would be required
to cope witnh the 5-year design wet period if it occurred during the
critical 5-year period immediately following closure of the diversion.
The studies indicated that a 6,000 USGPM pumping rate would also be
required during the last few years of operation when the free-water
pond is being reduced in volume. Because the mill design would not
accommodate much more than 6,000 USGPM, a wet period at the end of
operations could result in a delay in drawing down the pond and the
reclamation activities.

1.123 It is not reasonable to provide pumping facilities that would
quickly evacuate the runoff from a probable maximum storm, because
that would greatly exceed the mill requirements and would have to be
released into the environment. Therefore, should a probable maximum
storm occur during a wet period, such that the design reservoir

level is reached, the freeboard on the dams would be increased instead.
This can be done with relative ease even in the critical early years
of construction, using the downstream portions of the dams as a source
of borrow material if the need becomes particularly urgent. At the
end of the sixth year of operation, the freeboard would be more

than adequate in any event, and excess water from an unusual storm
could be reduced gradually over many years and at rates within a

range acceptable to the mill.

1.124 Even though quite flat slopes are anticipated for the deposited
fine tailings, it is not possible to properly fill the pond from the
perimeter only. Consequently, the tailings pond would be divided into
a number of cells by splitter dikes, from which dikes the tailings

can be deposited out into the pond. The system of splitter dikes
shown on exhibit 30 is expected to suffice.
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1.195 The dikes would serve not only to support the tailings pipe-
lines but would also serve as railway spurs for transporF ?f coarse
tailings. Consequently they would be built of coarse'talllngs
acceptable for railway standards. Culverts would be installed to
balance water levels between cells.

1.126 The fine-tailings slurry would be discharged from spigots
which are small lines branching from the main pipelines on the dam
and splitter—dike crests. To avoid erosion of the dams, the spigots
would be long enough to extend down the slopes and to discharge
directly into the pond. Floats on the spigot ends would keep them

from being buried.

1.127 The rates of slurry discharge at any one point should be kept
1ow in order to get a reasonable period of discharge before the

deposit becomes exposed. Consequently, the spigots should be small,
about 4-inch diameter maximum, and they should be spaced at not more
than about 1,000-foot centers. Care would be taken to avoid spigotting
close to the water-reclaim pump barge so as to avoid causing turbid
water in that area.

1.128 The coarse tailings would be transported to points along the

pond shores and onto the splitter dikes in side-dump railway cars

and would be pushed out from the dikes onto the submerged fine-tailings
deposits. By careful planning of these operations, it should be possible
to limit the areas of exposed coarse tailings to widths of not

more than 300 feet at any one time.

1.129 Coarse tailings must not be placed along the faces of the
tailings dams because such action would create wide pervious zones
down the faces of the dams. These pervious zones would nullify the
reinforcing effect that the fine tailings are intended to provide
for the thin glacial-till membranes.

1.130 When the project nears the end of the mine life, special
efforts would be made to raise the tailings level in some of the
cells above the average level of the settled tailings, to heights
equal to or slightly below the average level of the ultimate pond
area. A coarse-tailings cap several feet deep would then be worked
out over the cells to provide a firm and stable final surface.
Seeding and reforestation would proceed concurrently.

1f131 Fine tailings produced during this final period would continue
to be dumped in cells that would be deliberately left low for that
purpose. These cells would also comprise the final lakes or ponds.

Coarse-tailings beaches would be placed around the lakes to provide
safe footing.

1.132 The free-water pond would be reduced in volume and area con-
currently with placing and seeding of the coarse-tailings topping
layer. The result would be a large meadow with one or more small
ponds, with the entire area protected at the extremities by the
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tailings dam standing several feet above the general level. The
average level in the ultimate tailings pond area would be about
El. 1305 while the dam crests will be El. 1315.

1.133 The 10 feet of freeboard above the average pond level is
about double the volume required to store the runoff from a 96-hour
maximum probable storm on the 8.7-square-mile catchment. Con-
sequently the ultimate spillway would not be required to handle
peak flows, and need only be sufficient to cope with normal flows
and to restore water levels in the ponds to normal within a
reasonable period of time after unusual floods.

1.134 The final spillway location has as yet to be determined, but

it is expected to be at one of several suitable points in the rock

area of the east ridge. The site chosen would be such that the

outlet end of the spillway channel is in sound rock to protect

against erosion. A low concrete weir would serve to provide a positive
control level.

1.135 A minimal width of channel (12 to 15 feet) should suffice

to cope adequately with any conditions that can be conceived. Average
annual flows would be in the order of 10 cfs and the peak flows following
an extreme storm should not exceed 500 cfs. Crest level for the con-
crete weir would be on the order of El. 1303. That level would,

of course, also be the minimum level for the small ultimate free-

water pond or ponds.

1.136 A somewhat more elaborate spillway control facility may be
adopted if it is found necessary to limit the maximum discharge rates.
This might take the form of a pipe or port set in the weir so as to
throttle the flow more than would be possible with just a free crest
and open channel. The need for such measures can only be resolved
when the site has been selected and hydraulic studies have been

done on downstream channel characteristics.

POWER PLANT MODIFICATION

1.137 Currently, the condenser cooling water, along with all other
water used in the Lakeside Power Plant, is discharged into a sump
where it is then used in the taconite-processing operation. Under the
new proposal, Reserve proposes to use a closed-cycle water system for
the taconite-processing operation. Thus, a new discharge point for
the condenser cooling water would be necessary. All other water used
in the power plant, such as boiler blowdown, floor drains, boiler
wash-water, etc., would continue to be routed to the taconite-pro-
cessing operation for use there. Sanitary wastes would continue

to be routed to the Silver Bay municipal sewage system.
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1.138 Reserve proposes to close tne existing power plant intake
structure, and modify the existing intake for the taconite plant
to serve the power plant once the taconite operation goes to the
closed-cycle water system.

1.139 Reserve proposes to discharge condenser cooling water via a
steel pipe of 6-foot diameter, running from the power plant along

a presently in-place rock breakwater to, and across, Beaver Island
(exhibit 38). Th pipe would carry the heated discharge water to a
concrete diffuser constructed on the southwestern corner of the
island. From the diffuser, -a 6-foot-diameter steel pipe would extend
about 180 feet into the lake and rest on a rock-fill berm placed on
the lake bottom. A 5-foot by 4-foot outlet nozzle would extend about
10 feet beyond the rock fill. The nozzle center would be a minimum
of 20 feet from both the lake surface and the bottom.

;7140 The berm would be constructed of mine waste rock (rock from

the mine too low in ore content to be usable in the taconite processing).
About ?,OOO cubic yards of tailings and sediments would be dredged

from the site to provide a stable base for the berm. This material
would be disposed of on the tailings delta., About 2,000 cubic yards

of mine waste rock would be needed to construct the berm. The rock
would be put in place by dump barge.

1.141 Approximately 106,019 gpm of cooling water would be discharged
fr?m the plant. The water would be 12° F above ambient temperatures.
Using a thermal plume model developed by Dr. D. W. Pritchard, of

Johns Hopkins University, Reserve has calculated that the 3° F isotherm
resulting from the discharge would envelop less than 1 acre (exhibit 39).

DELTA STABILIZATION

1.142 Reserve proposes to stabilize the tailings delta along the
following conceptual steps:

a. An initial broad dike 5,100 feet long, 25 feet high and
100 feet wide of waste mine rock would be constructed on a line about
600 feet inland from the present lakeside edge.

b. Lake Superior wave action would erode a natural beach on the
portion of the delta lying lakeward of the dike.

c. When the tailings beach erosion had progressed sufficiently
to permit the waves to reach the dike, the initial dike on the lake

side would be flattened by wave action and rock would be spread over
the beach.
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e waste rock would be added along the

d to the protective layer being formed
for losses due to changes in water

ten this maintenance would

d. Periodically, min
lakeside face of the dike to ad
on the beach and to compensate
levels. It is not presently known how of
be required.

e. Behind tne dike, Reserve proposes to revegetate the delta.

d at this point that the proposed he%ted
ould have to be completed and operatloga%
1and disposal of taconite tailings.

1.143 It should be note

water discharge system wou.

itch to on-—
pbefore Reserve could swi d .
This is not the case with delta stabilization.
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2.000 ENVIRONMENTAL SETTING

SILVER BAY AREA

Climate

2.001 The climate of the Silver Bay area is primarily determined by its
latitude and its proximity to Lake Superior. The area is in the zone

of prevailing southeasterly movement of the earth's atmosphere

although southerly and northerly winds frequently occur. During

the winter season, northerly winds are very common with frequent
outbreaks of cold polar air. During the summer the area is just

north of the mean path of warm, moist air from the Gulf of Mexico

and the southwest United States. Summers are usually mild with

a few periods of warm and humid conditions.

2.002 Approximately 60 percent of the annual precipitation occurs
during the months of May through September, with the drier periods
extending from November to March. Seasonal snowfall averages approx-
imately 70 inches in the area, nearly 30 percent greater than other
areas of the State. The heavier snowfalls are due to occasional
northeast winds in which moisture-laden air from Lake Superior pro-
vides precipitation.

2.003 Average annual precipitation for the area is 23.85 inches

(Two Harbors station). Utilizing precipitation records from 1906

to the present, indications are that only 2 percent of the time will
the annual precipitation exceed 40 inches per year and 98 percent

of the time it will exceed 15 inches per year. The maximum rain-

fall for a 24-hour period occurred during August 1939; a total of

5.25 inches fell in the Two Harbors area. Tech. Paper No., 40

(U.S. Weather Bureau) estimates that the 100-year frequency, 24-hour
duration rainfall for the area is 5.08 inches. The maximum probable
precipitation in 6 hours for a 10-square mile area would be 22 inches.

2.004 Winds tend to prevail from the northwest much of the year
with easterly winds prevailing in late spring and early summer.
Wind speeds average 10 to 12 miles per hour year-round.

2.005 Mean monthly temperatures range from a low of 14.8° F in
January to 65.3° F in August (Two Harbors station). Winter temper-
atures occasionally drop to the -20° F range while summer highs
may exceed 90° F. However, Lake Superior tends to moderate temper-
ature extremes at Silver Bay.




Air Quality and Stability

2.006 Ambient air quality in the Silver Bay area has only been
tested for total suspended particulates (TSP) and fibers. Reserve
has sampled for TSP.at seven stations in the Silver Bay area since
1971 and at 12 statioms since 1974. The annual geometric means

have ranged from 13 to 43 ug/m% (The State and Federal primary
standard is 75 ug/m’ and the secondary standard is 60 ug/m3-)
However, some of the stations have recorded concentrations exceeding

the maximum Z%4-hour ~oncentration prescribed by the primary standard
(260 ug/m ). (Sec table 2.)

2.007 Sampling for airborne fibers was conducted on four occassions
from December 1974 to August 1975. The results of the sampling were
sent to different laboratories for analysis. The results are shown

in table 3. As can be seen from the data, there is a wide variation
among laboratories. The MPCA believes the data arrived at by the

Mt. Sinai, Minnesota Health Dept., and the Environmental Protection
Agency Water Quality Lab to be the most accurate, based upon procedures
used by the various laboratories.

2.008 The meteorologiral factors that affect the transport and dis-
persion of air pollutants can be referred to as the "air pollution
potential." The method by which effluents diffuse is primarily a
function of the stability of the atmosphere along with wind speed

at ground level. The atmospheric stability determines the amount

of vertical and lateral mixing or dispersion of air pollutants as
they are carried away from their sources by the wind. An important
factor that affects the rate of diffusion of air pollutants is
associated with atmospheric turbulence and by a mixing height which
is the upper level of the meteorological boundary layer.

2.009 1In regard to air movements and mixing heights, the presence
of Lake Superior can influence considerably the dispersion of air-
borne pollutants. For example, in the late spring the neighboring
large bodies of water are still cold relative to the adjacent land
masses. This difference will be greatest during mid-afternoon’

due to the rapid solar heating of the land mass. If the general
wind flow results in a long passage of air over water and is blowing
towards shore, the air will cool and cause an inversion in the air
reaching the shoreline. Air pollutants released into the air stream
will usually spread horizontally but rarely, if at all, vertically.
The practical result is that pollutants will tend to sink and remain
at ground level in these periods of inversion.
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Table 2

RESERVE AIR QUALITY MONITORING SYSTEM
MEASUREMENTS IN EXCESS OF MPCA STANDARDS
1 SEPTEMBER 1973 - 31 AUGUST 1976

Standagd Range Mean Median
Station pg/m #Violations (pg/m3) (Jlg/m3) (,ug/m3)
#1 1502 -7 166-211 177 173
#2 260P 9 274-458 321 305

150 55 152-256 194 195
#3 150 5 151-210 177 173
4 260 ‘ 9 273-761 402 385
150 48 153-249 191 192
it5 150 12 152-232 182 186
6 260 5 277-500 376 373
150 21 151-251 169 178
#7-9 No Violations
#10 150 1 156 156 156
#11-12 No Violations
a. Secondary standard - max. 24-hour conc.
b. Primary standard - max. 24-hour conc.
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Laboratory Results
Amphibole Fibers/ (meter)

Health
Dept.

Location in

ADL?

EPA-WQLY

ITTRI

Sinai

Mt.

Date

Silver Bay

Sample

5,900 3,200

262,000 390,000

335,000

8/21-28/175

Campton School

7144A

2,700 5,400

177,000

235,000

164,000

8/21-28/75

McDonald School

71448

3,000 6,600

174,000

178,000

323,000

8/21-28/75

Kelly School

7144C

3,900 12,800

450,000

513,000

384,000

5/21-29/75

Campton School

9040

2,500 6,100

351,000

448,000

502,000

5/21-29/75

McDonald School

9041

34

6,200

569,000 800

516,000

583,000

5/21-29/75

Kelly School

9042

1,000 1,600

67,000

33,000

53,000

3/31-4/10/75

Campton School

9061

5,800 12,400

112,000

358,000 71,000

3/31-4/10/75

McDonald School

9062

o
(@]
e¢]
-
o

120,000 600

240,000 76,000

3/31-4/10/75

Kelly School

9063

4,400 10,400

138,000

158,000

252,000

12/2-9/74

Campton School

4221

1,400 8,000

96,000

99,000

100,000

12/2-9/74

McDonald School

4222

3,200 20,000

230,000 221,000

394,000

12/2-9/74

Kelly School

4223

1 - Environmental Protection Agency - Water Quality Laboratory

2 - Arthur D. Little, Inc.

2,010 Low level (150 meters) temperature inversions are very common
 during nighttime hours in northeastern Minnesota, occurring 50 to 60
percent of the time. During warm weather, the heat sink created by
Lake Superior substantially increases the frequency of temperature
inversions along the lake shore.

2.011 Because the terrain of the area consists mainly of low rolling
hills, there is little chance of air trapping due to canyon effects.
Also the mean wind speed of almost 12 miles per hour (Little, 1975)
tends to increase the dispersion rate of emitted pollutants in the
area and thus minimizes the ambient concentration of the area.

Sgocio-Economic Environment

2.012 Silver Bay has grown up as a company town around the Reserve
plant which was constructed there in the early 1950's. The residential
areas have tended to spread out as there is plenty of land available.
The commercial community is located primarily along U.S. Highway 61

and its adjacent blocks. Silver Bay became incorporated as a village
in 1965 and is administered by the mayor-village council system of
government. The present census of Silver Bay shows a population of
3,405.

2.013 Silver Bay has the facilities customarily found in towns

of comparable size for educational, religious and recreational life
of their residents. Most of the homes are single-story, three-
bedroom structures with full basements. More than 95 percent of

the homes are privately owned. The public schools are of high
quality, and the community has excellent recreational facilities.

The health care for the community is considered adequate, with Duluth
having the most convenient hospital facilities. Silver Bay maintains
its own fire and police departments and water and sewage Systems.

2.014 About 62 percent of the employees working at Reserve's Silver
Bay plant live in Silver Bay. The remainder commute from neighboring
communities, primarily Two Harbors (18.6%), Finland/Little Marais
(7.2%), Beaver Bay (5.4%), and Duluth/Superior (5.2%). In addition
to the 1,432 people employed at Silver Bay, Reserve also employs

1,640 people at their BabbBitt site (mining and primary crushing
operations).

2.015 The importance of Reserve's employment to the economy of the
§rea i§ reflected by the fact that nearly 80 percent of the labor
bor%é in Silvgr Bay and 65 percent in Babbitt are directly employed
by eserve. When indirect (and induced) employment - that supported
¥y purchases of Reserve and spending by its employees is taken
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into account, virtually tine entire labor rorce in Silver Bay and
at least 75 percent of Babbitt's are attributable to Reserve's
operations. Wages earned directly and indirectly which are attri-
butable to Reserve in Silver Bay amount to nearly $15 million and
to more than $10 million in Babbitt.

2.016 Within the commuting area of Silver Bay and Babbitt,

Reserve has a dominant economic influence. For example, in the area
of Two Harbors, Beaver Bay, and Little Marais, it is estimated that
more than half of the employment is attributable to Reserve. Total
income earned by people in the Silver Bay area whose employment

is directly and indirectly attributable to Reserve amounts to

nearly $22 million. In the Babbitt-Ely area, nearly 60 percent

of all employment is attributable to Reserve, and total wages

earned amount to more than $20 million.

2.017 Reserve accounts for more than one-fourth of the employment
in the taconite industry in the State. Total wages directly and
indirectly resulting from Reserve's operations amount to $68
million annually. Most of this 1s earned by people living in the
vicinity of Silver Bay, Babbitt, the Iron Range, and Duluth.

2.018 Mining and processing taconite to produce iron-rich pellets
requires tne purchase and consumption of substantial quantities of
materials, supplies, and services. Many of Reserve's suppliers are
located in Minnesota. Reserve reports spending $50.66 million on
such purchases during 1974. Of this total, $36.8 million--about

73 percent—-was spent in Minnesota. These purchases plus those of
Reserve employees support employment in other sectors or industries
of the economy, especially at the local and regional level. . The
taxes paid by Reserve and its employees also support employment

in the public sector of the economy. The generation of this additional

employment by the economic activities of Reserve and its employees
is analyzed and estimated by the determination of the employment
"multiplier"--an estimate of "indirect'" and "induced'" jobs in the
total economy that can be economically linked to direct economic
inputs and activity. A study of the regional economy concluded
that approximately one job is generated for every mining job in

tne region. Thus, Reserve Mining operations could be generating up
to 3,000 additional jobs in other sectors of the economy, with the
associated income, spending, and taxes from such employment.

2.019 1In addition to the usual economic effect attributable to any
operating company, Reserve has participated in other affairs of
local, regional, State or national concern and interest. Corporate
donations totaling about $41,000 in 1974 were primarily directed

to local and regional community affairs. One-third of the total
was used for scholarships. Reserve spent $109,600 on membership
dues in 1974.
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2.020 During 1971-1973 the direct operating cost of Reserve's existing
mining and processing facilities ranged from about $3.05 to $8.80

per long ton of pellets produced. The total operating cost incurred,
including State taxes, royalties, interest, depreciation, and other
adjustments, ranged from about $12.20 to $12.60 per long ton of
pellets produced. During this period, the price of Reserve's pellets
FOB Silver Bay, based on the Lake Erie price (Lake Erie price is

the price of pellets accepted by the U.S. Internal Revenue Service
and State of Minnesota for tax purposes), ranged from about $15.00

to $15.50 per long ton. The income before depletion and Federal
income taxes to Armco and Republic (parent companies) ranged from
about $2.35 to $2.90 per long ton of pellets. During 1974 and 1975,
the Lake Erie price for pellets increased substantially. Since
January 1974, the Lake Erie price has increased from 29.4 cents

to the current price of 47.2 cents per long ton unit of natural iron,
resulting in a 60-percent increase in pellet prices.

2.021 In mid-1975, Reserve's direct operating costs were $12.13
per long ton of pellets, and the total operating cost incurred was
$17.67 per long tomn of pellets, as shown in table 4, below.

TABLE 4

ESTIMATED TOTAL OPERATING COST INCURRED FOR RESERVE'S EXISTING
MINING AND PROCESSING FACILITIES FOR 1975%

$/Long Ton Pellets

Pellet Price, FOB Silver Bay : o 24,478
Mining :
Mine Stripping ‘ Reserve Mining Company
Coarse Crushing claims that publication of
Rail Haulage : the individual components
Fine Crushing : o of its direct operating
Concentrating . costs would adversely
Pelletizing ‘ . affect its competitive

- Works General Expense position.

- Tounsites
Administration _
Research and Development : e
Direct Operating Cost ) 12.134
Royalties : : - 1.904
State Taxes ‘ 1.764
Depreciation _ S - 1.228
Interest . 0.537
Other Costs and Adjustments 0.098
Total Operating Cost Incurred \ 17.665

s :
Average for May through August 1975; Extrapolated from data for
the first 4 months of 1975.




TABLE 4  (cont.)

Net Income Before Depletion and

Federal Income Taxes 6.8%;
Depletion 3_206
Federal Taxable Net Income .
Federal Income Tax T 1.635
Net Income After Depletion and )

Federal Income Tax 1.771-
pepreciation ﬁ.iég
Depletion _3.407
Cash Flow Before Lcan Repayment , . 6.406
Loan Repayment .80?
Cash Flow After Loan Repayment 5.603

2.022 Based on the Lake Erie price, the price of Reserve's pellets
FOB Silver Bay is $24.48 per long ton, resulting in income before
depletion and Federal income taxes to Armco and Republic of $6.81
per long ton of pellets. Based on pellet production of 10.4 million
long tons of pellets, this current income is $70,855,000 per year.
Thus, income before depletion and Federal income taxes to Armco and
Republic has increased from an average of about $25,000,000 per year
for the 1971 to 1973 period to an estimated $70,855,000 for 1975.

2.023 Of major importance to Armco and Republic is tne amount of
cash or cash flow generated by Reserve and available to the parent
companies for other uses. Since Reserve is a cost company, Armco
and Republic reimburse Reserve only for the actual cost incurred

by Reserve in producing the pellets. If Armco and Republic were to
purchase Reserve pellets at the Lake Erie price, the cost of Armco
and Republic would be substantially greater than the amount paid

to Reserve. The cash flow generated by owning Reserve, and thus
available to Armco and Republic, is determined by using the Lake
Erie price for Reserve's pellets rather than the actual cost incurred
by Reserve. Based on Reserve's mid-1975 costs and the current Lake
Erie prices, the amount of cash generated by Reserve after existing
loan repayments, and available to Armco and Republic for other uses,
is estimated to be $58,300,000 in 1975. This is based on a cash
flow, after loan repayment, of $5.603 per long ton of pellets.

LAKESIDE POWER PLANT SITE

Water Resources

2.024 The dominant water resource at Silver Bay is Lake Superior.
The Beaver River enters the lake about 2.4 miles southwest of the
Lakeside Power Plant while Palisade Creek flows into the lake about
4.5 miles northeast of the plant. An artificial harbor has been

created near the power plant by installing a breakwater between
the mainland and Beaver Island.
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2,025 Lake Superior is characterized by cold temperatures and soft

Water temperatures in the lake fluctuate §1ightly, ranging
zati;é 40's most of the year. Hardness is approximately 44 ppm
n

caCo and pH is approximately 7.5. Exhibit 40 contains the chemical
a ’

characteristics of Lake Superior.

2.026 Shipping has been responsible for some wa%er qua%itz.de§Zidizlon
i; the open water and harbor areas of’Lake Superlor: Oli is; ges,
ilege wastes and garbage from commercial vessels using the i.e
Zavi created occasional problems in the past. The'watez quioztyin_
ralizations made for the open 1ak§ are appropriate Ior . '
o ters The widespread indications of change and deterioration
e wile ig the inshore waters of the other Great Lakes are, for
Ozsergzt part, not apparent in Lake Superior. There are exceptiong,
io:eser. The;e include water quality p¥o§lems in Fhe Du;uth—Superlor
Harbor and the discharge of taconite tailings at Silver Bay.

2.027 A number of drinking-water supply intakes are l?cated along
the north shore. Their locations in relationship to Silver Bay

are shown in exhibit 41.

Aquatic Biota

2.028 Fish. A variety of fish species are found in t?e ngar shore

or harbor areas of Lake Superior. The assemblage ?f f}sh is generally
comprised of stenothermal '"cold water'" species (wﬁlteflsh, tro?t,
etc.), but species are also present which are typ1§a11y found in
warmer water (walleye, yellow perch and northern pike).

2.029 Lake Superior is characterized by the salmonids %nclud%ng
lake trout, (Salvelinus namaycush) , steelhead (Salmo gairdneri)

and brown trout (Salmo trutta), and more recently the coho salmon
(Oncorhynchus kisutch). The lake trout has been gradually depleted
over the years by the sea lamprey (Petromyzon marinus) and heavy

fishing pressure, but still it has been, and continues to be,
the most important sport fish caught in Lake Superior. Present
populations are higher than those of the recent past. Lakg—rQn
brown trout and rainbows are important and receive heavy fishing
pressure during the spring and £all spawning runs.



https://fish:i,.ng

2.030 Beaver River and Palisade Creek, the two streams on either
side of Silver Bay, support spring steelhead runs. The Minnesota
Department of Natural Resources surveyed north shore streams with
respect to the steelhead fishery in the 1960's and found that the
Beaver River has .16 mile of steelhead water and Palisade Creek has
1.19 miles as compared to the average of .60 mile for the 15 streams
surveyed. Both the Beaver River and Palisade Creek were lightly
fished in comparison to the other streams.

2.031 The Beaver River was stocked with coho salmon in 1970-72 but
the attempt to establish a fall fishery has been relatively unsuccess-
ful. Fishermen fish for lake trout and salmon in the nearsiore

waters around Silver Bay.

2.032 Plankton. The plankton population of Lake Superior is sparse,
and dominated by forms characteristic of cold, deep lakes. Recent
studies show that diatoms are the most abundant plankton groups.

The most abundant of phytoplankton include: Asterionella formosa,
Tabellaria fenestrata, Melosica granulata, Dinobryon sp., Synedra
acus, and Cyclotella sp. (Beeton, 1965).

2.033 The following zooplankton have been listed (Eddy, 1943) as
common in Lake Superior:

rotifers - Keratella cochlearis and Keblicottia longispina

cladocerans - Daphnia longispina and Bosmina longirostris

copepods - Diaptomus minutus, D. silcilus, Epischure lacustris,
Limnocalanus marcrurus and Cyclops Bicuspidatus

2.034 Benthos. The amphipod Pontoporeia affinis, oppossum shrimp
Mysis reletica, and the midge-fly genus Hydrobaenus are dominant
members of the Lake Superior bottom fauna (Beeton, 1965).

Terrestrial Biota

2.035 Vegetation. The areas immediately surrounding the Reserve
complex at Silver Bay are covered by second growth deciduous forest
with aspen (Populus tremuloides) and white birch (Bethula papyrifera)
dominating.
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2.036 The Lakeside Power Plant site itself has little vegetation on
it. Scattered weeds and grasses have taken hold along the buildings
and fences. The breakwater leading out to Beaver Island has a lush
growth of weeds growing along the road. The tailings delta has

little growing om it except some experimental grass and legume plots
planted by Reserve employees. Beaver Island, about 6 acres is size,

is capped by trees and shurbs. Some of the most common are white
birch, mountain ash (Sorbus americana), aspen, wild cherries (Prunus
sp.), hazelnut (Corylus sp.) and bush honeysuckle (Diervilla lonicera).

2.037 Wildlife. The Lakeside Power Plant site offers little in the
way of wildlife habitat as most of the area is graveled and used

for buildings or storage areas. The weed growth along the break-
water and Beaver Island itself offers some habitat for small mammals,
songbirds, and gulls (Carus sp.). During the migration season, water-
fowl are occasionally seen around Beaver Island and the tailings
delta. In the fall, migrating hawks funnel down the ridge along the
North Shore, thus providing some of the best '"hawk watching'" in the U.S.

MILE POST 7 SITE

Geology -

2.0 38 Northeastern Minnesota is underlain exclusively by Precambrian
rocks beneath the galcial deposits of several ice invasions. The
last glacial advance retreated from the Silver Bay area about 10,500
years ago. The bedrock at Silver Bay is primarily Beaver Bay gabbro
of Precambrian age with some extrusive lava flows of the same age.
This part of Minnesota is not a seismically active area and the
chances of an earthquake are remote.

2.039 The bedrock in the valley floor under the fine tailings

portion of the proposed Mile Post 7 site is composed of North Shore
Volcanics. The Beaver Bay Complex, a more durable rock than the
volcanics of the valley floor, intruded upon the volcanics, forming
tne east valley wall. The east ridge, which is part of the Beaver Bay
complex, is characterized by a thin soil layer and frequent rock
outcroppings. The west ridge area has few outcrops; but in general,
it is believed to be underlain by North Shore Volcanics and minor
intrusives.
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Mineral Potential

2.049 As mentioned above, the Mile Post 7 site is underlain partly

by mafic intrusive rocks (Beaver Bay Complex) and partly by intrusive
and extrusive igneous rocks which are probably part of the North

Shore Volcanic group. - The intrusives of the latter group may have
some general potential for copper, but no mineralization has been
reported from the site. Non-commercial copper sulfide minerals have
been reported some 12 miles to the northeast and a native copper
occurrence 10 miles east of the site. No commercial ore bodies

have ever been discovered in this area. The copper resource potential
of tne site is considered low.

2.041 The intrusive mafic rocks of this region contain occasional
larger blocks of anorthosite. Such blocks might have long-term
potential for aluminum. However, very large masses of anorthosite

and suitable clays occur elsewhere in Minnesota and the rest of

the United States where they would be more easily mined. The operating
and capital cost estimate for aluminum production from anorthosite

is nearly double the costs for aluminum from bauxite. The cost

to produce aluminum from clay is nearly as high as from anorthosite.

No large blocks of anorthosite are known to occur at the site, and

if any do occur, they are covered by the glacial till and lake clays.

Soils

2.04 2 The soils on the Mile Post 7 site were primarily derived from
glacial till and Lake Superior clays. Glacial tills are of three
basic types: gravelly sandy loam (10 percent of the site); sandy
loam till (10 percent of the site); fine sandy loam (20 percent

of the site).

2.043 About 30 percent of the site is covered by the Lake Superior
clay. The soils are over 80 percent clay, being finer than 2 micro-
meters in grain size, with illite being the most abundant clay mineral.
Peat soils also cover about 30 percent of the site. These soils

are formed from the accumulation of undecomposed vegetation material
in wetland areas. Reed-sedge with a high percentage of wood fiber

is the most common type of composition. These soils are generally

low in fertility and very acidic in character.

2.044 The U.S. Soil Conservation Service has, based upon soils

present on the site and slopes, determined that 795 acres of the

Mile Post 7 site are potential prime agricultural land. On the

Mile Post 7 site this land is in reality prime forest land (exhibit 50).
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Water Resources

2.045 The Mile Post 7 site lies entirely in the Beaver River water-
shed. The Beaver River watershed, tributary to Lake Superior, has

a total area of approximately 131 square miles. The watershed appears
to be typical of many of the short streams directly tributary to

Lake Superior along the North Shore. The terrain can be described

as rugged with relatively steep gradients which produce rapid runoff
in response to heavy rainfall. Storage areas such as marshes, which
slow the rate of runoff within the watershed, are limited, probably
within the range of 10 to 20 percent of the total area. The stream
network within the Beaver River watershed consists of a rather complex
array of small channels and tributaries to the Beaver River, and its
west and east branches.

2.046 TImmediately adjacent to the site is Bear Lake. Bear Lake is

a relatively small lake a little over one-half mile long and less than
one-fourth mile wide. The lake has no active outlet or tributary
streams. It drains into the proposed tailings basin site via an
intermittent creek.

2.047 The limits of the existing local ground water basin at the
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