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CHAPTER 2.0

DESCRIPTION OF THE ENVIRONMENT

The purpose of this chapter is to present a comprehensive
description of the physical, chemical, biological, cultural, and socioeconomic
environment associated with the Crandon Project. The information contained
in this chapter is derived from studies performed to ascertain existing
conditions of air quality and meteorology, geology, surface and ground waters,
aquatic and terrestrial ecology, history and archaeology, noise, land use
and aesthetics, and socioeconomics. The rationale and methodology for each of
the studies are presented in the individual sections of the chapter.

In addition to providing basic information for description of the
environment, these studies define existing conditions for future comparison
with changes potentially caused by construction or operation and will
facilitate assessment of potential environmental impacts. Further, these
data were incorporated into decisions made during project design and site
sglection to minimize potential environmental effects and to provide a basis
for reclamation planning.

The environmental studies were designed and conducted by a multi-
disciplinary team of professionals in close coordination with the Wisconsin
Department of Natural Resources (DNR) and Exxon Minerals Company personnel.
The technical content of the studies was determined based on the 1976
guidelines provided by the State of Wisconsin for the implementation of the
Wisconsin Environmental Policy Act of 1972, and discussions with the DNR in
association with review and comment of a formal technical plan for the
environmental study program. In addition, quality control programs were

applied to all phases of the study program.
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Environmental studies were initiated in January 1977 and are
continuing. These investigations were initially focused from the ore body.
Subsequently, as knowledge of the Project evolved to include the potential
locations of various facilities, studies and schedules were adjusted to
address the associated environmental concerns.

For ease of reference and discussion in this report, various

geographic units have been defined for the Crandon Project; these include:

Site Area - This area is defined as those lands bounded on the north
by the Swamp Creek Valley, on the east by the Ground Hemlock Lake-Hemlock
Creek system, on the south by Rolling Stone Lake, and on the west by the
Pickerel Creek lowland system. Except for transportation links, all proposed

project facilities will be located within the site area.

Environmental Study Area - This is generally defined as an area of

land approximately 8 km (5 miles) in radius and centered on the site area.
Potential environmental effects related to project activities primarily will
be restricted to the environmental study area. Therefore, the environmental

studies were concentrated in this area.

Regional Study Area - This is the land area defined by a circle

approximately 40 km (25 miles) in radius and centered on the site area. The
regional study area provides a general perspective for the project location

relative to northeastern Wisconsin.

Local Study Area - This area encompasses most of Forest and Langlade
counties and approximately half of Oneida County. It includes 40 townships,

three cities, and a village and covers approximately 6,220 km2 (2,400 square




miles). This geographic unit was defined and used only for the socioeconomic

assessment.
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2.1 METEOROLOGY AND AIR QUALITY

The objective of the meteorology and air quality studies was to
documeng the pre-construction meteorological and air quality conditions
in the environmental study area. This objective was achieved by monitoring
meteorological conditions and concentrations of appropriate atmospheric
contaminants. The regional study area is predominantly rural in character and
no sizable emission sources were present in proximity to the environmental
study area.

Meteorological monitoring was designed to characterize meteoro-
logical conditions that might affect the dispersion of airborne contaminants.
This monitoring was conducted at three locations. At one major location,
continuous recording of wind speed, wind direction, temperature, and
precipitation was undertaken. Monitoring was also conducted for background
levels of atmospheric sulfur dioxide (SOj) at the major location and for
total suspended particulate (TSP) concentrations at three locations. The
sulfur dioxide (S03) sampling was included at the request of the Wisconsin
Department of Natural Resources (DNR) (Huntoon, 1977a). TSP samples collected
at the major location were examined microscopically to characterize the type
and, therefore, the source of the particulates. Particulate samples were

further analyzed for selected trace element concentrations.
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2.1.1 Field and Laboratory Methods

2.1.1.1 Station Locations

Three monitoring stations were operated within the environmental
study area (Figure 2.1-1). Station 1 was selected to monitor air quality and
meteorology data representative of the environmental study area in accordance
with the general guidance provided by the U.S. EPA (1974a). Several potential
locations were reviewed in the field to select the location for Station 1.
The following criteria were employed:

1) Relatively flat terrain;

2) Accessibility for installation and servicing of equipment;

3) Availability of electric power;

4) More than 30 m (100 feet) from unpaved roads; and

5) Lack of vertical obstructions.

After selection of the location for Station 1, representatives of the DNR
visited and approved the location (Huntoon, 1977b). Stations 2 and 3 were
added at a later date at the request of, and near the locations suggested
by, the DNR (Huntoon, 1977a). These 1locations were also inspected and
approved by the DNR (Kopecky, 1978; Chazin, 1979).

Station 1 was located approximately 3.2 km (2.0 miles) west of the
ore body in an open field approximately 61 m (200 feet) north of a paved road
(Sand Lake Road). The Universal Transverse Mercator (UTM) coordinates were
346890E and 5038500N. The open field extended at least 200 m (650 feet) in
the south through north sectors surrounding Station 1. To the south was Sand

Lake Road and an open field beyond the road. To the east and southeast there
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were short, widely spaced trees approximately 11 m (35 feet) from the station
and a house and farm buildings with trees approximately 61 to 76 m (200 to
250 feet) from the station. To the north—northeast, about 91 m (300 feet)
from the station, lay an open field with dense trees beyond.

At Station 1, wind speed, wind direction, temperature, precipi-
tation, TSP, and S09 were monitored. The wind sensors at Station 1 were
located on top of a 10-m (33-foot) tower. The temperature sensor was located
on the same tower 0.3 m (1 foot) below the top. The rain gauge was located on
a pole, which was approximately 6.1 m (20 feet) northwest of the tower and
2.1 m (7 feet) above the ground. A platform, 2.4 m (8 feet) above the ground
supported the high-volume TSP sampler and an enclosed SO) sampler. This
platform was approximately 7.7 m (25 feet) west-northwest of the 10-m
(33-foot) tower and approximately 3.1 m (10 feet) west-southwest of the rain
gauge pole. The criteria used in siting these monitors were in accordance with
U.S. Environmental Protection Agency guidelines (U.S. EPA, 1974a) for spacing
requirements.

Only TSP was monitored at Stations 2 and 3. Station 2, located
approximately 5.5 km (3.4 miles) northeast of the ore body, was in an open
field about 30 m (100 feet) east of a paved road (County Road W). UTM
coordinates were 355385E and 5040500N. There were no trees within 20 m
(65 feet) of the high-volume sampler, which was placed on a platform 2.4 m
(8 feet) above the ground. A circular clearing with a radius of approximately
23 m (75 feet) was cut in a heavily wooded area for Station 3, approximately
5.6 km (3.5 miles) southeast of the ore body. UTM coordinates were 354155E

and 5034430N. The sampler was on a platform 2.4 m (8 feet) high at the center

2.1-3



of the clearing, approximately 61 m (200 feet) from a gravel road (County

Road Q).

2.1.1.2 Monitoring Schedule

Air quality and meteorological monitoring in the environmental
study area was initiatéd on March 26, 1977, and continued through December 31,
1978. Meteorological (wind speed, wind direction, and temperature) and air
quality (TSP) monitoring began on March 26, 1977 at Station 1. At the request
of the DNR (Huntoon, 1977a), monitoring was expanded to include additional
parameters and additional locations. Precipitation and S0y monitoring were
added to Station 1 in Novewber 1977. Two monitoring stations, Stations 2 and
3, were added in January and February 1978, respectively, and included moni-
toring for TSP only. The TSP samples collected at Station 1 during monitoring
in 1977 were further analyzed at the request of the DNR for particulate
composition and trace elements selected by the DNR (Huntoomn, 1977a). The
monitoring period for each parameter is summarized in Table 2.1-1.

The meteorological parameters were monitored with continuous
recording instruments. The continuous data were reduced to l-hour averages
or, in the case of precipitation, l-hour totals. Data recovery was 70 percent
for wind speed and direction, 78 percent for temperature, and 60 percent for
precipitation.

The suspended particulate samplers were operated 24 hours, from
midnight to midnight, every third day. This sampling schedule was selected to
coincide with the statewide DNR sampling schedule of every sixth day.

Sampling every third day was performed to assure a more statistically reliable
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TABLE 2.1-1

MONITORING PARAMETERS AND PERIODS

STATIONS 1, 2, and 3

STATIONS AND PARAMETERS PERIOD MONITORED

Station 1

Wind speed and direction 03-26-77 to 12-31-78

Temperature 03-26-77 to 12-31-78

Precipitation 11-03-77 to 12-31-78

Total suspended particulates 03-26-77 to 12-31-78

Microscopic particulate characterization 04-U1-77 to 03-31-78

Trace elements analyses 04-01-77 to 03-31-78

Sulfur dioxide 11-24-77 to 11-22-78
Station 2

Total suspended particulates 01-20-78 to 12-31-78
Station 3

Total suspended particulates 02-01-78 to 12-31-78




data base. Data recovery was 90 percent at Station 1, 98 percent at Station
2, and 98 percent at Station 3.

Twenty percent of the particulate samples representing a range of
TSP concentrations were selected for microscopic particulate characterization.
The samples for microséopic examination were selected by analyzing every fifth
sample collected during the one year period between April 1977 and March 1978.
However, this sampling scheme was varied slightly to assure that a range of
concentrations examined included low, medium, and high concentrations. The
highest and second highest concentrations in the year were also included.
Particulate samples from Station 1 were also composited into quarterly samples
at the suggestion of the DNR for the trace element analyses (Huntoon, 1977a).
These quarterly composite samples were analyzed for each of the trace elements
specified by the DNR (Huntoon, 1977a). The results were reported as quarterly
average concentrations for each element.

The DNR also requested that SOy be monitored at Station 1 using an
S0y bubbler (Huntoon, 1977a). The bubbler is used in an integrated sampling
technique; that is, the bubbler collects the SOj sample over a 24-hour period
in an absorbing solution. The SOy content of the solution is analyzed, and
the results are reported as a 24-hour average concentration. The SOj bubbler
sampler at Station 1 was operated on the same schedule as the TSP samplers,

(that is, every third day). The data recovery equaled 93 percent.

2.1.1.3 Instrumentation

The equipment used to conduct the meteorological mohitoring was a
Climatronics, Inc. Electronic Weather Station (EWS), equipped with a heated

rain gauge. The system accuracy for this equipment is as follows:
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‘ SENSOR THRESHOLD SPEED ACCURACY

Wind speed 0.33 m/s (0.75 mph) 0.25 m/s (0.5 mph)
Wind direction 0.33 m/s (0.75 mph) 5°
Temperature N/A 0.5°C (1.0°F)
Precipitation . N/A 0.25 mm (0.01 inch)

Source: Climatronics Corporation.

A Meteorology Research, Inc. (MRI) Model 1072 Mechanical Weather

Station was used as an emergency substitute for the Climatronics EWS for wind

speed, wind direction, and temperature. It was installed and operated from

January 25 to February 28, 1978, and from June 2 until December 31, 1978. The

weather station was precalibrated at the factory for wind speed and wind

direction and cannot be recalibrated in the field. The temperature recorder

‘ was manually calibrated with an accurate thermometer +2°C (#4°F). The system

accuracy for the MRI equipment was as follows:

SENSOR THRESHOLD SPEED ACCURACY
Wind speed 0.33 m/s (0.75 mph) 0.5 m/s (1.0 mph)
Wind direction 0.33 m/s (0.75 mph) 4°
Temperature N/A 0.5°C (1.0°F)*

Source: Meteorology Research, Inc.

*Although this level of accuracy is reported by the manufacturer,
the strip chart recording is not recordable to closer than +2°C
(+4°F).

A Weather Measure Corporation Model P-511E rain/snow gauge was

also used as an emergency substitute sensor when the EWS rain gauge failed.
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1t was installed and operated from July 27 to December 31, 1978. The accuracy
of this gauge was 0.25 mm (0.0l inch).

Total suspended particulates were determined using the U.S. EPA
designated reference method (U.S. EPA, 1971a). The high-volume samplers used
were General Metal Works, Inc. Model GMWL-2000H, equipped with a 7-day clock
timer, pressure tranéducer flow recorder, and variable voltage transformer.
The sample collection filters were glass fiber filters having a 99 percent
collection efficiency for particles of 0.3 uym diameter. The filters were
conditioned in a desiccation chamber and were weighed on a Torbal Model EA-1
analytical balance (accuracy + 0.05 mg).

The atmosphere was sampled for S0p using thek EPA approved and
designated reference pararosaniline method (U.S. EPA, 1971b). A Research
Appliance Company 3-Gas Sampler was used, which is an all-weather sampler for
wet—-chemical sampling using chemical absorption. It was equipped with a
thermoelectric heating and cooling chamber for the reagent. However, during
extremely cold weather it was housed in a heated shelter so that the vacuum

pump would start at the designated sampling time.

2.1.1.4 Analytical Procedures

Total Suspended Particulates - The high-volume particulate samples

were analyzed for TSP content according to the reference method for deter-
mination of suspended particulates in the atmosphere (U.S. EPA, 1971a).
The glass fiber filters used in these samples were desiccated and weighed
before and after sampling in the Centralized Meteorological Instrumentation

Laboratory in the Dames & Moore Park Ridge, Illinois office. These filters
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were protected during shipment to and from the field in a manila folder sealed

inside a Ziploc plastic storage bag.

Particulate Characterization - Particulate characterization was

accomplished with a polarizing microscope (Nikon Model MS, 40X and 400X
magnification). Eacﬁ sample was transferred from the filter media to a
microscope slide using a dissecting needle that was immersed in mounting
liquid and used to lift a portion of the particulate matter from the surface
of the filter. Each slide was initially inspected to determine the distribu-
tion of particulates. One field, which was judged to be representative of the
slide, was selected and completely analyzed. All particles within this field
were counted with the assistance of a Whipple disc. The number of particles
counted varied from 10 to 239.

Particle types were identified by morphology using the McCrone
Particle Atlas (McCrone and Delly, 1973). Particle size range was determined
using an eyepiece graticule calibrated by an optical micrometer in 10 um
units. Particle counts were performed using an optical grid. The results
were reported as the percent of the sample area covered by each type of
particle.

The particles in the sample were identified and classified as
either minerals, combustion products, or biological matter and they were
further classified by particle size (larger or smaller than 30 um). This
technique provides a convenient measure of the relative amounts of each
particulate type, but it does not account for the differing densities of
various particles. Therefore, a particle with low density, such as most
biological matter, could cover a relatively large surface area in the sample,

but contribute only a small amount to the total weight of the sample.
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Trace Elements - At the request of the DNR (Huntoon, 1977a), trace

element analyses were performed quarterly on composite samples of all high
volume filters exposed at Station 1. This was accomplished by combining a
portion of each filter collected during the quarter into a single composite
sample for chemical apalysis. When this composite was analyzed, the results
were then representative of the average concentration of all sampling days
during the quarter.

Sampling was conducted every third day yielding nominally 30 samples
each quarter. After all 30 samples in a quarter were weighed and the TSP
calculations completed, the filters were composited for chemical analysis.
Since this analysis is destructive, only one-third of each filter was used for
the analysis. The remaining two-thirds were preserved for possible future
reference. Using a template and a wheel-type cutter, exactly one-third of
the exposed area of each filter was cut from the filter and placed in the
composite sample. It was important thét exactly one-third of the exposed area
be taken in the sample so that each sampling date contributed an equal amount
to the composite. Lead, one of the trace elements analyzed, in ambient
particulate matter collected on hi-vol filters has been shown to be uniformly
distributed across the filter suggesting that it is unimportant which third of
the filter is used (Sec. 7.2.1.1 of U.S. EPA, 1978a).

Since glass fiber high volume filters can have a high background
concentration of several of the trace elements, blank composites were prepared
in the same manner. For each sampling quarter, 30 unexposed filters from the
same manufacturing batch were cut using the template and cutter. This was

important because the subsampling equipment and associated handling could
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contribute some trace elements to the samples. ‘The blanks were therefore
composited in exactly the same manner as the exposed samples.

Each of the blank and the sample composites were then analyzed
by Aqualab, Inc. as a single sample. The results were reported as the weight
of each trace element contained in the composite sample and in the composite
blank.

The concentration in the atmosphere of each trace element was
calculated by first subtracting the amount of each trace element in the
composite blank from the amount of that trace element found in the composite
sample. This corrected for the background found in the glass fiber filter.
The concentration of each trace element in the atmosphere was calculated
in the same manner as TSP was calculated. The total volume of air sampled was
one-third of the sum of the individual volumes for each of the 30 sampling
days from which the composites had been made. The results were reported in
units of nanograms of trace elements per cubic meter of air sampled during the
calendar quarter.

The method used for lead, cadmium, copper, and zinc analyses was
adapted from the draft, "Tentative Reference Method for the Determination of
Lead in Suspended Particulate Matter Collected from the Ambient Air" (U.s.
EPA, 1977a). This method has since been approved and published by the EPA as
the reference method for lead in ambient air (U.S. EPA, 1978a). There are no
EPA approved methods for atmospheric trace elements other than lead. Metals
in the particulate sample were solubilized by extraction with nitric acid.
The metal content of the sample was then analyzed by atomic absorption

spectrometry. The lower limit of detection was calculated as two times the
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standard deviation of the four composite blank samples. Limits of detection
for lead, cadmium, copper, and zinc were 12, 3, 1, and 20 ng/m3 of air
sampled, respectively.

The cold vapor generation procedure and atomic absorption spec—
trometry outlined in "Manual of Methods for Chemical Analysis of Water
and Wastes” (U.S. EPA; 1974b) were used to determine mercury concentrations.
The lower detectable limit of the method was calculated to be 0.02 ng Hg/m3
of air sampled.

Arsenic levels were determined using the gaseous hydride generation
method and atomic absorption spectroscopy (U.S. EPA, 1974c). The lower
detectable limit of this method was calculated to be 0.03 ng As/m3 of air
sampled.

Asbestos content was not analyzed because no asbestos was found
in the waste rock that would be disturbed by mining and exposed to the

atmosphere. See section 2.2, Geology for details.

Sulfur Dioxide - Sulfur dioxide was collected in an absorbing

reagent. The exposed samples were stored in a refrigerator to prevent
exposure to elevated temperatures until they could be shipped in insulated
containers to the 1laboratory. Subsequently, the samples were logged,
inspected, and transmitted to Aqualab, Inc. for analysis. The entire sampling
procedure, including the analysis, was performed in accordance with the
reference method for the determination of 802 in the atmosphere (U.S. EPA,
1971b). Flowrates and other sampling data were recorded on the site
inspection checklist by field personnel. The S09 concentrations were

calculated from the field data and the laboratory analyses. The lower
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detection limit of this method for short-term sampling (1 to 3 hours) is given
as 25 ug 802/m3 with lower limits possible by using longer sampling periods.
Using the 24-hour sampling period, the lower detection limit may be as low as
2.6 pg/m3. None of the samples collected exceeded either the 25 or the
2.6 pg/m3 limits. At the request of the DNR (Bradisse, 1978), the detection
limit was taken to be 25 pg/m3, and all data below this concentration were

reported as one-half that value.

2.1.1.5 Quality Control

Quality control procedures were utilized by field and laboratory
personnel during the meteorology and air quality study as a means of assuring
that the study was completed according to currently accepted standards and

methods.

Field Procedures - Daily logs of field activities were maintained

by individual field personnel. Data sheets used for field work included
calibration records for meteorological and air quality equipment and
site check forms for the SOy sampler, the particulate sampler, and the
meteorological system.

Calibration of the meteorological and air quality monitoring
equipment was scheduled and performed upon installation and on a quarterly
basis thereafter. Calibration records were forwarded to the DNR when each
calibration was complete. The DNR observed the calibration of the air quality
monitors and audited the entire air quality monitoring operation, both
laboratory and field, to insure the data generated met DNR requirements

(Table 2.1-2). 1In addition, when maintenance was performed on an instrument,
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DATES OF DNR CERTIFICATION AUDITS

FACILITY DATE AUDITED  POLLUTANT DATE CERTIFIED
Dames & Moore
Laboratory _ 09-14-7728 TSP, SO 10-13-772
Stationm 1 01-25-78b TSP 11-01-77a
Station 2 01-25-78b TSP 12-15-77¢
Station 3 04-24-78b TSP 12-13-77¢
Station 1 04-24-78b S0, 04-24-78b

4Huntoon, 1977b.
bkopecky, 1978.
€Chazin, 1979.




it was recalibrated. Each instrument was inspected for signs of malfunction
during site checks every third day. All air quality monitoring data collected
during the study were certified by the DNR.

The high-volume particulate samplers were calibrated according
to the reference method using calibrated flow restrictor plates and a water
manometer. The SOy sampler was flow calibrated and leak checked according
to the reference method with a calibrated bubblemeter and a stopwatch. The
meteorological equipment was calibrated according to the manufacturers'
procedures using a digital voltmeter, mercury thermometer, magnetic compass,
and measured precipitation volumes. Calibrations were performed on the dates
indicated in Table 2.1-3.

Strip charts, TSP filters, and SO; samples were temporarily stored
at Dames & Moore's field office in Crandon and periodically mailed to the
Centralized Meteorological Instrumentation Laboratory in Dames & Moore's
Park Ridge, Illinois office. Field personnel maintained records of all
samples mailed for later comparison with office logs to guard against sample
loss. Samples were mailed in insulated containers to avoid exposure of
SO, samples to high temperatures. Upon arrival of samples, they were logged
in at the laboratory. TSP samples and the strip charts were analyzed at the

laboratory and SOy samples were transferred to Aqualab, Inc. for analysis.

Laboratory Procedures - Chemical laboratory analyses for trace

elements and the determination of SO, were conducted by Aqualab, Inc.
Quality control procedures for SO included balance checks, reagent
preparations, water purity tests, standardizations, and calibration curve

measurements in accordance with the reference method (U.S. EPA, 1971b).
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TABLE 2.1-3

CALIBRATION DATES FOR METEOROLOGY AND AIR QUALITY
INSTRUMENTATION AT STATIONS 1, 2, AND 3
(MARCH 1977 - JANUARY 1979)

HI-VOL 1 HI-VOL 2 HI-VOL 3 SULFUR DIOXIDE METEOROLOGICAL
03-26-77
06-22-77
06-25-77
07-22-77 07-22-77
09-17-77 ‘
10-03-77 10-03-77
11-24-77
12-08-77 12-08-77
12-13-77
(Installed
02-03-78)
12-15-77
(Installed
01-20-78)
01-24-78 01-24-78
02-03-78
02-24-78
02-28-78
04-03-78 04-03-78 04-03-78
05-18-78
06-02-78
06-29-78
07-21-78
07-29-78
07-30-78 07-30-78
08-08-78 08-08-78 08-08-78
08-14-78
08-28-78
09-24-78 09-24-78 09-24-78
11-06-78 11-06-78 11-06-78 11-06-78 11-06-78

01-16-79 01-16-79 01-16-79 01-18-79 01-18-79




All laboratory analyses completed by Aqualab, Inc. were subject to review and
verification procedures as outlined in the Aqualab, Inc. Quality Assurance
Manual.

To identify each high-volume particulate sample, a bound notebook
was maintained in the. Centralized Meteorological Instrumentation Laboratory
in the Dames & Moore Park Ridge, Illinois office. Entries consisted of the
filter identification number and pre- and post-sampling weights. This
information was also included on the filter identification label on the
storage bag for each filter. Visual inspection of the filter for abnor-
malities was conducted and comments were recorded in the notebook. After
weighing the exposed filters, they were arranged and stored by identification
number, which corresponded to the date the sample was collected.

Pertinent sample history and analytical data for each particulate
sample were recorded on standard laboratory sheets. The microscope slides
prepared for the analysis of these samples were fixed with a permanent
identification 1label. These slides were then organized and stored in a
container labeled with a description of the contents.

To maintain proficiency and consistency in the analysis procedure
for particulate characterization, each time a set of samples was analyzed
the previously analyzed samples were reviewed by reexamining the slides
prepared from the previous samples. In addition, an independent analysis of

one sample was provided by S. Palenik of Walter C. McCrone Associates, Inc.

Data Analyses - Calculations of the TSP concentrations were

performed with a verified computer program. Input data to the program were

spot checked for accuracy by a Dames & Moore employee other than the original

2.1-14



investigator. The highest observed concentration each month was reverified by
checking all input data, visually inspecting the exposed filter for any
abnormalities, and reweighing the exposed filter to verify its accuracy.

The meteorological data were keypunched and then processed by
an editing program to identify outliers and questionable data based on trends
and climatologically reasonable values. Each datum identified by the editing
program was then checked from the original strip chart recording to determine

its validity.

Accuracy and Precision - This monitoring was performed before the

U.S5. EPA required the calculation of accuracy and precision statistics
(U.S. EPA, 1979). Therefore, accuracy audits and collocated sampling were not
performed for this purpose. The DNR did audit the samplers as previously
described, which fulfilled the intent, if not the specifics, of the EPA

accuracy audit program.

2.1.2 Climatology

The climate of the regional study area is continental, modified
slightly by Lake Michigan 129 km (80 miles) to the east and Lake Superior
150 km (93 miles) to the north. During most of the year, this area is in the
path of eastwardly moving pressure systems in the prevailing westerly air
movements. Terrain in the vicinity of the site area is rolling but does not
greatly inhibit air movement.

Temperatures are mild to warm during the summer and cold during
the winter. Summer days are generally mild; however, temperatures may

exceed 35°C (95°F) on the hottest few days of the year during the infrequent
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occasions when tropical air fully penetrates the region. Summer nights
are generglly cool, with temperatures dropping to 10 to 16°C (50 to 60°F).
Winter temperatures generally range from -18 to -4°C (0 to 25°F) and
occasionally will be below -34°C (-30°F) (National Oceanic and Atmospheric
Administration, 1974)..

Moisture content of the air is generally moderate during the summer
and low during the winter. Humidity, cloudiness, and fog incidence are
noticeably higher than they Qould be in the absence of Lakes Superior and
Michigan, but the lakes are too far from the environmental study area to
appreciably affect precipitation.

The heaviest precipitation occurs during early summer and the
least during mid-winter, averaging 776.7 mm (30.58 inches) per year (Black,
1981). Precipitation is caused by both localized thunderstorms and frontal
systems during summer. During winter, precipitation, mostly in the form of
snow, is caused exclusively by passing weather systems. The stronger of these
systems usually passes too far south of the environmental study area to cause
precipitation, and the systems that do pass near the site usually result in
snowfall that, while it occurs rather frequently, is usually quite light
because of the lack of atmospheric moisture. The heaviest snowstorms often
occur during March when the stronger storms move farther north than they do
during mid-winter. Snowfall averages between 1,016 and 1,524 mm (40 and
60 inches) per year (Envirommental Science Services Administration [ESSA],
1968).

There are no 1long-term precipitation chemistry records for

Wisconsin. In the autumn of 1979, the DNR initiated precipitation event
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monitoring at several locations around Rhinelander. The results, through
March 1980, have been pH values ranging from 3.6 to 6.1 with most values
(80 percent) at pH of 4.6 or less (Wisconsin DNR, 1980). Precipitation pH
below 4.6 has been shown to cause damage to lakes in Ontario, Scandanavia, and
New York (Wisconsin DNR, 1980). In February 1980, M. Gage of Nicolet College
collected three replicate snow samples from each of 20 lake surfaces. The pH

of the snowpack was found to range from 4.2 to 4.5 (Wisconsin DNR, 1980).

2.1.3 Meteorology

2.1.3.1 Wind Speed and Direction

Wind roses were used to depict the frequency of occurrence of wind
direction and speed in each of 16 compass directions. Figures 2.1-2 through
2.1-8 present wind roses at Station 1 by calendar quarters from April 1977
through December 1978. An annual wind rose (January through December 1978)
is presented on Figure 2.1-9.

The wind roses for the individual quarters (Figures 2.1-2 through
2.1-8) show substantial variability in the occurrence of wind directions from
quarter to quarter. Even the same quarters in 1977 and 1978 show differences
in the observed wind patterns. This is to be expected since weather patterns
in any one period (month, quarter, or year) can vary from previous periods.
However, some patterns were evident. High frequencies of south through
southwest winds were observed in most quarters. West through northwest
winds tended to predominate in three of the quarters (July-September 1977,
October-December 1977, and January-March 1978). Winds from the easterly

directions were minimal except for northeast, which were noticeable in five of
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the quarters (April-June 1977, July-September 1977, January-March 1978,
April—-June 1978, and October-December 1978).

The annual wind rose for 1978 (Figure 2.1-9) indicates the predomi-
nant wind direction was from the south (10.3 percent of the time). South-
southwest, southwest, and north-northeast were the next most frequently
observed directions (9.0, 7.5, and 7.0 percent, respectively).

Mean wind speed observed at Station 1 ranged from 2.24 to 3.66 m/s
(5.0 to 8.2 miles per hour) for the individual quarters and averaged 3.24 m/s
(7.2 miles per hour) for the 1978 calendar year. Calm wind (less than
0.45 m/s [1.0 mile per hour]) occurred 13.7 percent of the time in 1978,
and was almost exclusively observed at night.

The Wausau Municipal Airport at Wausau, Wisconsin is the nearest
weather recording station with a long-term continuous recording of wind speed,
direction, and other meteorological parameters. It is located 100 km
(63 miles) southwest of the environmental study area. Five years of Wausau
wind data (1973-1977) have been summarized for comparison to the data observed
in the environmental study area.

Quarterly and annual wind roses for 5 years of Wausau data are
presented in Figures 2.1-10 through 2.1-14. The quarterly wind roses for
Wausau are similar to those for the environmental study area except that in
some quarters more southwesterly and northeasterly winds were observed in the
environmental study area. The annual wind rose for Wausau (Figure 2.1-14)
shows the wind direction frequency of occurrence to be more northwesterly,
less southerly, and less northeasterly than the study area annual wind rose

(Figure 2.1-9). Mean wind speeds were similar at both sites with Wausau
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averaging 3.70 m/s (8.28 miles per hour) and the environmental study area
3.24 m/s (7.25 miles per hour). Both sites had very high frequency of calm
winds with Wausau at 16.2 percent and the study area at 13.7 percent. These
calm frequencies are probably more identical than the numbers indicate because
calm in the Wausau data is defined as wind less than 1.0 m/s (2.2 miles per
hour) and calm in the environmental study area data is defined as wind less

than 0.45 m/s (1.0 miles per hour).

2.1.3.2 Temperature

A summary of the observed temperatures from both Statiom 1 and
Nicolet College, located in Rhinelander, 45 km (28 miles) west-northwest of
the environmental study area, is presented in Table 2.1-4. Mean monthly
temperatures at Station 1 were 1.5°C (2.7°F) colder than those at Nicolet
College. Except for the spring of 1977, all seasonal temperatures measured at
Station 1 were colder than the long-term (1931-1960) averages for northern
Wisconsin (ESSA, 1968).

The highest temperatures recorded were 32.8°C (91°F) at Station 1
and 35.0°C (95°F) at Nicolet College, both during July 1977. The lowest
temperatures were -29.4°C (-21°F) in March 1978 at Station 1 and -31.0°C
(-24°F) at Nicolet College during December 1977 and again during February
1978. The highest and lowest recorded temperatures in the region are
approximately 40°C (l04°F) and -40°C (-40°F), respectively (ESSA, 1968).

For comparison to long-term averages, Table 2.1-5 presents average
temperatures for Nicolet College and Wausau, Wisconsin. The temperatures

measured at Station 1 were 1.5°C (2.7°F) colder than the long-term average at
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TABLE 2.1-4

TEMPERATURES (°C) MEASURED AT STATION 1 IN THE ENVIRONMENTAL STUDY AREA
AND AT NICOLET COLLEGE, RHINELANDER, WISCONSIN
(APRIL 1977 - DECEMBER 1978)

STATION 1 NICOLET COLLEGE®
MEAN DAILY MEAN DAILY MONTHLY MEAN DAILY  MEAN DAILY  MONTHLY
YEAR  MONTH  MAXIMUM MINIMUM MEAN HIGHEST  LOWEST MAXIMUM MINIMUM MEAN HIGHEST  LOWEST
1977  Apr. 12.2 - 0.4 6.8 25.6 -14.4 14.4 1.9 8.2 27.3 -14.0
May 23.3 8.5 16.4 29.4 - 4.4 24.4 10.1 17.3 29.8 - 2.7
Jun. - -— - - - 22.7 11.1 16.9 30.4 5.4
Jul. 25.6 13.5 20.3 32.8 5.6 26.7 16.7 21.7 35.0 9.2
Aug. 20.8 7.9 15.5 30.0 2.2 21.1 11.7 16.4 30.5 5.4
Sep. 17.1 8.8 13.1 22.8 2.2 17.6 11.0 14.3 26.2 2.5
Oct. 11.5 0.7 6.1 18.3 - 3.9 14.0 3.1 8.6 20.4 - 2.3
Nov. 2.9 - 4.6 - 0.5 13.6 -19.4 4.6 - 3.2 0.7 16.1 -20.5
Dec. - 5.1 -15.0 - 9.7 0.3 -21.7b - 4.6 -12.6 - 8.6 5.1 -31.0
1978 Jan. - 6.5 -17.9 -12.9 - 3.9 -28.9 - 6.1 -16.7 -11.2 1.2 -27.1
Feb. - 5.9 -20.2 -12.7 - 0.8 -29.2 - 5.3 -18.9 -12.1 1.4 -31.0
Mar. 1.2 -12.5 - 5.0 10.6 -29.4 2.4 -10.3 - 3.9 1.2 -27.8
Apr. 7.6 - 2.5 2.8 20.0 - 6.6 9.4 - 1.3 4.0 21.9 - 7.1
May 20.2 5.5 13.6 28.9 0.0 19.8 6.7 13.3 29.8 - 4.3
Jun. 21.0 6.8 14.5 29.4 - 1.7 21.9 10.8 16.4 29.2 1.2
Jul . 20.9 9.4 16.0 28.9 1.1 22.8 13.9 18.3 28.9 5.5
Aug. 23.1 9.8 16.7 30.0 2.2 23.9 13.9 18.9 31.1 6.7
Sep. 18.4 6.8 12.2 30.6 - 5.0 20.5 10.5 15.5 31.1 1.1
Oct. 9.0 - 1.1 3.9 18.9 - 1.1 11.1 3.3 7.2 20.6 - 3.3
‘Nov. 6.2 - 5.5 0.4 21.1 - 5.5b 3.8 - 5.5 - 0.8 20.6 -22.7
Dec. - 8.6 -18.7 -13.6 - 8.6 -18.7 - 6.1 -15.0 -10.5 1.6 -26.1

8Black, 1978.

bon-site sensor out of service on the day the lowest temperature was recorded at Nicolet College.




TABLE 2.1-5

LONG-TERM AVERAGE TEMPERATURES (°C) AT NICOLET COLLEGE, RHINELANDER, WISCONSIN
AND WAUSAU MUNICIPAL AIRPORT, WAUSAU, WISCONSIN

NICOLET COLLEGE (1908-1980)3 WAUSAU MUNICIPAL AIRPORT (1973-1977)P
MEAN DAILY MEAN DAILY MONTHLY MEAN DAILY MEAN DAILY MONTHLY
MONTH MAXIMUM MINIMUM MEAN MAXTMUM MINIMUM MEAN HIGHEST  LOWEST
Jan. - 6.1 -17.2 -11.7 - 6.0 -16.7 -11.3 11.1 -31.7
Feb. - 3.3 -15.6 - 9.4 - 1.5 -12.7 -7.1 12.2 -31.7
Mar. 2.8 - 9.4 - 3.3 4.1 - 5.8 - 0.8 18.3 -23.3
Apr. 11.1 - 0.6 5.3 12.6 0.9 6.8 28.3 -14.4
May 18.3 6.1 12.2 19.8 7.2 13.5 31.1 - 2.8
Jun. 23.9 11.1 17.5 24.5 12.0 18.3 32.8 1.7
Jul. 24.4 12.2 18.3 26.1 14.6 22.0 36.1 7.2
Aug. 25.0 12.8 18.9 25.7 13.6 19.7 36.1 4.4
Sep. 19.4 7.8 13.6 19.7 8.3 14.0 34.4 - 2.2
Oct. 14.4 3.9 8.9 14.4 3.0 8.7 32.8 - 8.9
Nov. 4.4 - 3.9 0.3 4.6 - 4.3 0.2 21.7 -23.9
Dec. - 3.6 -12.8 - 8.0 - 3.8 -13.0 - 8.3 10.0 -27.8

aplack, 1981.
bNOAA, 1973-1977b.




Nicolet College and 2.7°C (4.9°F) colder than the long-term average at Wausau.
During the period of monitoring at Station 1, Nicolet College temperatures

were 0.1°C (0.2°F) colder than the long-term average for Nicolet College.

2.1.3.3 Precipitation

Precipitation was measured at Station 1 from November 1977 through
December 1978 (Table 2.1-6). Difficulties in operating a remote station
precluded obtaining a continuous record during this period. The rain gauge at
Station 1 recorded 60 percent of the hourly precipitation totals during the
l4-month monitoring period. These data were used in making comparisons with
the precipitation records at Nicolet College.

A summary of the monthly precipitation from Nicolet College is
presented in Table 2.1-6. The data from Station 1 and Nicolet College on days
when the rain gauge at Station 1 was operating were used in a statistical
regression analysis of the monthly totals. The results of this analysis
indicated that precipitation at Station 1 was approximately 37 to 82 percent
of that recorded at Nicolet College (Figure 2.1-15). However, considering the
variability of precipitation in short-term records of 1 or 2 years, it is
likely that over a period of several years the preciéitation in the environ-
mental study area would approach the average recorded at Nicolet College.

Precipitation at Nicolet College during the 1978 calendar year
totaled 747.7 mm (29.44 inches), which approximates the long-term (1908-1980)
annual average of 776.7 mm (30.58 inches) (Black, 1981). The winter season
(December 1977 through March 1978) was one of the driest on record, with the

total precipitation in March (2.5 mm [0.10 inch] at Nicolet College) being the
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TABLE 2.1-6

SUMMARY OF MONTHLY PRECIPITATION TOTALS
STATION 1 AND NICOLET COLLEGE
(NOVEMBER 1977 - DECEMBER 1978)

TOTAL PRECIPITATION (mm)2

STATION 1 NICOLET NICOLET COLLEGE
MONTH DAYS OF RECORD STATION 1 COLLEGED MONTHLY TOTALS(mm)b
Nov. 1977 27 44,2 75.7 86.9
Dec. 8 1.3 3.8 18.0
Jan. 1978 13 0.0 0.2 5.3
Feb. 23 0.8 4.6 5.3
Mar. 30 0.2 2.5 2.5¢
Apr. 28 46.5 46.0 57.6
May 14 31.2 18.3 - 85.8
Jun. 0 0.0 0.0 80.5
Jul. 5 1.8 14.0 161.3
Aug. 30 93.2 169.7 169.9
Sep. 19 33.5 52.6 104.6
Oct. 8 2.3 3.8 20.8
Nov. 17 7.1 9.4 34.8
Dec. 18 0.0 1.3 19.3

aTotal precipitation at this location measured for days of record at
Station 1.

bBlack, 1978.

CRecord minimum precipitation (since 1908).
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lowest recorded total since 1908. During this month, Station 1 received only
0.2 mm (0.01 inch). Precipitation totals during July and August 1978 were 60
to 80 percent above normal, and the remaining months were near normal.

For comparison to long-term averages, Table 2.1-7 presents
the average monthly precipitation totals for Nicolet College and Wausau,
Wisconsin. The Wausau annual average precipitation for the 5-year period
referenced was 41.9 mm (1.65 inches) less than the 73-year period of record at

Nicolet College.

2.1.4 Dispersion Meteorology

A discussion of dispersion meteorology and meteorological data used
in air quality modeling for the Crandon Project is presented in the appli-

cation for an Air Pollution Control permit.

2.1.5 Background Levels

2.1.5.1 Total Suspended Particulates

Total suspended particulate concentrations were monitored at all
three stations shown on Figure 2.1-1. Monitoring was initiated at Station 1
in April 1977, was expanded to Stations 2 and 3 in January 1978, and continued
at all three stations through December 1978. The TSP concentration data are
presented in Appendix 2.1A. At each station the sampler was operated for a
24-hour period every third calendar day in phase with the state-wide sampling
schedule (every sixth day) established by the DNR.

The data from this sampling program are summarized in Table 2.1-8

for comparison to the Wisconsin Ambient Air Quality Standards. The highest
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TABLE 2.1-7

LONG-TERM AVERAGE PRECIPITATION TOTALS (mm) AT NICOLET COLLEGE,
RHINELANDER, WISCONSIN AND WAUSAU MUNICIPAL AIRPORT, WAUSAU, WISCONSIN

NICOLET COLLEGE WAUSAU MUNICIPAL AIRPORT

MONTH (1908-1980)2a (1973-1977)b
Jan. ' 26.8 20.9
Feb. 24.9 24.1
Mar. 37.5 76.0
Apr. 58.8 90.1
May 84.2 94.8
Jun. 114.7 71.8
Jul. 97.8 73.2
Aug. 104.0 87.0
Sep. 95.0 67.5
Oct. 59.0 37.7
Nov. 46.8 53.2
Dec. 27.2 38.5
Annual Total 776.7 734.8

aBlack, 1981.
bNOAA, 1973-1977b.




TABLE 2.1-8

TOTAL SUSPENDED PARTICULATE CONCENTRATIONS
AT STATIONS 1, 2, and 3 (ug/m3)
(APRIL 1977 - DECEMBER 1978)

GEOMETRIC MEAN

CALENDAR QUARTER STATION 1 STATION 2 STATION 3
Apr. - Jun. 1977 20.6 - -
Jul. - Sep. 1977 18.6 - -
Oct. - Dec. 1977 13.2 - -
Jan. - Mar. 1978 11.5 11.1 11.6
Apr. - Jun. 1978 20.0 17.5 21.8
Jul. - Sep. 1978 18.8 19.1 20.9
Oct. - Dec. 1978 17.2 15.9 16.8
CONCENTRATIONS STATION 1 STATION 2 STATION 3
Highest 24-Hour 99 65 74
Second Highest 24-Hour 77 61 73
Annual Geometric Meand 16.6 15.9 17.9
WISCONSIN AMBIENT AIR QUALITY STANDARDS 24-HOUR ANNUAL
(WISCONSIN ADMINISTRATIVE CODE, 1975) AVERAGEb GEOMETRIC MEAN
Primary 260 75
Secondary 150 60

4Calendar year 1978.

bNot to be exceeded more than once per year.



24-hour concentrations at the three stations ranged from 65 to 99 ug/m3,
and the second highest 24-hour concentrations ranged from 61 to 77 pg/m3.
These concentrations are far below the Wisconsin primary and secondary
standards of 260 and 150 pg/m3, respectively. The geometric mean TSP concen-
trations ranged from 15.9 to 17.9 pg/m3 at the three monitoring stations
during the 12 months of concurrent monitoring in 1978. An additional 9 months
of monitoring were performed at Station 1 in 1977 that resulted in a geometric
mean of 16.9 pg/m3. Geometric means at the stations are less than 31 percent
of the secondary annual standard of 60 pg/m3.

The highest TSP concentrations occurred during spring and summer
when agricultural operations were greatest. Total suspended particulate
levels were lowest during periods of snow cover, when 24-hour concentrations
were as low as 2 Pg/m3. Concentrations were similar at all three monitoring

locations, with concurrent 24-hour concentrations often within 5 pg/m3.

2.1.5.2 Particulate Characterization

Twenty percent of the 24 TSP samples collected at Station 1 from
April 1977 through March 1978 were examined microscopically to identify
the types of particulates. The individual sample data are presented in
Appendix 2.1B.

The results of the particulate characterization study are summarized
by quarter in Table 2.1-9. Minerals, consisting mostly of quartz, calcite,
and clays characteristic of soil erosion, represented a large fraction
(45 percent). Biological matter, consisting of pollen, trichomes, wood

fibers, insect parts and plant debris, was also a large fraction (45 percent).
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TABLE 2.1-9

PARTICULATE CHARACTERIZATION AT STATION 1

APRIL 1977 - MARCH 1978

PERCENT BY AREA

SIZE < 30 um SIZE > 30 um
DATES MINERAL COMBUSTION BIOLOGICAL MINERAL COMBUSTION BIOLOGICAL
April - June 1977 5 1 14 14 2 64
July - September 1977 24 1 39 9 0 28
October — December 1977 60 8 2 27 2 1
January - March 1978 20 17 0 23 8 31
Annual 27 7 14 18 3 31




Only 10 percent of the samples consisted of combustion products, primarily in
the form of soot. The mineral content was highest in autumn, combustion
products were highest in winter, and biological matter was highest during
spring and summer. The size fractions of all particles examined over the.
entire data collection period were about evenly divided between particles
>30 um and those <30 uym. Combustion products 30 um and greater were observed
on significantly fewer samples than were particles less than 30 ym. A larger
percentage of biological products 30 ym and greater were observed than those
less than 30 uym. Except for low density biological particles, particles
larger than 30 pm have an appreciable settling velocity and do not remain
suspended in the atmosphere for more than a few minutes (Stern, 1976).

0f the samples examined, the one representing the highest TSP
concentration during the l-year period (April 1977 - March 1978) was collected
on July 6, 1977, and contained 65 pg/m3. On that day, construction activities
were observed on the road adjacent to Station 1, creating dusty conditions at
the station. The sample contained 93 percent quartz and calcite and a trace
of clay and wood fibers. The sample representing the second highest concen-—
tration during 1977 (59 pg/m3), however, was mostly pollen and plant
debris. An analysis of the sample indicated the presence of a small number of
different types of particles characteristic of a rural area with little nearby

industry and relatively light vehicular traffic (Palenik, 1977).

2.1.5.3 Trace Elements

The TSP samples from Station 1 were analyzed for selected trace

element content (Pb, Zn, Cd, Cu, Hg, and As) for the period April 1977 through
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March 1978. A composite sample of all TSP samples from each calendar
quarter was analyzed for these elements. The results of these analyses for
each element are presented in Table 2.1-10. The trace elements frequently
could not be detected.

Lead was detected in greater concentration (based solely on ambient
atmospheric contributiéns) than any of the other trace elements (the highest
quarterly average concentration was 110 ng/m3) but was still far below the
National Ambient Air Quality Standard for lead of 1,500 ng/m3 per calendar
quarter (U.S. EPA, 1978b).

Copper concentrations averaged 210 ng/m3. However, this may not
represent actual ambient concentrations because the samples collected by the
high-volume samplers were potentially contaminated by copper that eroded from
the copper armature of the sampler motor. This was not anticipated prior to
performing the analyses, but has been recently reported by other researchers
(American Public Health Association, 1977; McMullen and Faoro, 1977).

Mercury and arsenic concentrations were the lowest of the trace
elements measured. Mercury was below the detection limits in two of the
four quarters and averaged 0.021 ng/m3. Arsenic averaged only 0.82 ng/m3.

Cadmium and zinc concentrations were below the level of detection
during all four quarters.

Asbestos content was not analyzed because no asbestos was found
in the waste rock that would be disturbed by mining and exposed to the

atmosphere. See section 2.2, Geology for further discussion.
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TABLE 2.1-10

TRACE ELEMENT CONCENTRATIONS* AT STATION 1
(APRIL 1977 - MARCH 1978)

QUARTER QUARTER QUARTER QUARTER ANNUAL
ELEMENT  4/77-6/77  7/77-9/77 10/77-12/77 1/78-3/78 4/77-3/78
Lead 33 ' 17 110 28 47

Zinc <20 <20 <20 <20 <20
Cadmium <3.1 <3.1 <3.1 <3.1 <3.1
Copper 280 270 150 150 210
Mercury 0.043 0.024 <0.017 <0.017 0.021
Arsenic 0.79 0.66 0.65 1.2 0.82

*All concentrations expressed as nanograms per cubic meter (ng/m3).




2.1.5.4 Sulfur Dioxide

Background levels of atmospheric SOj were monitored at Station 1.
The data from this study are presented in Appendix 2.1A. None of the S0jp
samples indicated that ambient 24-hour SOj concentrations exceeded the lower
limit of detection (25 pg/m3). For consistency with DNR data reporting
procedures, all 24-hour SO0 concentrations were reported as half of the
lower limit of detection. All concentrations were far below the Wisconsin
ambient 24-hour and annual SO standards of 365 and 80 ug/m3, respectively

(Wisconsin Administrative Code, 1975).

2.1.6 Existing Air Quality Monitoring Programs

There are no state or federal air quality monitoring programs
operated within 40 km (25 miles) of the Project site. The nearest S07 and
TSP monitoring is in Rhinelander 45 km (28 miles) west-northwest of the
site area. The monitoring conducted in Rhinelander is for surveillance of a
specific pollution source and therefore records levels much higher than
ambient conditions in the site area.

The nearest ozone (03) and oxides of nitrogen (NOgx) monitoring
was in Marathon County, approximately 76 km (47 miles) southwest of the site
area. No relevant nitrogen oxide data are available from a rural monitoring
location in the Northwoods. This monitoring was conducted by an industrial
source, and was not certified by the DNR. The monitoring was discontinued on
May 1, 1981; however, the maximum l-hour average ozone concentration for the
first 4 months of 1981 was 108 ug/m3. This was well below the Wisconsin air

quality standard for ozone of 235 pg/m3. The average oxides of nitrogen
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concentration for the same period was 7.9 pg/m3, also well below the
Wisconsin air quality standard of 100 pg/m3 for an annual average nitrogen
dioxide concentration (Wisconsin DNR, 1981).

Ozone is also monitored by the DNR in Manitowish Waters, Vilas
County, 110 km (69 miles) northwest of the site area. The maximum l-hour
average concentration recorded in the summer of 1981 was 155 pg/m3, also
below the 235 pg/m3 standard (Wisconsin DNR, 1981). Ozone and nitrogen
dioxide concentrations at the Project site would be expected to be at or
below these levels.

There are no monitoring data for carbon monoxide or volatile organic

compounds in northern Wisconsin.

2.1.7 Existing Local Pollution Sources

2.1.7.1 Point Sources

There are only a few existing point sources within 50 km (31 miles)
of the Project site. The nearest sources are in the City of Crandon and
Conner Forest Industries, a hardwood dimension and flooring mill, 18 km
(11 miles) northeast of the site area in Laona. This mill has wood and
natural gas fired industrial boilers exhausting through 61-m (200-foot) stacks
and sawdust drying process emissions exhausting through 10- to 15-m (33- to
50-foot) stacks. The total annual emissions are shown in Table 2.1-11 under
Forest County.

In Langlade County there are two sources in Antigo 43 km (27
miles) southwest of the site and one source in White Lake 36 km (22 miles)

south-southeast of the site. The emission quantities for these sources are
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EMISSIONS OF EXISTING POINT SOURCES OF AIR POLLUTION (tons/year)a,b

TABLE 2.1-11

PARTICULATE SULFUR NITROGEN CARBON
SOURCE NAME AND CITY MATTER OXIDES OXIDES MONOXIDE HYDROCARBONS

Forest County

Conner Forest Industries, Laona 577.02 28.72 191.69 38.33 38.30
Langlade County

Vulcan Corporation, Antigo 14.86 4.75 31.70 6.34 295.20
Kraft Inc., Antigo 1.04 0.20 13.20 1.29 0.23
Yawkey-Bissell Hardwood 99.00 6.75 45.00 9.00 9.00

Flooring Co., White Lake

ayisconsin DNR, 1982.

bAverage annual emissions are determined by the DNR.



shown in Table 2.1-11. Vulcan Corporation in Antigo manufactures sporting
goods. Its sources are wood-fired boilers and paint drying, which exhaust
through 11- to 27-m (36— to 90-foot) stacks. Kraft Inc. is a milk processing
plant also in Antigo where natural gas and oil-fired boilers exhaust through
12- to 18-m (40- to 60-foot) stacks. Yawkey-Bissell in White Lake is a
hardwood flooring operation which uses wood-fired boilers and 15- to 30-m
(50- to 100-foot) stacks.

Fugitive dust emissions estimates are not available for any of these
sources. All of the sources are in compliance with the air pollution rules

and regulations of the DNR.

2.1.7.2 Line Sources

The roads and highways in the environmental study area are nearly
all paved and are lightly travelled. A description of the transportation
network including traffic volumes is presented in section 2.9, Land Use and
Aesthetics. These conditions result in relatively small emission quantities
from the vehicles using the highway network. For example, State Highway 55
from County Road K to Lake Metonga has the highest traffic volume in the
environmental study area (Figure 2.9-6). This 15-km (9.3-mile) distance of
highway has an average daily traffic of 805 vehicles. Based upon this traffic
volume and average emission factors for 1979 (U.S. EPA, 1977b), the annual

emissions from Highway 55 were:

Quantity
Emission : (tons/year)
Carbon monoxide 110
Hydrocarbons ' 18.4
Nitrogen oxides 11.7
Sulfur oxides 0.6
Particulate matter 1.5
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2.1.7.3 Area Sources

There are no documented area sources of air pollution within the
environmental study area (DeBrock, 1982). The only potential area sources are
agriculture and residential heating. However, both of these potential area
sources are minor due to the limited amount of agriculture and the sparse
population density. Motor boats, snowmobiles, and aircraft are also minor
area sources of pollution, but they do not alter air quality in the

environmental study area.

2.1.8 Planned Pollution Sources

The start-up date for the Crandon Project is 1990. Neither Exxon
nor the DNR is aware of any planned pollution sources other than the Crandon
Project that would be in operation in the environmental study area by that
date (DeBrock, 1982). There may be some minor sources introduced into the
area by 1990, but minor sources are not usually known until a few months

before their start-up.

2.1.9 Sensitive Receptors

Sensitive receptors of air pollution include schools, hospitals,
recreation areas, and residences. The nearest sensitive receptor is the Mole
Lake School. Section 2.9 presents a comprehensive discussion of recreational
and residential/institutional land uses in the environmental study area.

Residences are scattered throughout the environmental study area.
They are generally widely scattered except for concentrations of residences

around the numerous lakes and on the Mole Lake Indian Reservation, 3 km
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(2 miles) west of the ore body (Figure 2.1-1). There are no hospitals within
the environmental study area.

There are several public access recreation areas in the environ-
mental study area. These are described in section 2.9, Land Use and

Aesthetics.
2.1.10 Odors

There are no known sources of odorous emissions within the
environmental study area. The DNR has not received any odor complaints from
residents within the environmental study area or its surrounding environs

(DeBrock, 1982).

2.1.11 Summary and Conclusions

The following results and conclusions are based on data obtained
from monitoring in the environmental study area during the period April 1977
through December 1978 and from data collected at Nicolet College in Rhine-
lander and the Central Wisconsin Airport near Wausau.

Meteorology:

1. The predominant wind direction was from the south through
southwest, with an average wind speed of 3.24 m/s (7.2 miles
per hour).

2. Temperature was within the range of expected normals.

3. Precipitation was approximately 37 to 82 percent of concurrent
values at Nicolet College.

Air Quality:

1. Total suspended particulate concentrations ranged from 31 to
48 percent of the Wisconsin ambient air quality standards.

2. Concurrently measured total suspended particulate concentra-
tions were similar at all three monitoring stationms.
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Particulate characterization indicated that 45 percent of the
particulates were minerals, 45 percent biological, and only
10 percent combustion products.

Particulate size fraction (over the entire data collection
period) was about evenly divided between particles larger and

smaller than 30 um, respectively.

Lead concentration was approximately 7 percent of the National
Ambient Air Quality Standard.

Selected trace elements were analyzed in the particulate
samples and their concentrations were often not detectable.

Sulfur dioxide was not detectable (<25 pg/m3) in the atmo-
sphere of the environmental study area.
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2.2 GEOLOGY

The Crandon deposit is situated in Precambrian volcanic rocks of the
Rhinelander-Ladysmith greenstone belt that strikes easterly across northern
Wisconsin. The Crandon sulfide deposit is identifiable for a distance of
approximately 1,524 m (5,000 feet) along strike and approximately 732 m
(2,400 feet) below the bedrock surface. Its thickness varies from 0.3 m
(1 foot) on the west to 76 m (250 feet) near its center (Schmidt et al.,
1978). 1In the study region, the Precambrian bedrock is overlain by as much as
91 m (300 feet) of glacial drift. Glacial depositional 1landforms and
irregular erosion of this glacial drift results in the rolling topography that
characterizes the area.

The geological study for the Crandon Project was designed to
document geology in the area of the deposit. Specifically, the study had
three purposes:

o To document bedrock conditions in the envirommental study area;

o To document the stratigraphy of the glacial overburden in the
environmental study area; and

o To estimate the maximum potential level of earthquake-induced
ground motion for the site area.

Major emphasis was placed on the mapping of surface and near-surface
glacially derived deposits. This was achieved through the use of aerial
photographs, field examination of material exposed in road cuts, and the
examination of samples collected from test borings drilled in the environ-
mental study area. Laboratory tests were performed on selected samples to
aid in the correlation of the various glacial deposits. Tests included

analysis of grain size, clay mineral content, pH, moisture content, color, and



carbonate pebble content. The methodologies employed in the geologic ‘

investigations are described in subsections 2.2.1 and 2.3.1.

2.2.1 Field and Laboratory Methods

2.2.1.1 Preliminary Investigations

A literature search and review were conducted that included inter-
views with technical people who had conducted or were conducting related
studies within the environmental study area. In this way, the major
geological aspects of the environmental study area were reviewed and
additional needs for data defined.

Aerial photographs, topographic maps, and exposures of glacial
deposits were studied for the purpose of preparing a surficial geology map of

the environmental study area. Exposures of glacial deposits in the environ-

mental study area were investigated during field reconnaissance. The surface
distribution and relative positioning of the various glacial deposits were
further defined by geologic interpretation of aerial photographs and topo-
graphic maps. The resulting surficial glacial geology map was then used as a
basis for subsurface investigations. Additional information on the process by
which the surficial glacial geology map was prepared, and the technical
resources utilized in this process, is presented in subsection 2.2.2.2 and in
a geotechnical report by Golder Associates (1981) entitled "Geotechnical

Review, Crandon Project Waste Disposal System."”

2.2.1.2 Drilling Program

Overburden drilling programs were conducted to obtain subsurface

information in the envirommental study area and the site area. The initial
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drilling program began in February 1977 and subsequent drilling activities
have continued intermittently through April 1984. Boring locations were
selected to provide both a general understanding of the glacial materials
within the environmmental study area and a more precise understanding of the
glacial materials within the site area. The final location of each boring was
dependent on the available subsurface information, the location of proposed
structures, and accessibility. The borings provided information on thickness
of glacial material and stratigraphy. Samples for testing various physical

properties of the soil material were also obtained from the borings.

DM-series Borings — This drilling was supervised directly by Dames &

Moore geologists, hydrologists, and soils engineers to insure the integrity of
samples collected, to describe the sample conditions, and to provide the
necessary judgments should changes in drilling procedures be needed.
Personnel from the DNR visited the site and observed the drilling procedures.
The Dames & Moore geotechnical personnel classified soils and weathered
bedrock in the field by visual examination, and maintained a detailed log to
serve as a basis for selecting samples for testing. Three soil samples were
generally collected in the upper 3.0 m (10 feet) and every 1.5 m (5 feet)
thereafter, or at major soil changes. In the event of difficult sampling
conditions (for example, encountering a boulder), the soil sample at a
particular interval was deleted based on the judgment of the Dames & Moore
geotechnical personnel. Based on a knowledge of the area, geology sample
intervals were occasionally increased to 3.U m (10 feet) or more to avoid

unnecessary duplication of samples in a known material.
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The borings were made with rotating drilling equipment wusing
circulating drilling fluids. Soil samples were collected by driving a Dames &
Moore Type U (American Society for Testing and Materials [ASTM] D-3550) or a
standard split spoon sampler (ASTM D-1586). Dames & Moore Type U samples were
collected when relatively undisturbed samples were desired for laboratory
testing. Standard split spoon samplers were used when relatively undisturbed
samples were not required. In rare instances, rotary drill cuttings were also

retained.

G-series Borings - This drilling was supervised by Golder

Associates' engineers, geologists and technicians who logged all borings and
described all samples. The borings were made with rotating drilling equipment
using circulating biodegradable drilling fluids. Soil samples were generally
taken every 1.5 m (5 feet) to a depth of 30.5 m (100 feet) and every 3 m
(10 feet) below a depth of 30.5 m (100 feet). A split spoon sampler was used
to obtain disturbed samples and undisturbed samples were collected by thin-

walled sampling tubes (ASTM-D1587-67).

STS-series Borings - These borings were supervised by Soils Testing

Services (STS) hydrologists and were advanced with rotating drilling equipment
using circulating drilling fluids. The borings were continuously sampled with
either a thin-walled sampling tube, a split spoon sampler, or an Osterberg
sampler. The Osterberg sampler incorporates a mechanism for developing a
partial vacuum at the top of the sample in the sampler tube and assists in

better retention of the sample.
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BE-series Borings - This drilling was also supervised by an Exxon

employee. Drilling by Braun Engineering of Duluth, Minnesota was performed
from January through April 1981. The borings were made with rotating drilling
equipment using circulating biodegradable drilling fluids. Soil samples were
generally taken every 3 m (10 feet). A split spoon sampler was used to obtain
disturbed samples. Drill logs were prepared by Braun Engineering staff from
driller/technician field logs. Single or double piezometers were installed in

all holes.

CDM-series Borings - This drilling was also supervised by an Exxon

employee. The borings were advanced using direct rotary methods, and samples
were collected with a split spoon sampler. The total length of holes sampled
varied with each hole. Several borings were sampled from the ground surface
to bedrock. In the other borings, the sampling interval was generally the 9 m
(30 feet) of soil above bedrock. The sampling interval was every 1.5 m
(5 feet) except in the holes which were sampled over their entire length. In
these, the upper 15 m (50 feet) were sampled at 3-m (10-foot) intervals.

The borings were drilled 3 to 6 m (10 to 20 feet) into the bedrock
to allow geophysical logging of the contact between the bedrock and glacial
overburden. The geophysical borehole logging was performed under the super-
vision of a CDM hydrologist. The data were recorded on light-sensitive film

which was used to make blueline copies of the logs.

EX-series Borings - All drilling activity and piezometer instal-

lations were directly supervised by STS's hydrologists in 1984. Split spoon
samples were logged on site. Drill cuttings were collected to aid in

lithologic interpretations. Holes were advanced with rotary drilling
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equipment using circulating bentonitic muds. Split spoon soil samples were
generally collected every 3 m (10 feet) except when a hole was being drilled
for geophysical logging. Borings were generally drilled to the bedrock
contact. On two occasions, holes were advanced up to 9 m (30 feet) into
bedrock to record bedrock weathering data and for piezometer installation.

Geophysical logging was performed on several holes and monitored by
both STS and Exxon personnel. Split spoon sample data, drillers' comments,
drill cuttings, geophysical logs, and split spoon sieve analysis curves were
used to produce interpretive stratigraphic logs.

Multiple completion piezometers were installed in all holes.
Installation was in accordance with DNR standards and was supervised by STS.

Installation and quality control were spot verified by the DNR.

Bedrock Holes - Bedrock drilling programs were conducted to

delineate the ore deposit, to provide samples for metallurgical and rock
mechanics testing, to evaluate the site, and to investigate the hydrologic
regime of the site. Over 250 bedrock core holes have been drilled in the
deposit and proposed mine waste disposal vicinity. Core drilling began in
1975 and continued intermittently until 1981.

The ore body was drilled on a 60-m (200-foot) grid both horizontally
and vertically. Under the direction of an experienced drill supervisor, the
following site-specific techniques were developed to control grid accuracy:

1) Three different drill rigs were used to complete each hole.
Overburden drilling was accomplished using a tophead drive air
rotary rig. A 200-mm (8-inch) hole was mud drilled and cased
with 150-mm (6-inch) casing. This allowed rapid penetration of
the sand and gravel overburden and facilitated a straight hole.

2) A second tophead drive hammer drill was used to advance the
hole to the approximate depth of mineralization. A very rigid

stabilizing system was used to prevent hole drift. By
modifying the stabilizing system, rod pressures and direction
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of rotation, the hole could, in effect, be directionally
drilled.

3) The remainder of the hole was NQ cored. A combination of
stabilizing systems, size and length of core barrels, and
varying rod pressures was used to deflect the hole into the
plane of the deposit at the desired dip and azimuth. All
hammer and core drilling progress was monitored by in-hole
surveying at 30-m (100-foot) intervals using a single-shot
magnetic camera.

Figure 2.2-1 shows the location of all test wells and soil borings
in the environmental study area. Borings in which piezometers have been
installed are marked by solid black circles. All others have been abandoned,
as per proper regulations. Figure 2.2-2 shows the location of bedrock core
holes in the deposit vicinity. Bedrock holes have also been officially
abandoned according to procedures dictated by law, and abandonment reports
have been submitted to the state. The following description from a drilling

contract outlines abandonment methodology:

Grouting of Boreholes

Upon satisfactory completion of each boring that does not
contain a ground water observation well, and acceptance
thereof by Exxon, the contractor shall refill the borehole
with grout.

All boreholes are to be grouted. The grout mix shall
consist of seven (7) gallons of water and two (2) pounds
of powdered bentonite per sack (94 pounds) of Type [

Portland cement. The contractor, at his option, may use
an accelerating agent in the grout to achieve a rapid set
and hardening of the.grout. Exxon reserves the right to

adjust the grout mix proportions in order to provide a
grout consistency that is, in Exxon's judgment, better
suited to the project needs.

The grout shall be pumped into the borehole through a pipe
or hose. Pumping shall be initiated with the pipe or hose
extended to the bottom of the borehole. The grout pipe or
hose shall then be withdrawn in a tremie fashion until the
casing or hole is full. Casing, where used, shall then be
removed from the borehole in no more than 10-foot
increments with the grout level in the remaining casing
reestablished to the top of the hole after each increment
of casing is removed. The grout added after the initial
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pumping may be poured down the casing rather than being
pumped. It is estimated that the grout mix specified
herein, without an accelerating agent, will require 12 to
24 hours to achieve its initial set. If at any time prior
to completion of the refilling operation the borehole is
left wunattended, it shall be suitably capped and
protected.

All glacial borings or bedrock core holes were located by certified
surveyors to obtain elevations and horizontal coordinates. The coordinates

were based on the Wisconsin Coordinate System North Zone.

2.2.1.3 Soil Sampling Procedures

Samples of the glacial materials were generally obtained using a
split spoon sampler at the selected sampling depth. The split spoon sampler
was attached to the end of the drill string and lowered to hole bottom. By
hammering on the drill rods, the sampler was driven into the undisturbed
glacial soil material for approximately 457 mm (18 inches). The split spoon
sampler was opened after removal from the hole. Generally, only the upper 25
to 51 mm (1 to 2 inches) of the sample have been disturbed by the rotary bit
and drilling fluids. That portion of the sample was discarded. To further
insure an undisturbed sample and a sample free of contamination by drilling
fluids,konly the lowermost 152 mm (6 inches) were logged and saved in a
plastic container for laboratory testing.

A discussion of the procedures used to obtain the boring samples is
presented in section 2.3, Ground Water. The drilling fluids that were used
are described in Golder Associates (1981).

Two types of drilling fluid were used, depending upon the depth of
the hole. For borings drilled to depths of approximately 50 to 75 m (164 to

246 feet), Revert, a biodegradable viscosity-increasing agent, was the most
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common drilling fluid. Revert, however, decomposes with time and is difficult
to use when borings require more than a few days and/or remain open for the

weekend.

More satisfactory product combinations for deeper holes are the
Baroid products Quickgel, Quicktrol, and Barafos. All of these products are
nontoxic. Quicktrol is a polymer that coats the walls of the hole and
prevents the Quickgel, a high yield bentonite, from penetrating the formation.
Upon completion, the Quickgel is broken down with Barafos, a dispersing agent.

No evidence of well contamination from any of these drilling agents was found.

2.2.1.4 Soil and Bedrock Testing

All glacial borings are shown on Figure 2.2-1, and all bedrock holes
are shown on Figure 2.2-2. A variety of tests were conducted on material from
glacial and bedrock holes. Table 2.2-1 lists the tests that were performed on
glacial and bedrock materials and the primary reasons for conducting the
tests. Table 2.2-2 lists all the glacial borings and bedrock holes in the
environmental study area and the tests that were conducted in materials from
each hole. Table 2.2-3 contains a list of summary documents within the EIR
and other reports that summarize the results of glacial and bedrock testing.

Samples of the various glacial soil materials encountered were
selected for testing in the soils laboratory of the various geotechnical
consulting firms. In the field, these samples were placed in glass jars or in
plastic bags and enclosed in containers. The containers were labeled with
pertinent sample history information and shipped to the 1laboratory.
Laboratory tests to be performed were assigned to each sample. Tests were

performed to determine various physical properties of the soil materials
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TABLE 2.2-1

TESTS PERFORMED ON GLACIAL AND BEDROCK MATERIALS

TESTS

REASONS FOR TESTING

Sieve Analysis

Permeability

Carbonate Pebble Analysis

pH

Clay Analysis

Compaction
Triaxial
Chemical Analysis

Bedrock Rock Mechanics Testing
(Uniaxial, Triaxial, P.L. Brazilian)

Assays
Radiological

Specific Gravity

Determine soil classification.
Grain size analysis for Hazen's
Approximation.

Investigation of aquifer character-
istics.

Mine water inflow.

Soil characteristics.

Soil attenuation.
Aid in glacial history interpre-
tation.

Soil attenuation.
Aid in glacial history interpre-
tation.

Soil attenuation.

Aid in glacial history interpre-
tation.

Soil rock mechanics.

Soil rock mechanics.

Water quality.

Stope span calculations.

Pillar strength dimensions and
sequencing.

Stope and pillar blasting proce-
dures.

Distribution of rock strengths.
Economic evaluation.

Characterize radioactivity.

Criteria needed for determining ore
reserves.




Table 2.2-2

TESTS CONDUCTED IN GLACIAL AND BEDROCK BORINGS
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T TINA-276 31830, 65 687268,25 11,95 CH
THA-79 3085, 00 ABE 2. 00 7.1 CH
MA-294A 30861.37 486228.88 16,15
i TIMA-29AL 30861.00 686272,00 16,15
THA-23%AU I0R&1.00 686222, 00 16.15
THA-3 35203.00 653098,00 13.72 F
IIMA-30 37393,32 69Tin60.25 13.87 CHI[ X
THA=X1 I8ET5, 00 EY5474,00 787 X
DNA-324A 33153.00 698170.,00 3. 34 X
DNA-33 33383.62 686347,75 15,24
TRA-33 34747.00 3B85207.00 5. 30 CH
TIMA- 35 33888.00 684527.00 8.99
IMA-36& 39472,07 485863.13 8.84
THA-X7 3B204.09 6B5024.94 11,89
NMA-38 43023,00 685765.,00 9,14
NHA-39 43757 .62 686107.00 9.14 H
TRA-4 33562.00 £95204,00 .14 X IFH| X X X | X
™ nMA-47 40551,08 692215,25 7.92
DMA-43 41758,00 692726.00 12,19 F
T'HA-44 26908.07 | .45
MA-45 30672.00 704150,00 15.00 H
TNA-44 35790.00 706955.,00 22,10
THA=37 I7001.00 Z93744.,00 .45 X
TMA-48 36266,00 691504,00 8.99 H X
INA-5 35168, 25 695680.88 15.24 H
TRA-& IS18Y.59 898584, 81 .14 X H X X
I TRA-7 33406, 24 697969.94 13.56
[~ DNE-1 I3871.00 &958258.00 18,07 X | FH X X
i TME=-10 I58681.,00 692254,00 30.33 X |FRH| X X X
[ TNE-11 33516,00 693062,00 30,48 X X
DMB-12 32733.00 692484, 00 24.96 X |[RH| X X
THME-13 37647.00 691891,00 18.29 X IFH] X X
IIME-14 33551.,00 692198, 00 30.75 X F X | X X
THE-15 34644, 00 692515.00 24,23 X |FH| X X
[ TME-18& 34101.00 690957.00  30.24 X X | X X
[ TRE-17 3321{.00  &%1518.00 24,54 X H X X
ME-18 33699.00 691306.,00 74,66 X |FRH| X | X X X
 TRE-TY 33865, 00 E90672, 00 38,98 X IFRH] X | X X
DNE-1A I4B71.00 &695829.00 24,20 F X X
TNE-2 I50571.00 656713.00 30,57 X |FH| X X X
TTME= 0 JoZ7300 E§9I059.00 2,19 X |[FRH| X X X
TRE-20A 3I537F.00 EITT63.00 75,85 F X
TTHRE=7T 34388, 00 8%0&410,00 15.09 X |FH X
THE=27 T4518.00 E51820.,00 74,08 X F X | X X
DME-23 35326,00 691350,00 ~ "30.24 FR X
THE-24 ITI08.00  692316.00 ~ 14.94 ‘F X
TAR=75 32225.00 851448,00 39.47 E X
'ME-28 37163.00 695631,00 40,87 F
RE=77 33124,00 696072.00 25.57 F X
- TMF-78 I7585.00 &96599.00 21.34 F X
DRE-29% 31817.00 697417,00 21,12 F X
[~ DMBE=3 I5630.00 §97221.00 18.75 X |FRH| X X .
TME=2 38090.00  698097.00 P4 A8 I [FH] X | X X
[ DNMR-§ I3179.00 696834,00 30,07 X F X X
TRE-5A I3T77.00 896635, 00 36.64 F X
TME-% 34755.00 9 RE4, 00 28,77 X JFH | X X
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f IME-7 32355.00  497337.00 24,14 X |[FH] X X
0 IME-8 34929.00  697335.00 15,45 F X
] DME-9A 33697.00 697151,00 79,40 F X X
IIME-9R 33657.00 697151.00 79.40 F
i IIME-9C 33697.00 £97151,00 79,40 F
; IMC -1 35085.00 698704.00 14,48 X F X
i IMC-2 38560.00 6974609.00 15,70 X H X
I “TTRC=3% I2595.00 Z98518.00 1417 X X
iy THT=1 35584.00  694584.00 33,22 H
h OMI-11 35523.04 694525.50 170,40
T TRT-T RENLIE: 2 Z9a571.38 "7, X | H
: OMI-~L "355342,.00 694564,00 42,37 F
T OMI-2U 35542.00 494564,00 42,37 H
i TRI=3 ISSI0.97 AT 3. 75 T a2, 00
MI-3 35471.44 694532, 31 61.11 X | H
OMI-5 354746.71 694487 ,13 26.52
TRI=7 —I% . LAY T U0E X
DMI-8 35488.36 694380,94 R0.47 X H
DMI-9 35634.26 694418.00 31,70 X | H
TRP=1 I5583.00 894482.00 Al o0 X
nMF-2 35093.00 694545,00 11,13 X H
T T DMF-3 34645.00 693612.00 19,99 X | H
TRS=-1 306Y3.00 6Y4403,.00 39.01 X FR
T T hMS-2 " 35634,00 694302,00 56,08 X | FR
W=-1A 35459,00 653807.00 21,64 FR
T IW=TIT 35455, 00 &9380&.00 35.53 RP
TTTTTIWSYU T T T TTIS485,00 0 T 693806, 00 65.53 R
©TTTTIW=2C T 3%5Y4,00 &948BIL00 2598
= ~——Tw=2U ISETE.00 TTABET. 00 78.98 P
[ OW-3L T T IT43IF.00 7 693373,00 TE1L.81 R
TTTDWS3U T 35434,000 0 693373.00 0 S51.51 F
00 03 X T FR
EX-10AU 35086.00 696237.00 78,03 X F
i EX-10RL 35085.00 696230.00 44,81 X | FR
EX-TORU 35085.00 696230,00 344,61 X
EX-11AL 34520,00 696073.,00 86.87 X |FR
EX-11AU 34520.00 696073.00 86.87 X |FR
[ EX-TIIEL I4577.00 8%96077.00 $3.04 X |FR
EX-11RU 34522.00 696077.00 53,04 X | FR
EX-TICC 33521.00 696068.00 31,09 X
EX-17A1 33490.60 696380.,00 92,96 X |FR
EX-12AU 34490, 00 696380.,00 92.96 X |[FR
EX-12RL 34492.00 696375.00 56.69 X |FR
EX-TZRUO ELEAFERUY &696375.,00 FI-XX-X4 X
[ TEX-13AL 34002.00 696012.,00 71.63 X ITFR
EX-13EL 33998,00 696015.00 58.83 X [FR
EX-T3FRU 33998, 00 6986015, 00 58,83 X IER
EX-13CL 33997.00 496012,00 32,92 X |FR
EX-13NL 33996.,00 696015,00 22.86 X
EX-14AL 33805.00 696887.00 Bé.26 X |FR
EX-14AU . 33605.00 696867.00 B6.26 X [FR
EX=14RL 33606.,00 2 494840.00 49,38 X |FR
EX=TARU IIEVE.00 3Y8B&0. 00 35,38 X j ~
EX-TSALC 34273.00 894937.00 71.63 X |FR
T EX=TSAU T XA273.00 494947,00 7 1.ER X |FR
TEX-TSEL 33278,00 €94548, 00 1585 X
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EX-16AL 34539,00 695568, 00 44,20 X | FR
L EX-16aU ~34539.00_ 69554B.,00_ 44,20 X |FR
i EX-14KL 34541.00 695567.00 21.94 X |FR
EX-1AL 31745.00 693029.00 40.48 X |FR
EX-1AU T31745.00 65302%.,00 40,48 X
EX-1KEL 31743.00 693028.00 14,33 X [FR
EX-1ElUl 31743.00 693028,00 14,32 X
TEX-2AL T I3E30.00  689532,.00 EB.52. X JFR
EX-2aU 33632,00 689532,00 58,52 X |FR
EX-2BL 33634.00 689533,00 11.28 X
“EX-3AL 335615.00  &90051.00 3% .38 X [FR
EX-3AU 33615.00 690051.00 49,38 X [FR
: EX-3RL 33616.00 690048,00 22,86 X |FR
{ EX-3B0 _______ 33515.00  490048.00 72.88 X IER
i EX-3CL 33613.00 690044,00 3.66 X
i EX-4AL 36549.00 693204.,00 36,27 X |FR
i T EX-3A0 - J6u4Y.,.00 693204.00 3627 X F
: EX-4EL 36551.00 693201.00 35.66 X |[FR
i EX-4RU 36551.00 693201.,00 35.66 X |FR
; T EX-4CL 36544,00 3 035,00 __ B.84
. EX-5AL 36532,00 693967.00 57.61 X F
i EX-5SAU 36532.00 693967.00 57.61 X F
: EX-SEL 35533.00 39 3984.00 32,173 Y 1 F
EX-SRU 36533.00 693964.00 34,14 X
EX-SCL 36531.00 693964.00 22,86 X
EX-6AL 35680.00 697971.00  59.74 X |ER
EX-6AU 36680.00 697971,00 569,74 X |FR
EX-6BL 36680.00 697969.00 26.52 X [FR
EX-&RU 6680, 69 .00 26.52 | X
EX-7AL 35924.00 657015,00 51.51 X |FR
EX-7BL 35923,00 697013.00 34,14 X |FR
EX-7R0 3 . 013,00 34.14 X TF
EX~-7C 35922.00 697012,00 3.50 X:
EX-BAL 35467.00 697279.00 53.16 X
EX-BAU 35467.00 697279.,00 53.16 X |F
EX-8ERL 35470.00 697277.00 23.47 X |FR
EX-8RU 35470.00 697277.00 23.47 X F
EX-YAL 35497.00 §98388.00 B5. 34 X [
EX-9aU 35497.00 696386.00 85.34 X | FR
EX-9BL 35501.00 696387.00 58.52 X |FR
EX-YEU I508&.00 496237.00 58.52 X
G40-N24 32937.00 690965.00 57.45 X H
G40-E16 34520.54 691148.44 15,70
G40-ER2 33421.,72 691131.68 15.70
G40-G19 33936.84 691706.25 19.96
G40-G24 32866.98 691553.81 30,72 H
G40-626 37519.50 691495,88 30.78 X 1 H
G40-G7 36257.92 691508.13 36.27 - '
G40-H13 35136.24 691700,13 59.53 X H
I GA40-Hié& 34522.00 691626,00 B1.69 X
G40-H27 3228R,00 691791.00 76.20 X H
G40-J1% 34489.00 691943,00 15,70 X - X
——G40-J20 ~338/5.88  &%1R/5.38 ?3.18 X | A
G40-K13 35092.00 692167.00 15,32 X H ) X
GA0-L1Y IIBE1.50 &9P21&6.78 T 36, 7% X
GA0-L73 TITHT.00 E9 e P00, 00 7768 X H X
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G4ao-19 3588%9.11 692265.56 64,01
T BA0-M14 34978.98  492459.06  2B.96
GA40-M15 34644.00 692426,00 94.49 X |FRH
G40-F10 35706.23 692830,94 21,58 X H
n GA0-FI10A 35584.00  692780.,00 48,77
G40-F17 34354,4 692968,13 30.63 X | H
G40-F20 33854.00 692969,00 24,69 X H
e “GA0-T7 IE287. 00 393723.00 21,39 X
G40-R>3 33153,00 693362,00 24,69 X H X
G40-511 35430,38 693539,63 24,63 X | H
BGA0=517 I3778.00 393558.00 35,53 TR
G40-S517A 34240.00 693662.00 9,14
G40-T30 32237.00 694461,00 49,38
“GA0-X1 37038,00 494333,00 435,59
G40-X1A 37164.00 694284.00 22.86
GA0-Y15 34642,00 694695.00 53,34
L G40-Y15A 34645.00 694692,00 ~  6.10
G40-Y21 33751.00 694348.00 6,10
G40-Y22 33187.00 694430,00 59,74
G40-Y28& 32518.00 3 N !
G41-A23 32940,00 695033.00 14,63
Ga1-A24 32632.00 69509R8,00 54.86
LAI-F1J SudYS5.00 6vY0l131,00 38,40
Ga1-C11 35386.19 695467,50 15.51 X
Ga1-C13 34983.84 695530.,00 15,39
“GAI-CIS 34539.00 [ X404 : K1Y 66,23 H X
[~ TG4I-CISA I4554,07 T 89SSBE.IB T 6E. LS F
I GAI-CISE  34523,00 &95509.00  B8.08 X
GA1-C32 31242,00 695590.00 79.86
Gai1-N14 34770.48 695653, 44 16,15
GAT-D17 33205.07. 8957982.00  ~I15.38
Ga1-018 33924.65 695604,69 19.87 X H
GA1-E11 35316.08 6956828, 49 15,09
GAaI1-EI3 I3BEE. 00 &95BRE.00 786,35 X X
Ga1-F13A 33864.97 695834.81 76.35 FH
Ga1-E15 A3558. 64 695847.00 15.24 X H
LRI-E1/ 34.750,00 Y9881, 00 ALY X FR
GAT-E19 33757.01 695892.69 15.33 X
[ GAI-EIYA  33407.00 695948, 00 ~Be.12 X |FRH
GAT=E22 IINTY. 00 695729, 00 8.8
GA1-F27A 33514.00 E55735.00 12.83 FR
GAT-F1I3 35005.18 696067.94 17,01
— GAI-F2% 328691.00 656002, 00 74.08 X | H
G4i-611 353686.18 696276.75 24.84 X H
G41-G12 35304.,00 696296,00 6.40 X H
GAT=GI3 35137, 00 E98384.00 97 .23
G41-Gi4 34726.28 696267.63 29.41 X
Ga1-6G14A 34772.00 696261.,00 73.46 X H X
———G&1-GI4E 34764.00 696261.00 109,76 X H X
G41-G14C 34756.00 696261.00 48.77 X
GA1-Giah 34703.00 696261,00 78,33
"G41-BT3F 34695.00 654261.00 50,29
T AT BIaF J46B8.00  696261,00  101.19 )}
[ "7 TG41-615 7T U TIABEG 00 T T 496293,00 118.2 X | H X
T GAT=GTIYA 3IZ5BY. 00 898528300 X434 X |FH 1 X X
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GAI-GISK I3577.00  696280,00 51,82 X | H X
TAT-GISC XITTE TSI EYEITS. 04 103,07 FH
G4a1-G16 34378.81 696290, 44 72.98
GAT=GIY IIVTE. 83 B96056.94 77,58 X | A
GAT-TZ2T I33I74.00 6986745.00 30,63 X H
TAT-HI3 33560.98  A9646B.75 31.%4 X | H
GAT-ATY 33187.00 8YE457.00 25,65 X | H
LGAT-HIE 33Y64.,00 &696507.00 290 X
GAT-HT8A IF0TI.00  698489.00 T 8.55 X | H
G41-HIBE IIGTT. 00 &56500,00  B7.78
GAT-HY 30/765.00 696467 .00 Y6.01
G41-J11 I8IE0.37 §96653.19 36,39
GAT-J74 I47ET. 15 696747.89 TRV
BGEAT-J17/ 381465 .40 &6Y565634.88 12,19 X H
GAa1=T174 34171.53  696637.94 17019 F
G41-J18 IIBFB.00 8968 T0.00 T T 21,49 X H
GAT-J1Y 337866.10 676683 6Y 237073
GA1-K13 33977,00  £96764.00 86.87 X | H
¥ G41-K13A 34982,.00  696760.00 37,74 X | FH
GAT-KIIF 3I5008.00  695795.00 &§.10 X [ FA
G41-K17 34185.26  696880,05 24,17
641-K21 33340.95 696846.75 23,10 X | H
GAT-KITA 33445, 11 E9E787 .89 50.83
GAal-R2& 32388.,00  696910.00 100.58 X | H
Gai-111 35325.22  696991.50 77.58 X | H
6a41-1L13 3I4950.31 6Y7023.50 2637
GAT-LT™% I3518.08  &9/7011.31 7785 X | A
GA1-L17 ITIBET.50  &97031.13 71,06 X | H
TTTTTTTTTGA1SLTS II002. 62 &96958.00 L RY-Y X | H
G41-T25 J2504,.76 697078.38 26,06 X H
GA1-M11 3I5335.00  697300.00 3g. 52 X |FRH
GAT-NIS 33377.87  &972B7. 83 7747 R
G41-M24 32888,00 697133.00 9,39 X | H
G41-N21 33275.00 697509.00 45,87 X | H
G4a1-F16 34673.00 697615.00 5.17 X_|FRH
G41-F18 34029.00  697635.00 39,62 X [FH
G4a1-F18E 33952.00 697634,00 13,56 X | F X
G41-F24 IZ7B1.00  897585.00 105.16 X | H X
G41-022 33059.00 697746.00 96,47
RF-1 35236,00 495111.00 8.38
f 0 RF=T T T T T TT3YP36.00  695111.00 T TBIE
RF-10 35019.00  695353.00 3.51
RF-11 35062.00  695664,00 3.51
RF-12 35052.00  695820,00 T B.05
RF-13 34902.00  695655.00 2,29
RF-14 35315.00 695550.00 7.25
RF-15 35193.00  695642.00 7:16
RP=-2 35251.00  695286.00 10.36
RF-3 35269.00  695439.00 10.21
RF-4 35327.00  695718.00 10.27
RF-5 35088.00  695220.00 12,19
RF-6 35158.00 695366.00 8.38
RF=7 I5177.00  695489.00  6.55
RF-8 35223.00  695759.00 9.30
RF-% 34976.00  695166.00 10,36
RR=1 TTTTTIU931.48 695656, 04 12.59¢ X
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RR-2 37907.98  695653.25 12,65 X
= | 00 00 ~ i
STP-10 00 00 00
STP-11 00 00 00
STF-1% 00 00 T80
STP-13 00 00 00
STP-2 00 00 00
) -3 00 Q0 00
STP-4 00 00 00
STP-S 00 00 00
. 9olF=86 00 00 50
STFP-7 00 00 00
STF-8 00 00 00
= 00 00 00
STS-R1 35598.46 694385.49 33.62
STS-R10 35509.17 694435, 25 6.55
~ SIS-RI1 35514,17 694360,25 5.55
STS-R2 35552.73 694386.38 13.78
STS-R3 35534, 25 694342, 31 6,40
-R4 _JI5S94.,18 494349.7%5 6.490
STS-BS 35448.15 694323,25 12,50
ET8-B6 35434.16 694372,2% 6,22
=R7 35434.16 Y330, 2% X%
STS-B8 35490.15 694372,25—  &.10
STS-R9 35526.15 694401 ,31 6,37
STS-DHL-1 33218,00 £95385,00 13,11
] e T 6D GEE—— T § & TYSTET 00 YE8.98
[ BT8-L5L-1 34B832.97  694417.44 15,85
~ 8T6-L6L-2 J3519. 00 3VAUEZ. 3N 12.3%
- “T.8L - 34598.2 694339.7% 13,727
STS-1.SL-4 34243.17 693864 ,25 14,33
STS-1L51.-5 TR . BZ.81 16.97
STS-LSL-6 33817.97 693913,00 10.97°
STS-0L -1 34889.00 692871.00 16,15
BTE-SL=7T JI5839, 00 8495103.00 5.30
TP-1 33802.73% 696628, 81 4,88 X |CH X X
TP-10 35381.,61 696220.38 3.05
YP-11 N 8Y8T31.13 3.66 X
TP-12 35302.36 696110,63 2,59
TP-13 34149.96 696147,19 3,05
TP=-14& ' 7 wB8/7Y .00 - 3,00
TP-15 35009.75 695818.00 3.05
TP-18 35332,.84 696199,00 2,44
TF=-17/ 33703.99 3958 30.19 3.09
TP-18 34564 .74 695824.13% 3.05
TFP-19 34278.22 695885.06 2,13 -
| . 35307, 23 -] 4.57 -X |CH X X
TP-20 34198,97 696628,81 3.66
TP-21 33296.75 697488, 38 3.35 X
TP-22 RVALIR:L:] 897508, 19 3. 88 X H
TP-3 34808.58 695836, 31 5.18
TP-2 344656.18 693672.19 3,66 X |CH X X
TP=741 3479334 Y8237, 81 —4.89 X [o] X
TP-5 34320.90 493032.13 3.35 X |CH X
ip‘é 3" . 0 - 3.96
TF=7 Jad0l TS AYES9B. 8y 3. 0%




TABLE 2.2-2 (continued)

Page 8 of 13

TESTS CONDUCTED

(7]
7
>
-
<
<Zt
»
=olw 17 @
23| |5 2
(2] [ [+ 3 »n »n -
7] w - = | = <«
2|3 |w § ¥ |2 |<
i3 |E = < |2
4 7] g [ - 2z P-4
“1S |3 |2 |< |8
GLACIAL BORINGS Y1z | @ e | X[ |2
w I |§ [z 2|z |3 |&
(7] E (&) a (&) - (&) (&)
WELLNUM CNORTH CEAST TOTALD
" TP-8 35387.71  696650.13 3.66
“TF-9 T 39335,04 296452,00 1.52
TW-1 35626,00 694861,00 16,76 P X
TW-2 35443,33%  &93404.94 79,30
T TW=41 S¥787.00 65Y0.61,00 101.Y0 X H X
WF-1L 33695.00 690497.00 10.52 FR
WF-1U 33693,00 690497.00 7.83
WF=2C 35483, 00 9109, 00 7. 94 R
WF-20 36484,00 691029,00 1.83
WF-3L 36353,00 691301,00 10.06 FR
WF=30 $6346.,00 £91295,00 3.35
WF-4L 37124,00 693190,00 9,75 F
WF-4U 37132,00 493189.00 3,11
WF=5L 36B842.00  693225,00 10.06
WF-5U 36840,00 693224,00 1.52
WF-6L 36044,00 697202.00 10.06 F
— _WP-2&U 38042.00 857203.00 1.98
WP-71 35505.00 697371.00 10,06
WP-70 35507.00 697371.00 1.83 FR
WW-1 EET-E RS 674790, 00 39,60 X
WW-7 35457, 00 39%774,00 37,20 P
WW-4 35409, 34 694462.°0 00 P

PERMEABILITY LEGEND:

F = FALLING HEAD
H = HAZEN APPROXIMATION
C — CONSTANT HEAD
P - PUMP TEST

R ~ RISING HEAD
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| 1 35406.52 693910.50 124,05 X
2 35309.81 4$94279,83 294,74 X X
1 493907.03 571.88 X X X
4 3%5512.51 694385.89 323,09 X X
5 _3%4644,%5 493535,86 259,30 X X X
& ITE71.X9 49474B.14 401,17 X X
7 35739.21 693293.14 422,70 X X X
8 35723, 693414.77 353.87 X X X
_WITI_SWW"WWSX X
10 35408.87 694875,45 197.51 X X
11 35704.10 693780.15 442,26 X X X
‘"“T‘r'frssaz*au""“szvﬂt—TV‘“"wﬂB“Bf X X X
13 35853.59 693782 667,21 X X
14 35990.88 693733.0? 932,08 X
1S T BET.30 X X
16 35896.90 694269 ,44 1080.52 X X X
17 35833.96 694019,.78 202,26 X X X
18 35733.56  493881.20_ 471,53 X X X
19 35792.31 694143,59 2.34 X X
20 35593.36 694511.74 382.83 X X
21 3%7%51.88  6%4387,27 548,00 X
22 35664.16 694144,31 428,85 X X
23 3%241,01 494510.15 §577.29 X
‘__‘_'2"4_3’571'9_4'7_ X7 37,78 | X
25 35821, 693902,.87 758,65 X X
26 35521, 67 694754,09 369,11 X X
T 27 35785.2Y  &93171.07 492,30 X
28 35657.29 694207.02 544,07 X | X X X
29 35862.29 693660.08 683.97 X
30  35872,09  &93538.IK 594,94 X
31 35895.42 693416.,03 742,19 X
32 35B8643.33 693298,22 733,70 X
33 358B0.Y5 _ 6Y3173,03  SB.22
34 354%56.48 694755.49 201.50 X
35 35864.79 694023, 37 808.94 X X
35 3ISYSY.H7 893782.30 — _BA5.,52 X
37 35833.33 694269,01 860,76 X X
38 35849.640 693834.85 645,68 X
39 _35590.78 593231.56 485,50 X
40  3%489.59 693170.54 53,04
41 35818.27 694085.00 637,03 X
LY 2 S 708.7Y _ BES,14 X
43 36085.84 693415,34 1154,60 X
44 35690,85 694390,06 473,66 X
45 35BN, 20  R9ATA3. 33 73I0.41 X
46 35776.16 694634.11 845,52 X
47 3%5779.31 4£93535.57 540,72 X
48 35882.06 8Y4755.4Y 374,83 X
49 3%600.08 694877.07 489,51 X
S0 _35708.61  494755.640 289.56 ,;
. 2~ A ASUSNE  £ X}
52 357648.648 694755,71 437,10
53  35532.74 _ 46931469.78 382,52 X
35744 .54 893902.89  552.640 X 1 X X
T SS T35728.31 " " 695000.09 808.94 X
58 35773.47 694269,23 179,53
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57 35852.22  693413.90 601.98 X
58 35810.59 693297.25 495,91 X
k4 J9861Y.37 74877 .47 854,868 X
60 35744.80 694813,.32 1089.,66 X
61 35624.36 _ 693780.66 392,30 X
52 35857.82 594085.47 315.08 X X
63 35596.06 693779.61 213,06 X
54 35497.47 593961.33 566.01 X X
&89 IN/74A1.467 6Y38681.71 593,14 X X
66 35664.67  693657.34 I28.57 X X X | R
67 35653.74 693962.15 389.53 X
88 35727.63 893IVET .64 T 799.8B0 X
69 35776.14 694269.45 591,31 X X
70 35629.72 594207.56 406,60 X X X | R
71 SWbZ286.7686 8Y3IS386.46 ~202.39 X
72 35625.19 693658,13 242,01 X
73 354664.22 694512,69 690,37 X
74 _3562B.8B7 _ _594389.564  406.80 X
75 35664.10 693411,73 260,91 X X
726 35578.45 693901,55 222.50 X
‘—77“"33377“36 5932353.93 31%9.74 X X XTR
35686.06 693474,72 354,79 X X
79 35%77.08 694024.21 244,14 X
B0 35544.88  &vA3144.127 714,77 X
81 35480.92 694510,46 181,97 X
82 35638.11 693233,30 315,16 X
B3 35525.43 694754.27 544,01 X
84 35540,12 694494,85 287.73 X
B85 35457.90 694329.81 402,03 X
X3, . 738,35 X X
87 35475.31 694266.49 157.28 X
88 35425.58 693718, 443,18 X
'*——av*nm'mwvw X
90 35628.19 $93292.13 239.57 X
‘ 91 35608,.80 694572.24 434;34 X X XTR
192 35%87.88  494573.26  355.0 X
93 35751.75 693415.17 522 43 X
94 3S419.38  694450.15 406,91 X
- . . 327.05 x X
96 35745.70 693591,94 399.59 X
97 354687.73 6935364.85% 110,95
T . . ——4‘5043 x
99 35585.15 693236,44 261, X
100 35837.54 693596.01 571.90 X
144,78 X
102 35517.72 693779.0% 162,46 X
103  35486,36  693778.49 123.75 X
104 35471.22 &93778.74 154 Y X
| .105 35565.55  693535,73 158,50 X
'—.._ 106 35534.92 _ 49353%,.18 __ 120,70 X
~__ 107 35550.13 _ 693535.39 . 149,35 X ]
_ .. 108 3%519.74  693534.98  101.80 X
09 35473,91  693900.28 128,93 X
110 35458.83 693900,28 108,20 X
111 35489.85 693%900.13 163,07 X
112 "3I8%18,76  693656.75 135,33 X

- e e & v o i
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HOLE CNORTH CEAST totaLp | < e
113 35533.77  693656.77 175.87 X
114  35503,60 £93456.641 129.84 X
115  35504.58 693534.85 92,96 X
116 35504.88 693900,32 158,50 X
117 35470,33 694022, 49 124,97 X
118 3%402,01 4£942464,08 91,44 X
119 35390.01 694509 .70 99.06 X
120 35372,49 694631,42 26450 X
* I' ; \.: *__i-ﬂ:-92 x
122 35875.59 693781.91 967.44 § §
Sl 123 35635.49  694754.94 601.68
174 35712.47 _ &947&8.,39 __ 387.02 X X
125 35698.33 694085.82 467.56 X
2 2 528,52 X
99 574,24 X
128 35787.89 594085.89 811,99 X
2 443,18 X
130 35643.44 394R30.44  711.40,
131 3%5626.48 694633,43 930.55 X X
132 35626.77 $94450,16 513.28 X
T {XT 31%477.50  694329.54 _ B1.461 X
134 346315.00 692838,60 274.32 X
200 306,63 X
133 1555921 591913.24 409,60 X
137 35700.25 693961.55 1046.99 X
138 35681.53 694330,41 731.‘- X
.68 693%02.79 1076.25 X
140 35877.78 694514,23 1053, os X
| 141 35787.89 694085.89  397.46
— {47 3%5749.48  &94X31.347 _ 3T5,73 X
143 35577.77 694637.96 578.82 X X
144 _35756.53 £94450.77 242,46
e e W73 641,60 X X
146 35729.42 693719.50 739.14 X
147 3%999.55 694392.11 354.79 X
[ 148 36301.649  694609.9%9 _ ..1Q3.02
149 35675.32 694449 .69 733,04 X X
150 35710,29  424208.47 .. . 654,70 X
[~ 1S1 3S834,87 __694265.77 _ 1179.88 X X
152 3%679.33 69469%9.38 689.80 X X
153 35679.06. ... 694704.17. 843.08 X
154 35&87.B0  6YA572.75 _ 682.94 X
155 35690.18 694394,77 913,76 X X X R
156 36303,31 694516.61 . 417,58
e = . 4
158 36299.91 694608.29 365.76 X B
| 159 35730.80 = 493R41.36 __ 790.96 X X
150 35789.71 EY4331. 26 935,98 X X X
161 35066.73 693661.81 822,96 X
162 35746.91 6£93595,98 472,08 §
! (1 () (3
164 36308.48 693870.22 397.46
165 35778.53 694266.50 905,56 X X R
— 166 3577/3.64  &Y4908B,03  B48.87
167 3%770.04 694912,88 323,09
168 3&117.21 T 693%14.57 359.66 X
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TESTS CONDUCTED
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169 35598,35 694329.13 351.74 X X X
170 35675.83 694447,92 548,45 X X
ST I7T 35519.B7  694555.564  7Z4Y.33 X X
172 35737.38 694512.,13 527 .61
173 35680.83 694272,39 623,01 X X X
T 174 _3%5577.12  59443%5.45 _ 405.60 X X X X
175 35570.74 694452.88 272,80 X X
176 35624.,00 694447,44 416.97 X X X X X
177 35595.80 694207.68 306,02 X 1 X
178 35681.76 693470.46 224,94 X X
179  35744.46 693479,45 415,75 X X X X X
180 3%678.28 693351.51 244,14 X X
181 35B845.51 693833.12 1037.84 X X X X
182 35776.77 693717.48 947.44 X X
193 _35708.1% &93353.27 373,10 X X X 1 X
184 35644.98 693231,02 263,35 X X X | X
185 35735.35 693658, 64 528,83 X1 X X
T T IB6 35736.91  693595.98  575.77 X
187 35768.81 693900.98 146,30
188 35624.22 693716.,37 308,46 X X X X X X
189 35438.52 &93851.,03 795,05 X X X X
190 35819.08 694083,68 683,97 X X
191 35684.89 693597.99 286,34 X X X |1 X
— 197 35/78.53  694266.50  9BI.IS X X X X
193 35639.62 693957 .85 290,47 X | X X
194 35656.67 694146,648 482,80 X X
— 195 35461.03 6YA4631.29  137.77 X X
196 LOD e 6 R 061 167064 X x
197 35696.27 693959 .48 483,41 X1 X X
198 _35/93.31  &493902.99 656,54 X X X
199 34567.83 696896.97 594,66
200 343567.08 695969.74 506.86
1201 35172.55  492029.,47 &19.9%
202 34772.59 691896,09 115,82
203  33677.11 697130.39 611,12
204 33358.33 694B53.14  626.36
205 34008.12 696989 .36 610,82
206  34671.34 696743.50 606.86
207 345488.%9 __ _&9B005.56 ___85.80
208 34785.18 691898.56 604,72
209 35605.19 694406,32 325.53 X X X X
210 35548.21 394810.51 277, X X
211 35612.03 693839.82 298,86 X P X
212  35625,00 693798.00 214.58 X X X
Z X P X
214 35602.96 694408,83 382.52 . X
216  35542,7% 594199.75 356,31 X
217 35487.94 893520,68 254,70 X
218 35674.97 693747.90 366,06 X X X
219 355946.84 __4693840.02 200,25
T 220 . 821,09 167.644
221 35515.94 694449.70 213,36
222 35501.83 694465.98 205.43
223 I%5472.13 654495,70 785,81
224 3%476.22 694540,54 140,51
_35400.78 " "693758.93 " &8.27
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226 35571.30 694217.96 242,31
227 35544.17 4694238.73 192,02
298 35563.83 694166.90 230,12
229 3%522.66 §94200,04 152.09
230 35584.10 693856.56 202.38
231 35584.95 693783,77 148,43
232 35525.54 694362.59 226,46
233 35701,00 $93856.77 350.80 X | X X X X
234 35778.00 693%06.02 534,01 X X X X X
235 35735,00 494393.70 350,49 X | X X X
. T 72,49 309.04 X X X
Ta7  35745.00  693909.07/ 489,81 X | X X X X
238 35756.00 693840.,49 S12.67 X | X X X X
239  35704.00 693863,35 443,48 X X X X X
240 35624.00 694258.06 351,13 X X X X X X
241 35666.00 694372,36 370,03 X X
242 35597.00 694384.56 312,12 X . X
243 35788.00 693684.4% 541,02 X X X X X
244  35706.00  693881.64 403,25 X | X X X X
245 35726.40 694037.94 548.64 X | X X X X
2446 35709.98 694119.79 547.73 X X X X X
247 35708,61 694240.,99 383,74 X -l X X | X X
248 35b05.71 694480,16 384.96 X X X X X
24 5 . 5944B80.42 464,21 X X X | X X
250 35594.89 694645,18 408,74 X | X X | X X
751 35633.41 694572.21 428,24 X X | X X
‘ 2 . < . 463,30 X X X X X X
T 2853 38%4B8.40  &493535.70 714,30
T 254 35489.40 693778.70 132.59 F
7% TE34, 3144.10 159,00 =
756 35547.00 693534.,30 720,09 =
T 257 350853,20 593767.50 120.70 F

PERMEABILITY LEGEND:

F = FALLING HEAD
R — RISING HEAD

P - PUMP TEST
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SUMMARY DOCUMENTS CONTALNING THE RESULTS OF GLACIAL AND BEDROCK TESTING

GEOTECHNICAL SECTION/

REPORT/ TABLE/
VOLUME FIGURE NAME OF SUMMARY DOCUMENT
Report 12

Vol. 1 Fig. 4.2 Grain Size Distribution Summary: Site 40 Till

Vol. 1 Fig. 4.3 Grain Size Distribution Summary: Site 41 Till

Vol. 1 Fig. 4.4 Grain Site Distribution Summary: Site 40 Cse
Strat. Drirt

Vol. 1 Fig. 4.5 Grain Size Distribution Summary: Site 41 Cse
Strat. Drift

Vol. 1 Fig. 4.6 Grain Size Distribution Summary: Site 40/41 Fn
Strat. Drift

Vol. 1 Fig. 4.7 Grain Size Distribution Summary: Outwash

‘ Vol. 1 Fig. 4.8 Grain Size Distribution Summary: Site 40/41

Lacustrine

Vol. 1 Table 4.1 Summary of Glacial Material Properties

Vol. 1 Table 4.2 Summary of Bulk Sample Test Results

Vol. 1 Table 4.3 Carbonate Content Test Results

Vol. 1 Table A-1 List of Test Borings by Phase

Vol. 1 Table C-2 Permeability Estimates by Hazen's Approximation

Vol. 2 Fig. V2-12 Permeability Test Results - TP Series

Report 2b
Vol. 2 Sec. 2.2.2 Results of Soil pH Analyses
Table 2.2-2

8Geotechnical Review, Crandon Project Waste Disposal System, October 19381,
Golder Associates.

bEnvironmental Impact Report, Crandon Project, December 1982, Exxon Minerals

Company.
‘ CGeohydrologic Characterization, Crandon Project, May 1982, Golder Associates.

dResults of Geologic, Geotechnical and Hydrologic Investigations of a Portion
of the Proposed Exploration Ramp, August 1977, Dames & Moore.
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GEOTECHNICAL SECTION/
REPORT/ TABLE/
VOLUME FIGURE NAME OF SUMMARY DOCUMENT

Report 2b (cont'd)

Vol. 2
Vol. 2
Vol. 2
Vol. 2
Vol. 2
Vol. 2
Vol. 2
Vol. 2
Vol. 2
Vol. 2

Vol. 7

Vol. 7

Report 3¢

Report 4d

Sec. 2.2.2
Table 2.2-3

Sec. 2.2.2
Table 2.2-4

Sec. 2.2.2
Table 2.2-5

Sec. 2.3.1.4
Table 2.3-6

Sec. 2.3.3.5
Page 2.3-28

Sec. 2.3.3.6
Page 2.3-29

Sec. 2.3.3.7
Table 2.3-7

Sec. 2.3.4.1
Table 2.3-8

Sec. 2.3.4.1
Table 2.3-9

Sec. 2.3.4.2
Table 2.3-11

Appendix 2.3E

Appendix 2.3F

Table 4.1

Table 1

The Color of Soil Samples Based on Munsell
Classification

Results of Carbonate Pebble Content Analysis
Results of Clay Mineralogy Analysis

Summary of Permeability Tests

Summary of Range of Permeabilities for Glacial

Drift in Site Area

Summary of Aquifer Characteristics

Summary of Bedrock Permeabilities

Summary of Ground Water Quality for Principal
Aquifers

Summary of USGS Ground Water Quality Data
Results of Chemical Analysis of Bedrock Ground
Water Samples

Results of Field Permeability Tests

Results of Laboratory Permeability Tests and
Hazen Permeability Approximations

Hydrologic Parameter of Overburden and Orebody

Results of Laboratory Permeability Tests




. including particle size by both sieve and hydrometer analysis, carbonate
pebble content, Atterberg limits, moisture content, pH, color, and clay
mineral species. American Society for Testing and Materials (ASTM) procedures
were used to perform these tests of the soil material samples. Additional
information on soil testing methodologies is presented in EIR subsection

2.3.1 as well as in Golder Associates (1981).

Particle Size - Particle size, or sieve analysis, is a quantitative

determination of the distribution of particle sizes in a soil mass. The
procedure used consisted of separating the samples into a series of tractions
using a 75-mm (3-inch), 50-mm (2-inch), 37.5-mm (l.5-inch), 25.0-mm (1-inch),
19.0-mm (0.75-inch), 9.5-mm (0.38-inch), 4.75-mm (0.19-inch [No. 4]) and
2.00-mm (0.08-inch [No. 10]) sieves, or as many as may be needed depending on

. the sample or upon the specifications for the soil material under test. The
mass of each fraction was then determined to 0.1 percent, and a percent weight
was calculated. This procedure is in accordance with ASTM Standard Method for
Particle Size Analysis of Soils (American Society for Testing and Materials,
1977) with the following exceptions:

o The test was extended to and included the No. 200 U.S. Standard
sieve 0.075-mm (0.003-inch); and

o There was no further testing unless specifically requested, if
the results indicated that less than 25 percent of the soil
materials were finer than the No. 200 U.S. Standard sieve.

For a more complete description of the procedure, the reader is referred to

ASTM Part 19 Standard Method D-422, Particle Size Analysis of Soils.

Hydrometer - Hydrometer analysis is a continuation of the particle

size distribution analysis. Soil particles finer than 0.075 mm (0.003 inch)
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are too fine for the sieving process. Their distribution was determined
by the sedimentation method measured by a hydrometer. The procedure used
consisted of dispersing 50 to 100 g (1.75 to 3.5 oz.) of air dried sample with
sodium-hexametaphosphate solution. After dispersion the sodium—-hexameta-
phosphate solution was replaced with distilled or demineralized water, placed
in a glass sedimentation cylinder, and agitated. Hydrometer readings (a
density measure of the suspension) were then taken at intervals of 2, 5, 15,
30, 60, 250 and 1,440 minutes after sedimentation began, or as needed
depending on the sample. The percentages of silt, clay, and colloid content
were then calculated from these readings. This procedure is in accordance
with the ASTM Standard Method for Particle Size Analysis of Soils. For a more
complete description of this procedure, the reader is referred to ASTM

Part 19, Standard Method D-422, Particle Size Analysis of Soil.

Carbonate Pebble Content - The particle size analyses (discussed

above) were also used to obtain quantitative estimates of the amount of
carbonate fragments in the gravel from the DM-series borings and from the
G41-Gl5 series borings. For the DM-series borings, each portion of the tested
sample retained on the No. 4 U.S. Standard sieve was examined and the number
of carbonate pebbles was identified by their reaction to acid. The results of
the analyses were expressed as a percentage (by weight) of the total pebble
content of the sample. For the G41-Gl5 series borings, the entire grain size
range of each sample was included in tests performed in accordance with ASTM

procedure D3042-72.

Atterberg Limits - Atterberg limits are the water content boundaries

of various states of a soil mass in terms of liquid limit (the boundary

2.2-11




between liquid and plastic states), plastic limit (the boundary between
plastic and semisolid states), and plasticity index (the difference between
the 1liquid and plastic limits). These boundaries are expressed as a
percentage of water in the amount of dry soil by weight.

The liquid limit is defined by convention as the water content at
which two halves of a soil cake will flow together for a distance of 2.7 um
(0.5 inch) along the bottom of a groove separating the two halves when the
cup, or container is dropped 25 times from a distance of 1 cm (U.3937 inch) at
a rate of 2 drops/s. Tests were performed in a 1.8-cm (4.5-inch) porcelain
evaporation dish-drop utilizing a mechanical liquid limit device. The plastic
limit is defined by convention as the lowest water content at which the soil
can be rolled into threads 3.2 mm (0.125 inch) in diameter without the thread
breaking into pieces. Tests were performed by rolling a test sample into an
ellipsoidal-shaped mass and dividing it into pieces. Each of these pieces in
turn was formed into an ellipsoidal shape and then rolled at a rate of between
80 and 90 strokes/minute until a diameter of 3.2 mm (0.125 inch) was reached.
This process was continued until the sample crumbled under the pressure
required to roll. The moisture content was then determined by weighing,
drying, and reweighing. These procedures are in accordance with ASTM Standard
Methods. For a more complete description of the procedures, the reader is
referred to ASTM Standard Method D-423, Standard Test Method for Liquid Limits
of Soil and D-424, Standard Test Method for Plastic Limit and Plastic Index of

Soil.

Moisture Content — Moisture content is expressed as a ratio of the

weight of water and dry weight of solid in a given soil mass. It is used
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to determine dry density, degree of saturation, various indices, and for
correlation with other soil parameters. The procedure used consisted of
weighing the moist soil sample in a container of known weight, drying the
sample to a constant weight in a 110°C + 5°C (230°F + 9°F) drying oven, and
reweighing the sample. The percent moisture was then calculated. A more

complete procedure is given in ASTM Standard Method D-2216, Moisture Content

Determination of Soil.

Hydrogen Ion Activity - The hydrogen ion activity (pH) was measured

with a pH meter. The procedure used is in accordance with the ASTM suggested

method for hydrogen ion activity of peat material with the following

exceptions:
o) 25 g of soil sample and 100 ml of distilled water were used;
and
o 24 hours were allowed for soaking.

The deviation from the ASTM methodology was considered necessary
because ASTM methods for pH are for peat materials, not for the soil types
encountered in the borings, and, therefore, were considered inappropriate.
The soil pH method employed by Dames & Moore, in the absence of an ASTM

standard method, has been widely used throughout the industry.

Color Test - The color test was performed during the particle size
analyses. The color of the suspended silt/clay fraction was determined by

comparison using a Munsell soil color chart (Munsell Color, 1975).

Clay Mineralogy - Eighteen samples of the glacial materials encoun-

tered were selected for clay mineral analyses. Samples were selected from

different borings that exhibited measurable traces of clay and silt size
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particles in the opinion of the investigator and represented samples with the
relatively highest fractions of clay and silt. All determinations were based
on X-ray diffraction analysis performed by Dr. F. Michael Wahl, Department of

Geology, of the University of Florida, Gainesville.

Asbestiform Materials - During the logging and relogging of the

Crandon bedrock core, special efforts were taken to examine the core for the
presence of asbestiform minerals. A binocular microscope (7-30 X) was used to
aid in mineral identification.

Fifty-four thin sections were prepared from core from 14 drill holes
intersecting the 185 and 140 m levels at the Crandon deposit. A Leitz
SM-LUXPOL polarizing petrographic microscope with objectives of 2.5/0.08,
10/0.25, 40/0.65, and 63/0.85 was used for the examination of core thin
sections.

The location of samples was verified by Wisconsin Geologic and
Natural History Survey geologists by selecting a core thin section that could
easily be matched to the sample chip by some diagnostic geologic feature. The
chip was then matched to the core interval. At least one sample was checked
from each hole so that a minimum of 26 percent of the sample locations were
verified.

All 54 thin sections were examined by geologists from the DNR. The
geologists verified the absence of asbestiform minerals in thin sections and
the core intervals examined during the verification process.

In consideration of air quality concerns, the following summary
of the analyses indicates (1) no asbestiform minerals, such as chrysotile

and the fibrous amphibole polymorphs of actinolite, tremolite, grunerite,
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cummingtonite, anthophyllite, and riebeckite, have been found in the samples;
and (2) the bedrock at Crandon is low grade metamorphic rock. The
temperature—pressure conditions during metamorphism have not been high enough
to develop the amphibole polymorphs. Therefore, the metamorphic grade

precludes an asbestiform mineral source and supports the conclusion.

Bedrock Testing - Testing of bedrock materials, or performing

various tests in bedrock boreholes, began at project inception and has
continued through 1984. The following list summarizes the type of testing
work: assays, uniaxial compressive testing, triaxial compressive testing,
point load compressive testing, tensile strength testing, chemical analysis,
radiological testing, permeability testing, and specific gravity testing. The
primary purposes of testing bedrock materials and boreholes are ore body
definition, feasibility engineering, and preliminary mine and site
engineering. Numerous Exxon and geotechnical contractor reports cover the
various bedrock tests outlined above.

Testing of bedrock materials was also performed as part of the
geological study of the deposit and surrounding rocks. Major geological
studies on drill core included petrography, sulfide and silicate mineralogy,
ore microscopy, major and trace element geochemistry, oxygen and sulfur
isotopes, fluid inclusions, microprobe studies of sericite and chlorite, and
age dating. The primary purposes of such geological studies were to define
stratigraphy and understand the sulfide mineralogy. Reports covering bedrock
testing and methodology, which have been provided to the DNR, include Dames &
Moore (1978), Exxon Minerals Company (1980), and Hazleton Environmental

Sciences (1981).




Specific gravity determinations were both calculated and measured.
Several hundred calculations were made from the percentages of copper, zinc,
lead, and sulfur. The sulfur was allocated to copper for chalcopyrite, to
zinc for sphalerite, to lead for galena, and the remainder to percent pyrite.
These calculations are based on typical specific gravity for the minerals as
well as typical chemical compositions assuming the sphalerite has 2 percent
iron replacing the zinc. Several hundred specific gravity measurements were

also made by weighing the sample in water versus air.

2.2.1.5 Quality Control

Quality control procedures were utilized by field and office
personnel, as well as by subcontracted laboratory personnel, during the
glacial and bedrock drilling, sample acquisition, and laboratory testing as a
means of assuring that the work was completed according to currently accepted
standards and methods.

Exxon does not maintain contractor quality control data in our
files. It is the responsibility of the contractor to maintain these data
files. The remaining paragraphs in this quality control subsection explain
the general procedures used by Exxon and contractor personnel to help assure
quality control. Laboratory testing procedures are also described in

Appendix B of the report by Golder Associates (1981).

Field Procedures - All drilling operations were supervised by

qualified field representatives who classified the soils encountered in the
test borings and were responsible for sample collection for laboratory

testing.
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All piezometer installations were supervised by an Exxon or
geotechnical contractor field representative who maintained a record of
piezometer construction details. In addition, the development of the
piezometer after construction was monitored. Piezometer construction
information and piezomgter development data were reported on daily memos of
field activities.

Recordings of ground water levels in piezometers, ground water
sampling from piezometers, and in-situ permeability tests were conducted by
trained Exxon or geotechnical contractor personnel. In addition to recording
these activities on daily memos of field activities, the resulting data were

recorded on special forms designed for each activity.

Analytical Quality Control - Monitoring of analytical performance

was accomplished by the analysis of duplicate ("split”) samples. Duplicates
were handled as regular samples and were included in a specific sample
analysis sequence.

Approximately every tenth sample submitted to the laboratory was
split into duplicate samples with the same designated sample number. The
second portion of the sample was designated "QA." The analysis of the "QA"
sample was used to document that reproducible data were being generated by
comparison of the data with the known precision of the analytical method.
Precision specifies the upper and lower control limits for test results as
compared to a standard deviation. The standard deviation accepted for the
various parameters can be found in publications of the U.S. EPA (1974) or APHA

et al. (1976), or it can be derived from the data.

2.2-17




Approximately every twentieth sample submitted to the laboratory was
split into triplicate subsamples. Each of these subsamples retained the same
designated sample number. The second subsample was additionally designated
"QA" and the third "spike.” The "QA" subsample was analyzed as described in
the preceding paragréph. The “spike” portion was spiked with known
concentrations of the parameters being analyzed. The analysis of the percent
recovery of the known quantities was used to assess whether the procedure was
reliable and was measuring within an acceptable range of accuracy. The lower
control limit for recovery is based on the standard deviation accepted for the
various parameters by the U.S. EPA (1974) and APHA et al. (1976), or it can be
derived from the data.

As part of the quality control program for the present study,
samples were split at intervals specified by the DNR or as part of in-house
QA/QC. These splits were conducted in the field for separate analysis by
Aqualab, Inc., and the DNR. The Aqualab laboratory facilities were also
audited by Dames & Moore, DNR, and Exxon personnel regarding laboratory
analysis records and compliance with procedures outlined in the Quality
Assurance Manual.

Constant head and falling head laboratory tests were performed using
a constant head permeameter in accordance with ASTM methods. All laboratory
equipment was calibrated in accordance with the geotechnical contractors'

standard soils laboratory procedures.

Laboratory Procedures -  Pertinent sample history and analytical

data for soil samples were recorded on standard laboratory sheets. All test

procedures were in accordance with ASTM methods. All laboratory equipment was
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calibrated in accordance with the testing firms' standard soils laboratory

procedures.

Data Analysis — All data were rechecked by an Exxon or geotechnical

contractor employee other than the original investigator. This review
included checking of all calculations, tables, graphs, maps, and figures a

minimum of two times before incorporating them into a report.

Procedures for Handling and Assay Analysis of Geological Samples -

The following quality control procedures were followed by Exxon in preparation
of assay pulps:
1) Assay intervals were marked on the drill core by the geologist.
The core boxes were transported from the warehouse to the
sample preparation laboratory.

a) Bags were prepared for samples.

b) Tags were prepared for identifying the assay intervals,
usually 1.5 m (4.9 feet), in the core boxes.

c) Assay intervals were then recorded in numerical order.
2) The laboratory and equipment were cleaned.
3) The core was split in half using a hydraulic splitter.

a) Half of the core was returned to the core box.

b) The other half of the core fell into a clean collection
bucket.

c) The splitter station was cleaned.

4) The split interval was then crushed to minus 3/4 inch using a
jaw crusher.

5) The crushed material was then put through a Jones splitter to
obtain a representative sample. A 1/8 split was collected in a
clean tray. The reject was stored in the warehouse. The
entire unit was cleaned.

6) The 1/8 split was then put through a gyro crusher, where it was
reduced to minus 1/8 inch. The crusher station was cleaned.
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7) The sample material was then pulverized to minus 200 mesh. The
pulverizer was cleaned.

8) The pulp was then rolled 50 times on a clean rubber mat to
ensure a proper sample mixing. The area was cleaned.

9) One hundred grams of rolled pulp were then put into a pulp
envelope and mailed to the assay laboratory. The remainder of
the pulp was stored in the warehouse.

10) The assay pulp was shipped to Skyline Assay Laboratory of

Tucson, Arizona. A duplicate umpire sample was prepared from
every tenth pulp and shipped to Union Assay Laboratory for
analysis. If a significant discrepancy was found, the
procedure was for the laboratories to rerun the pulps. If
discrepancies still existed, the procedure was for the
laboratories to switch pulps and rerun the analysis. It would
then be apparent whether the problem was with the laboratory or
with Exxon's sample pulp preparation.

When the samples first arrived at the Skyline Assay Laboratory, they
were checked against the transmittal form to determine that the sample numbers
and the total number of samples were identical. Each group of samples was
assigned a job number. Assignment of job numbers was based on the "California
License Tag" system. On the Crandon Project, the first job number was
TBQ-OUl, and subsequent jobs followed as TBQ-002, etc. All of the samples,
laboratory work sheets, final reports, and invoicing were marked and coded to
this system. A second review of the samples and corresponding paperwork was
completed before they were given to a laboratory supervisor.

The supervisor assigned the job to various laboratory personnel to
perform the analysis for copper, lead, and zinc. A portion of the samples was
carefully weighed into 200-ml volumetric flasks. The first and every tenth
sample were resampled at the end of each job, along with known standard
samples and a blank for control purposes. The samples were then subjected to
vigorous hot mineral acid dissolution, cooled, diluted to a known volume, and

analyzed by standard atomic absorption techniques. The corresponding values

were reported in percentages.
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Gold and silver were determined by a standard fire assay procedure
with check assays on the higher values in each job. Values were reporEed in
ounces per ton.

Upon completion of the laboratory work, the supervisor checked the
control samples and calculations, after which the job was submitted to be
printed in final report form. The reports were reviewed for typographical
errors and a final check of the laboratory analysis before mailing to Exxon.

The remaining pulp was also returned to Exxon.

2.2.2 Environmental Study Area Geology

2.2.2.1 Physiography

The environmental study area is located within the Northern
Highlands physiographic province (Martin, 1965), a region of rolling terrain
that reflects its glacial origins. Figure 2.2-3 illustrates the topographic
features of the area. Ground surface elevation in the environmental study
area ranges from less than 472 m (1,550 feet) MSL near Rolling Stone Lake,
approximately 5 km (3 miles) south of the ore deposit, to more than 533 m
(1,750 feet) MSL, approximately 8 km (5 miles) northwest of the ore body.

The ground surface in the environmental study area is variable, from
nearly flat in floodplain and basin areas to a grade of approximately
25 percent. Topography in the study region is characterized by a general
southwest trend of the ridges and intervening valleys. This trend reflects
the southwesterly advance of the most recent Woodfordian glacier, which
reshaped the preexisting topography. Processes associated with the

Woodfordian glacier deposited new material on the reshaped uplands and
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valleys. This southwest trend is especially apparent in the upland areas of
the regional study area 8 to 16 km (5 to 10 miles) northwest of the deposit
where elongated elliptical ridges, or drumlins, have approximately 30 m
(100 feet) of vertical elevation. The southwest trend is also apparent
in the Swamp Creek valley and in the orientation of the prominent ridges
south of Mole Lake and immediately to the east and west of the ore deposit

(Figure 2.2-3).

2.2.2.2 Bedrock Geology

The bedrock in northern Wisconsin is similar to and is the southern
extension of a province of the Canadian Shield, referred to as the Southern
Province. This Province is one of seven Canadian Shield rock provinces
consisting of rocks ranging in age from 960 to 3,200 million years (Table
2.2-4) (Van Schmus et al., 1975; Van Schmus, 1976).

Volcanic rocks are found within the Southern Province as irregularly
shaped belts surrounded by granitic and gneissic rock (Figure 2.2-4). These
belts are comprised of volcanic flows and pyroclastics with interbedded
sedimentary rocks such as shale, sandstone and conglomerate. Locally, the
volcanic belts are intruded by large masses of granite or granodiorite. It is
within these volcanic belts that massive sulfide deposits may be found.

A massive sulfide deposit is generally defined as a tabular shaped
body consisting of more than 50 percent sulfide by volume. The principal
sulfide mineral found in these deposits is pyrite (iron sulfide) with lesser
amounts of sphalerite (zinc sulfide), chalcopyrite (copper sulfide), galena
(lead sulfide), and trace amounts of gold and silver. Many massive sulfide
deposits are underlain by a stockwork of chalcopyrite veinlets that may

contain quartz and pyrite.
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TABLE 2.2-4

THE GEOLOGIC TIME SCALE*

APPROXIMATE
NUMBER OF
ERA PERIOD EPOCH AGE MILLION YEARS AGO
Quaternary Recent
Pleistocene 0.007-2.0
Wisconsinan 0.007-0.075
Valderan 0.007-0.011
Twocreekan 0.011-0.0125
Woodfordian 0.0125-0.022
Farmdalian 0.022-0.028
Altonian 0.028-0.075
Cenozoic Illinoian
Kansan 0.075-1.6
Nebraskan
Pliocene 1.6-5.3
Miocene 5.3-23.7
Tertiary Oligocene 23.7-36.6
' Eocene 36.6-57.8
Paleocene 57.8-66.4
Mesozoic Cretaceous 66.4-144
Jurassic 144-208
Triassic 208-245
Paleozoic Permian 245-286
Pennsylvanian 286-320
Mississippian 320-360
Devonian 360-408
Silurian 408-438
Ordovician 438-505
Cambrian 505-570
Precambrian Late 570-1600
Middle 1600-2500
Early 22500

*Holmes, 1965; Hadley, 1976; Decade of North American Geology, Geology, 1983.
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. In Wisconsin, three major ages of Precambrian rocks are exposed. Of

these, the Middle Precambrian rocks are of interest in the study region and

are described below.

1Y)

2)

3)

Early Precambrian (older than 2,500 million years). Rocks in
the Early Precambrian are among the oldest in North America.
Most of the rock is granitic gneiss, about 3,200 million years
old, containing minor amounts of volcanic rock that have been
folded and intruded by granite (Sims, 1976; Sims and Peterman,
1976) (Figure 2.2-4).

Middle Precambrian (1,600 to 2,500 million years). Beginning
about 2,100 million years ago, sediments began to accumulate in
northeastern Wisconsin. Perhaps the most important sediments
deposited were the iron formations which host the iron ore of
the Gogebic and Florence areas (James et al., 1968). To the
south, flows and volcanic sediments were deposited in a large
trough extending across Wisconsin from Ladysmith to Marinette.
It is within this volcanic belt that the massive sulfide ore
deposits at Ladysmith (Flambeau and Thornapple), Rhinelander
(Pelican) and Crandon are found. About 1,800 million years ago,
during the Penokean Orogeny, this volcanic belt was faulted and
folded and intruded by granite (Goldich, 1972; Maass et al.,
1977). Erosion followed and quartz-rich sandstone was
deposited to the south and west in the vicinity of Rusk and
Barron counties.

Late Precambrian (600 to 1,600 million years). During this
period quartz-rich sandstone continued to be deposited in
western Wisconsin. About 1,500 million years ago, a large body
of granite, the Wolf River batholith, was emplaced in east-
central Wisconsin (Van Schmus et al., 1975).

The northernmost area of Precambrian rock in Wisconsin is
composed of a sequence of basaltic flows with interbedded
sedimentary rocks. These basalt flows accumulated in a large
trough or rift, which formed about 1,100 million years ago and
extended from Lake Superior into Kansas; a distance of over
1,600 km (1,000 miles) (Sims, 1976). Deposits of copper
occurred in some of these rocks in the Upper Peninsula of
Michigan. Near White Pine, Michigan, deposits of copper
sulfide are found in a shale.

There has been no major folding, faulting, or igneous activity

in the Southern Province of the Canadian Shield since the Precambrian era.
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The bedrock geology of the site area is the result of the synthesis
and interpretation of data from several sources. The data were gathered from
257 diamond core drilling holes in the ore deposit and in surrounding areas.
Two seismic programs also provided data and included a refraction seismic
survey conducted near the ore body by Exxon contractors and a seismic survey
performed near Mole Lake by the U.S. Geological Survey (USGS) (Lidwin, 1980;
Golder Associates, 1981).

The Crandon bedrock was formed during two volcanic cycles that
deposited rock referred to as the Hemlock Creek and the Swamp Creek groups
(Schmidt et al., 1978). Each group is subdivided into formations that are
composed of rock of a similar lithologic character and depositional history.
Frequently, members of distinct lithologic character have been identified
in the formation. The Crandon stratigraphic section is summarized on
Figure 2.2-5.

A plan view showing the subcrop geology of the site area is
presented on Figure 2.2-6. In the vicinity of the mine/mill site, the
geologic formations described in the stratigraphic section (Figure 2.2-5) are
used. Outside the mine/mill site where formational names have not been
assigned, descriptive geologic terminology was used. All of the diamond drill
core holes outside the mine/mill site are located on the map and the trace of
the drill hole plotted. Because of plotting density, all of the nearly 200
holes in the mine/mill site were not plotted. Four associated cross sections,
A-A' through D-D', are presented on Figures 2.2-7 through 2.2-10, respec-
tively. Stratigraphic and lithologic descriptions of the geology of the site
area are presented in the following paragraphs. Figures 2.2-5 through 2.2-10

provide supporting documentation for these descriptions.

2.2-24




HANGING WALL

FOOTWALL

FOREST FORMATION (ft) -
Muddy sandy sediments containing much terrigenous debris.

PINE FORMATION ( pn)
mnw e m sequence of cherty tuff , ergillite

LINCOLN FORMATION ( In)

Porphyritic flows with miner interflow tuff » Chort end
argillite.

~—
SWAMP CREEK GROUP

—
SKUNK LAKE FORMATION ( sk) )

Predominately @ basinal uence of cherty tuff , chert
ergillite , and siump bro:.c?c v )

RICE LAKE FORMATION (rc)

A series of volcanic debris flows ( blocky chioritic end miner

silicoous lapilli and breccia size debris ) and eutexitic
ash flows.

OAK LAKE FORMATION (ok)

A predominately basinal sequence of cherty tuff and
sericitic tuff.

MOLE LAKE FORMATION (ml)
Predominately o homogenous , chioritic tuff.

PROSPECT MEMBER ( mip)

A voicanic debris floew consisting eof silicesus ,
lapilli size debris.

EAGLE MEMBER (mle)
A voicenic greywocke.

CRANDON FORMATION (cr)

A basinal sequence comprised of messive sulfide » orgillite ,
tutt ,chert , ond dolomite.

SAND LAKE FORMATION (sd)
A volcanic sequence of fine tuffs and minor debris flows.
TOWNSHIP MEMBER (sdt)
A volcanic vent breccia complex censisting eof
poorly sorted , anguler lithic debris.

ODUCK LAKE

HEMLOCK CREEK GROUP

GABBRO (d
(do) EXXON MINERALS COMPANY
NASHVILLE CRANDON PROJECT

FORMATION( nh)

Porphyritic fiows.

STRATIGRAPHIC COLUMN

R. ROWE FIGURE 2.2-5




l. A'
FINEGRAINED TUFF
CRYSTAL TUFF, LAPILLI TUFF, INTRUSIVES

£

y -4_._?———

_a__?',._ﬁ

T

% Suceous Rooks —— ——

— P

Ee s

TUFF, LAPILLI TUFF, FLOWS

LCLASTIC BRECCIA] |-

[|N qsr/q l“*”

— o o avgvarer D
AT e e Te S

B ST0S 0 o e
€ ....: S
‘h.’.‘ "“. -

FEET
1000' 2000' 3GOO 4000' 50'00'

o
—

250 500 75’0 1100 1250

|
J

~,MWDF AREA
-“SITE 41
DISPOSAL PONDS

641-E13

641-E3T7

CRYSTAL TUFF ‘
«.JUFF BRECCIA

S,
"~
gl
-

T "--..._" 20
Sgi-tnde LB FIN'FU%?:MNED

EXXON MINERALS COMPANY

CRANDON PROJECT

BEDROCK GEOLOGY
OF THE SITE AREA

SCa STAT

SHOWN |""WISCONSIN “™FOREST

"ROGER ROWE _ [8784 ™"

DATE

APPROVED BY DATE APPROVED BY

DATE

APPROVED BY DATE

DATE

DRAWING NO

FIGURE 2.2-6

[REVISION NO




A'

g § |
: 8

- |
3 ; |

R com-16 ‘ I

mmm EX-5 X *

4 T ya =T | SWAMP CREEK
v LAKE e e ——'l———-——'————— =
7~ T i —— ek
STRATWIED DRWFT 7 S T R | R I s B caei
e ek e e
W e CRYSTAL TUFF, LAPILLI TUFF, INTRUSIVES

ROCKS
TUFF, LAPILLY TUFF, FLOWS [
|
1
|

BRECCIA
.
= .
! oA S

]
Il
|
I
o 100 200 300 400 S00m |

(APPROXIMATELY AT 94 000E)
NORTH-SOUTH CROSS-SECTION FROM LITTLE SAND LAKE TO SWAMP CREEK
GLACIAL AND BEDROCK GEOLOGY WITH WEATHERING PROFILE

EXXON MINERALS COMPANY

CRANDON PROJECT
TITLE

NORTH-SOUTH CROSS SECTION
FROM LITTLE SAND LAKE
TO SWAMP CREEK

'_!‘i'cué STATE TOUNTY
HOWN[™""WISCONSIN FOREST
LT':T:"'R. ROWE gza CHECKED BY DATE
DRAWING NO F'GURE 2._2-7 ::E“ [REVISION MO




o O =) o P2 0 = D . . ° i
o |- . © o Q.\"D&uo,”oo, OD
sTRona :::::zn:ew: \ \ MODERATE WEATHERING 2
FINE GRAINED| TUFF $S:FSTEAFLE(1:10"IFAF FLOWS SEDIMENTS AND Q‘ATED TUFF LAPILL! TUFF
+250m +250m
\\
om
° 100 80 0 100 m
E 8 3| Cr——— g
=250m 3 3 s SCALE 5
EXXON MINERALS COMPANY
CRANDON PROJECT
"™ NORTH-SOUTH CROSS SECTION
THROUGH MWDF SITE 41 AREA
[ SHOWN|"™ WISCONSIN _[~™" FOREST
] MA#NRQGER ROWE DATE CHECRED BY Date
“ FIGURE 2.2-8 o — |
__ _ -




-250m

wz wz wz wz
ac 3y e 532 g3
i 3-8 gga 59 ace
LI ad o - 28 -~
252 oes *555 2338 s
2538 8°° 833 233 gs3
+500m = 4 = N _ +500m
Oo V) o TP o é? o . /o . a S o
- GLACIAL OVERBURDE STRONG
MODERATE — -
WEATHERED — 24 WEATHERED
MODERATE
WEATHERED
+250m / +250m
/ \r~
om
FINE GRAINED TUFF FLOWS LAPILLI| TUFF
SEDIMENTS AND LAMINATED TUFF
CRYSTAL TUFF |AND TUFF BRECCIA
100 50 0 100m
o o o o
8 3 8 3 SCALE 8
3 3 3 3 3| -250m

EXXON MINERALS COMPANY

CRANDON PROJECT

nIE

APPROVED BY

NORTH-SOUTH CROSS SECTION
THROUGH MWDF SITE 41 AREA

<~ SHOWN]"" WISCONSIN

[~ FOREST

™"RQGER ROWE|™"

Crecaeo oy

DaTE

APPROVED 87

APPROVED BT

oarg

€xxon

™ FIGURE 2.2-9

Y ——




wz ll.f! wz
om o wzx o~
S3% 948 58 &,
g 2% gte 383
3 a -oca @583
+500m oo §§oa 3333 eon"
y/Aa < o of [GLACIAL OVERBURD &/ o
Q ° 0 o 6 ,9/ & O, © ) . o -
—p—
MODERATE WEATHERING
STRONG |WEATHERING
+250m
/ \
FINE GRAINED TUFF
COARSE GRAINED TUFF
om
o 100 50 J 100m
8 8 8 g|  ———— g
-250m 3 3| 3 8 SCALE 8

EXXON MINERALS COMPANY

CRANDON PROJECT

e

NORTH-SOUTH CROSS SECTION
THROUGH MWDF SITE 40 AREA

" SHOWN]"™" WISCONSIN |~ FOREST

m‘.RQGER ROWE OATE CHECHED BY oare
"“""FIGURE 2.2-10 pop b




The rocks of the first volcanic cycle are referred to as the Hemlock
Creek Group. The lower portion of the cycle is a series of basaltic flows of
the Nashville Formation. The base of the flows has not been encountered in
drilling. Overlying the flows is the Sand Lake Formation, a thick sequence of
tuff with interbedded. coarser volcanic debris. The upper portion of this
formation consists of a sequence of volcanic breccias composed of angular,
dark, chloritic altered fragments and less angular, light colored siliceous
fragments. This sequence of breccias, referred to as the Township Member,
formed when hot water and steam from a submarine volcanic system explosively
erupted on the sea floor and shattered the preexisting rock. The silicified
breccias and tuffs of the Sand Lake Formation were later refractured and
locally flooded with quartz, chalcopyrite, and pyrite to make up the stringer
sulfide ore.

The breccias are overlain by a sequence of volcano—-sedimentary rocks
(Crandon Formation) consisting of fine tuff, chert, argillite, and massive
sulfide. The massive sulfide commonly contains economic amounts of sphalerite
with lesser amounts of copper, lead, and silver and is called the massive
sulfide ore. The rock is generally fine grained, thin bedded, and contains
no coarse volcanic debris, indicating a period of relative quiescence.

All rocks beneath the Crandon Formation are referred to as the
stratigraphic footwall enviromment, and all rocks above the Crandon Formation
are referred to as the stratigraphic hanging wall environment.

The thick chloritic tuff of the Mole Lake Formation, which consists
of several lithologic units, overlies the Crandon Formation. Locally, the
Prospect Member, a thin unit composed of subrounded siliceous debris, is

contained within the Mole Lake Formation near its base. A wedge of cherty
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tuff (Oak Lake Formation) interfingers with the chloritic tuff of the Mole
Lake Formation at the western end of the deposit.

A thick series of volcanic debris and pumice flows, referred to as
the Rice Lake Formation, overlies the chloritic tuff of the Mole Lake
Formation. Typically, these debris and pumice flows are characterized by
angular, somewhat flattened, dark chloritic fragments in a light colored
matrix. Overlying the volcanic debris are the chert, cherty tuff, and tuft
of the Skunk Lake Formation, representing the top of the Hemlock Creek Group.

The base of the Swamp Creek Group is marked by flows of the Lincoln
Formation, which contains small amounts of tuff and argillite between the
flows. The flows are rhyolitic in composition. Cherty tuff and tuff of the
Pine Formation overlie the flows and form a wedge thickening to the west.
Interbedded mafic flows are common, especially to the east. Epiclastic
sediments of the Forest Formation lie to the north. These muddy, sandy
sediments contain much terrigenous debris and are highly susceptible to
weathering.

The geology between the epiclastic breccia and Swamp Creek Group is
not well known. Core from the upper part of holes 164, 156, 157, and 158
indicate intermediate to mafic tuffs and flows. A bedrock core from hole EX-5
consists ot relatively felsic fine grained tuff.

Two holes were drilled for bridge foundation studies at the proposed
road crossing at Swamp Creek. Holes AR-1A and AR-2A both penetrated bedrock
at a relatively shallow depth (<7 m [23 feet]), and cores recovered were a
very siliceous material. A sequence of fine grained tuff, crystal tuff,
lapilli tuff, and intrusive rocks is located north of the siliceous ridge.
Figure 2.2-7 (A-A') represents a north-south geologic cross section from

Little Sand Lake to Swamp Creek.
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Six 300-m bedrock diamond drill core holes were placed in the
proposed MWDF area (site 41). A few meters of bedrock core were also taken
from the bottom of six Golder glacial overburden holes in order to further
delineate bedrock geology. A plan view of the geology in the proposed MWDF
area 1is presented on Figure 2.2-6, and north-south cross sections are
presented on Figures 2.2-8 and 2.2-9. The rocks are predominantly a fine
grained tuffaceous sequence, with crystal tuffs predominating. The wunit
labeled "flows™ is a series of 3- to 15-m flows commonly with interflow tuff
beds. The laminated tuff sequence to the north of the flows is very fine
grained, indicating a distal volcanic source and quiet conditions. A crystal
tuff sequence is located north of the laminated tuff.

Diamond core holes 136, 201, 202, and 208 penetrate the bedrock
immediately to the southwest of the ore deposit (site 40) (Figure 2.2-6).
Figure 2.2-10 (cross section D-D') represents an approximately north-south
stratigraphic cross section through the area. The bedrock is a fairly monoto-
nous sequence of fine and coarse grained tuffs. A gabbro dike is present in
this vicinity and has been correlated with the gabbro dike (dg) underlying the

ore body because of similar thickness and textural characteristics.

Bedrock Morphology — Within the environmental study area, the top of

bedrock forms an irregular surface (Figure 2.2-11). The bedrock surface map
was constructed from several sources:

1) Bedrock elevation data obtained from drilling. Logs for holes
in Figure 2.2-11 are contained in Appendix 2.2B.

2) Geoterrex seismic survey. Survey lines indicated on bedrock
surface map (Geoterrex Ltd., 1980).

3) Geoterrex vertical electrical sounding survey in vicinity of
Swamp Creek (Geoterrex Ltd., 1981).

4) USGS seismic survey. Survey lines indicated on bedrock surface
map. (Data supplied to DNR in the report by Golder Associates

[1981].)
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Higher bedrock elevations occur over the ore body for two reasons.
Not only has the rock in the footwall been silicified by hydrothermal fluids,
but much of the hanging wall rock also consists of siliceous volcanic units.
Silica is generally resistant to weathering and erosion. The higher elevation
east-west trending bedrock north of the mine/mill site and south of Swamp
Creek is also attributable to siliceous rock, which was encountered in holes
AR-1A and AR-2A (Figures 2.2-7 and 2.2-11).

Higher bedrock elevations may also be emphasized by structural
trends (fault zones, fracture zones) or previous surface water drainage
patterns. For example, the higher east-west trending bedrock elevation south
of Swamp Creek is especially prominent because the preglacial surface water
drainage eroded an east trending valley to the south, southeast of the high.
This valley may have followed a structural trend, causing it to weather more
rapidly than surrounding terrain.

Structure alone does not produce lower bedrock elevations. For
example, in the proposed MWDF (site 41) area, the bedrock is relatively flat
(Figure 2.2-11). From observation of drill core in holes 199, 206, 200, and
G41-Cl5, it is apparent that an east/west structural zone trends through the
sediments and laminated tuff unit, which is the least competent unit in the
stratigraphic sequence.

The bedrock in northern Wisconsin, including the Crandon area, has
undergone uninterrupted erosion since Precambrian time. The 1last major
geologic change in the area occurred between 12,500 and 75,000 years ago,
when much of northern and central Wisconsin was covered by continental
glaciers. The glacial activity deposited from 30 to 70 m (100 to 230 feet) of

Pleistocene overburden on top of the Crandon ore deposit.
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2.2.2.3 Glacial Overburden Geology

Historical Glacial Stratigraphy

The surficial geology throughout the study region, and much of
northern Wisconsin, consists of glacial drift deposited during the Pleistocene
Epoch (2 million to 7,000 years ago). Drift from three of the four major
glacial advances has been recognized in Wisconsin, but the majority of the
surficial deposits resulted from the most recent advance, the Wisconsinan age
(7,000 to 75,000 years ago).

The oldest surficial deposits in the study region may be from the
Altonian substage (28,000 to 40,000 years ago) of the Wisconsinan stage. The
relatively younger glacial material was deposited during the Woodfordian
substage (12,500 to 22,000 years ago) (Hadley, 1976).

The glacial history of northeastern Wisconsin during the Woodfordian
substage is rather complex. The Woodfordian ice advanced as a series of lobes
and sublobes from several different directions during a relatively short
period of time (Hadley, 1976). This type of glaciation produced an extremely
complex set of surficial deposits, particularly in areas such as Forest and
Langlade counties where two glacial 1lobes met. Numerous individuals,
including Weidman (1907, 1913), Hole (1943), Thwaites (1943), LaBerge and
Meyers (1971), and McCartney (1979), have studied glacial materials in
northeastern Wisconsin and attempted to differentiate the various deposits.
Mickelson et al., (1974) and Simpkins (1979) described the glacial history of
the study region, including the genesis of land forms, the sequence of the

various ice advances, and the resulting surficial deposits.
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In the environmental study area, the surficial soil materials
(glacial drift) were mapped during field examination of land exposures, by the
interpretation of aerial photographs, and through data obtained from numerous
shallow borings. The locations of these borings are shown on Figure 2.2-1.
In addition, eight bo;ings (DMA-34, DMA-35, DMA-37, DMA-38, DMA-39, DMA-44,
DMA-45, and DMA-46) were drilled outside the study region. The logs of
borings are included in Appendix 2.2B. The samples obtained from these
borings were examined and analyzed in the field and laboratory. The results
of the various laboratory tests are presented in Tables 2.2-5 through 2.2-8
and in Appendix 2.2A.

The surficial geology of the environmental study area was formed by
the first recognized Woodfordian ice advance, the Green Bay lobe and by the
subsequent Langlade glacial lobe (Mickelson et al., 1974). The surficial
landforms are mainly the result of the final Langlade advance, but also
reflect the slightly earlier Green Bay topography. The advance of the Green
Bay ice from the southeast brought debris that was deposited when the ice
retreated, creating a topography of gently rolling upland areas and inter-
vening valleys. The subsequent advance by the Langlade Lobe from the north
and northeast reshaped the preexisting topography and deposited the materials
in the current landforms. These landforms and material descriptions are shown
on the surficial geology map of the environmental study area (Figure 2.2-12)
and cross sections (Figures 2.2-13 and 2.2-14).

Although the two drifts can be differentiated, information is
insufficient to accurately define the details of the Green Bay topography and
landforms. Therefore, the Green Bay material is described using the general

term "drift” on the interpretive cross sections. The Langlade material,
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TABLE 2.2-5

RESULTS OF SOIL pH ANALYSES

DEPTH DEPTH

BORING SAMPLE (FEET) pH BORING SAMPLE (FEET) pH

DMA-4 2 8.5 .05 DMB-12 5 20.5 8.95
DMA-6 4 13.5 .00 DMB-13 5 19.0 8.75
DMA-18 5 24.5 .10 DMB-14 6 25.0 6.95
DMB-1 5 19.0 .30 DMB-14 12 55.0 8.80
DMB-2 8 35.3 .10 DMB-15 1 "53.5 §.60
bMB-3 4 15.5 .30 DMB-16 10 43.8 9.35
DMB-4 5 20.5 .10 DMB-17 6 25.0 8.10
DMB-4 8 35.0 .90 DMB-18 9 40.1 7.80
DMB-5 6 23.7 .50 DMB-19 7 75.5 6.95
DMB-5 11 48.5 .00 DMB-22 9 38.6 8.35
DMB-10 5 18.5 .75




TABLE 2.2-6

THE COLOR OF SOIL SAMPLES BASED ON MUNSELL CLASSIFICATION

DEPTH DEPTH

BORING SAMPLE* (FEET) COLOR BORING SAMPLE* (FEET) COLOR
DMA-4 2 8.5 7.5 YR 4/4 DMB-10 5 18.5 10 YR 5/2
DMA-6 4 13.5 7.5 YR 4/4 DMB-12 5 20.5 10 YR 6/4
DMA-18 5 24.5 7.5 YR 5/4 DMB-13 5 19.0 7.5 YR 6/6
DMB-1 3 11.0 10 YR 5/6 DMB-14 6 25.0 7.5 YR 6/8
DMB-1 5 19.0 7.5 YR 5/4 DMB-15 1 53.5 10 YR 5/4
DMB-2 8 35.3 7.5 YR 5/4 DMB-16 3 10.5 5 YR 5/6
DMB-4 2 6.5 5 YR 5/6 DMB-16 10 43.8 7.5 YR 6/6
DMB-4 5 20.5 7.5 YR 5/4 DMB-17 2 6.5 5 YR 5/6
DMB-4 8 35.0 7.5 YR 5/6 DMB-17 6 25.0 7.5 YR 5/6
DMB-4 12 55.9 7.5 YR 6/6 DMB-17 13 60.0 5 YR 5/6
DMB-5 6 23.7 10 YR 5/3 DMB-18 9 40.1 10 YR 5/4
DMB-5 11 48.5 10 YR 5/4 DMB-19 7 75.5 10 YR 5/4
DMB-6 2 5.5 5 YR 6/6 DMB-20 8 - 34.0 5 YR 5/6
DMB-6 11 50.0 2.5 YR 5/6 DMB-21 10 44.0 5 YR 5-6/6
DMB-7 2 5.5 7.5 YR 5/8 DMB-22 9 38.6 10 YR 6/4

DMB-7 14 63.5 10 YR 6/6




TABLE 2.2-7

RESULTS OF CARBONATE PEBBLE CONTENT ANALYSES

TOTAL > PERCENT TOTAL > PERCENT
BORING  SAMPLE  CARBONATE NO. 4 CARBONATE BORING  SAMPLE  CARBONATE NO. 4 CARBONATE
DMA-1 4 0 DMB-9 3 0 - -
5 0 - - 9 8 180 4.4
8 0 - 23 ] - -
DMA-4 3 0 - DMB-10 3 0 - -
4 0 - - 4 12 108 11.1
5 0 5 0 - -
8 84 9.5
1 120 0.8
DMA-6 2 0 - - DMB-11 15 4 82 4.9
4 0 - - 16 5 105 4.8
6 3 63 4.8 19 2 56 3.6
DMA-10 4 0 - - DMB-12 5 10 28 35.7
6 0 - -
8 26 152 17.1
DMA-19 2 0 - - DMB-13 5 8 81 9.9
3 8 59 13.6
5 2 25 8.0
DMA-20 4 0 - - DMB-14 6 0 - -
5 2 59 3.4
6 6 97 6.2
DMA-30 1 0 - - DMB-15 1 0 - -
9 18 162 11.1
DMB-2 2 0 - - DMB-16 10 0 - -
7 5 118 4.2
12 0 - -
15 0 - -
DMB-3 4 1 69 1.4 DMB-17 4 1] - -
5 5 85 5.9
6 0 - -
DMB-4 5 0 - - DMB-18 9 0 - -
7 0 - -
8 1 19 5.3
11 3 28 10.7
14 0 - -
DMB-5 6 0 - DMB-19 7 2 45 4.4
11 0 -
DMB-6 2 0 - - DMB-20 2 0 -
6 0 -
DMB-7 3 0 - - DMB-22 9 2 28 7.1
5 0 - -
8 0 - -
12 0 - - G41-G15 2 NA NA 2.0
15 2 49 4.1 G41-G15A 2 NA NA 3.3
NOTE: Samples from DMA- and DMB-series borings tested for particles retained on the No. &4 U.S.

standard sieve.
each sample.

Samples from G-borings tested for the entire particle size range of



TABLE 2.2-8

RESULTS OF CLAY MINERALOGY ANALYSES

DEPTH MINERALS
BORING _ SAMPLE  (feet) MONTMORILLONITE TLLITE CHLORITE  KAOLINITE _ QUARTZ __ FELDSPAR _ DOLOMITE  CALCIITE
DMA-1 3 9.1 9 43 39 9 v Mo - -
DMA-4 1 4.0 74 4 14 v Mi - -
DMA-18 1 3.5 62 22 12 4 v Mi - Mi
DMB-1 5 19.0 28 32 34 6 v Mi Mo -
DMB-1 10 44.0 44 26 22 8 v Mi A -
DMB-2 4 15.5 13 29 58 - v Mo - -
DMB-5 2 5.5 45 40 12 3 v A - _—
DMB-5 19 88.5 36 28 27 9 v Mo - -—
DMB-6 1 2.0 71 6 18 5 v Mo - -
DMB-9 3 6.0 30 47 17 6 A Mi - -
DMB-10 7 29.0 15 40 39 6 v Mi Mo -
DMB-11 7 29.0 15 36 40 9 v Mo Mi -
DMB-14 12 55.0 83 17 Tr - v Mi - -
DMB-16 11 48.7 43 24 28 5 Vv A - —
DMB-18 6 25.5 37 37 21 5 v Mo Mo -
DMB-19 4 55.5 51 21 24 4 v Mo Mi -
DMB-20 6 24.0 71 13 10 6 ) A -- -
DMB-22 3 9.0 16 48 36 - v A Mi -

NOTE: Clay mineral content expressed as percentage of all clay minerals.

analyses and results.

KEY: V
A
Mo
Mi
Tr

Very abu
Abundant
Moderate
Minor
Trace

ndant

None observed

See Appendix 2.2C for description of
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ﬁowever, can be more easily examined, and discrete landforms and materials may
be identified. Surficial geology of portions of Langlade and Forest counties
has been mapped by the USGS on unpublished 1:24000 blueline maps, including
the study region (USGS, undated). General agreement exists between the map of
the study region (Figure 2.2-12) and the USGS maps showing surficial geology
of the study region.

The Green Bay lobe deposited a sandy, calcareous drift containing
approximately 2 to 56 percent carbonate fragments in the gravel (Mickelson
et al., 1974). The color of the suspended silt-clay fraction is generally
brown (7.5YR4/6). The last advance of Woodfordian ice to affect the regional
study area came from the north and northeast and is termed the Langlade Lobe
(Mickelson et al., 1974). Deposits from the Langlade Lobe generally overlie
the Green Bay Lobe drift and generally are reddish brown-brown, noncalcareous,
nonbedded sand with gravel and some silt and boulders. The Langlade drift
is difficult to distinguish from the Green Bay drift; however, it is
noncalcareous, generally contains no carbonate gravel, and is reddish brown to
brown (5-7.5YR4/6) (Mickelson et al., 1974).

The drift from the two lobes is mixed where the ice sheets merged or
were in proximity to one another. The drifts stratigraphically truncate and
interfinger one another from continued readvance and retreat of the ice fronts
at a given location during Woodfordian time. In some areas, these deposits
were overlain and/or separated by bedded sand and gravel and/or sand and silt
deposits, termed outwash (Simpkins, 1979).

Within the environmental study area, the thickness of the surface
materials varied from less than 8 m (25 feet) to more than 110 m (360 feet).

The lowest glacial drift encountered in the environmental study area was a
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brown, noncalcareous silty sand containing weathered gravel. The age of this
lowest noncalcareous drift is uncertain. Based on its stratigraphic position,
noncalcareous composition, and the weathered condition of the gravel, it might
represent the Merrill drift which was deposited during the Altonian substage
approximately 40,000 years ago by ice advancing from the north—-northwest
(Mickelson et al., 1974; Simpkins, 1979). From samples overlying the bedrock
in Borings DMB-19, DMB-24, and DMB-25 (near Rolling Stone Lake), the drift
was found to be noncalcareous and contains an average of 60 percent sand,
30 percent silt, and 10 percent clay (Mickelson et al., 1974).. The color is
from dark red (Munsell classification 10R3/4) to reddish brown (5YR3/4). The
color and overall condition of this oldest drift, however, were similar to the
younger, Woodfordian-age Langlade drift. This questionable lower Langlade
drift was overlain by characteristic Woodfordian drifts and was also
encountered in many deep borings in the mine/mill and mine waste disposal
areas.

Differentiation between the Green Bay and Langlade drifts in the
environmental study area was made on the basis of the color of the silt/clay
fraction and the calcareous composition and presence of carbonate pebbles in
the Green Bay drift. The initial differentiation was made during the
laboratory examination of the samples based on their reaction to dilute
hydrochloric acid. The calcareous Green Bay drift yielded a reaction, but the
Langlade drift did not. Particle size analyses and color determination of the
suspended silt/clay fraction were performed concurrently. The results of the
particle size analyses enabled the samples to be characterized as either
ice-laid or water-deposited drift. The particle size analyses were also used

to obtain quantitative estimates of the amount of carbonate fragments in the




gravels. Samples with gravel-size fractions were treated with acid to
identify carbonate pebble content, which was a criterion for indicating Green
Bay drift. Samples characterized by this criterion had carbonate pebble
contents between 0.8 and 35.7 percent, whereas samples with no carbonate
pebbles were indicative of Langlade drift. The results of these color
determinations and the particle size analyses are indicated in Tables 2.2-6
and 2.2-7 and Appendix 2.2A. Variations in carbonate content were also used
to distinguish till sheets in northeastern Wisconsin by McCartney (1979).

In addition, selected samples were analyzed by X-ray-diffraction to
determine their clay mineralogy. The clay minerals montmorillonite and illite
were consistently present in all samples. In addition, chlorite was also
found in the clay-size fraction in all samples. Kaolinite was present in most
samples but in small quantities. The most dominant non-clay mineral was
quartz, which was abundant in all samples. The results of these tests are
shown in Table 2.2-8 and Appendix 2.2A. No differentiation could be made
between the Green Bay drift and Langlade drift based on clay mineralogy.
However, the results of pH, carbonate content, and color tests were useful in
distinguishing between drifts. The combined results of these tests were used
as the basis for differentiating the two Woodfordian drifts and in preparing

the interpretive cross sections (Figures 2.2-13 and 2.2-14).

Genetic Glacial Stratigraphy

To understand glacial stratigraphy from a hydrologic perspective,
the glacial overburden must be defined on a genetic basis. This allows the

glacial overburden to be divided according to hydrologic characteristics.
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Five genetic types of glacial deposits found at the Crandon Project
are described below based on supporting documentation presented in the report
by STS Consultants, Ltd. (1984a). Each is distinguished by particle size
distribution, shape of the gradation curve, percent passing the No. 200 sieve
(P200), degree of sorting, and depositional features that can be seen in
representative samples; The terminologies for these five genetic categories
are: glacial till, basal till, coarse grained stratified drift, fine grained

stratified drift, and lacustrine.

Glacial Till -- All glacial till samples were classified as either

SM-SP or SM under the Unified Soil Classification System. Typically, the
samples were described as slightly silty fine to medium sand to silty fine to
coarse sand. Gradation curves from the glacial till samples have a
characteristic shape. The till consists of a well graded mixture (poorly
sorted) of silt, sand, gravel, and cobbles with only a trace of clay (less
than 10 percent). The glacial till deposits are extensive across the site

area and form many upland areas.

Basal Till -- A layer of glacial till was found on the bedrock
surface under portions of the site. It was designated as basal till because
it could be distinguished from the other till deposits generally by color and
grain size distribution. The basal till generally had a reddish brown color
and a high P200 content. The basal till layer was relatively thin, usually
less than 10 m (30 feet) thick.

The 11 basal till samples that were analyzed for grain size had a
range of 9 to 90 percent passing the No. 200 sieve with an average P200 of

36 percent (STS Consultants, Ltd., 1984a). They were described as silty fine
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to coarse sandy silt (ML). The composite gradation curve for the basal till
is similar to the surficial till except that the samples had slightly higher
P200 content. The basal till was often encountered above or below basal

lacustrine deposits.

Coarse Grained Stratified Drift -- The term coarse grained strati-

fied drift is used to describe glacial outwash deposits. Fifty-five samples
of the coarse grained stratified drift were analyzed and had a range of 1 to
16 percent passing the No. 200 sieve with an average P200 of 7 percent (STS
Consultants, Ltd., 1984a). The samples ranged from well sorted silty fine to
medium sand to well graded sand and gravel. The majority of the coarse drift
samples had a P200 of less than 10 percent. Besides the relatively low P200
content, the coarse grained stratified drift samples were distinguished by the
presence of stratification, indicating fluvial deposition, which was absent in

the till samples.

Fine Grained Stratified Drift -- The fine grained stratified drift

is a relatively well sorted, uniformly graded, fine grained glacial outwash
deposit. Samples of fine grained stratified drift had an average P200 of
11 percent within a range of 2 to 51 percent (STS Consultants, Ltd., 1984a).
Under the Unified Soil Classification System, these samples were classified as
SP, SM-SP, SM, or ML. They were generally described as fine sand, silty fine
sand, and fine sandy silt. The fine grained stratified drift, together with
the coarse grained stratified drift, form what is called the aquifer material
at the Crandon Project. These are glacial outwash deposits, as opposed to the

glacial till or fine grained lake deposits.
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Lacustrine -— The lacustrine category includes relatively fine
grained sediments deposited at the bottom of lakes during both glacial and
more recent (post-glacial) deposits under Little Sand, Oak, Skunk, Duck, and
Deep Hole lakes. Samples of the lacustrine sediments from glacial times had
an average P200 of 66 percent within a range of 9 to 98 percent (STS
Consultants, Ltd., 1984a). These lacustrine sediments were characterized by
their fine grained nature and the presence of varves. The varves were
generally very thin layers (less than 0.5 cm [0.20 inch]) of very fine sand,
silt, and moderate to high plasticity clay reflecting the seasonal and annual
fluctuations in deposition.

Samples of the lacustrine sediments from post-glacial lakes included
massive deposits of fine silt and clay ranging in thickness from 1 m
(3.3 feet) in Skunk Lake to 15 m (50 feet) in Duck Lake.

Thirteen geologic cross sections were prepared to illustrate the
soil conditions (Figures 2.2-16 through 2.2-18). The index for the geologic
cross sections is presented on Figure 2.2-15. The cross sections illustrate
the interpreted stratigraphy of the Crandon Project using the five categories
described previously: glacial till, basal till, coarse grained stratified
drift, fine grained stratified drift, and lacustrine. The cross sections were
based on results from the new EX borings as well as older G40, G41, CDM, and

DM borings.

2.2.3 Mine/Mill Site Geology

The mine/mill area includes the surface facilities for the mine and
mill and the ore body, generally including the area bounded by Skunk, Little

Sand, and Oak lakes, as shown on Figure 2.2-19.
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2.2.3.1 Physiography

Ground surface elevation in the mine/mill area is from less than
485 m (1,600 feet) MSL near Little Sand and Skunk lakes to more than 539 m
(1,770 feet) MSL, between Oak Lake and Little Sand Lake. The area consists of
a series of southwest-northeast trending drumlin ridges with flat and pitted
outwash plains and lake beds forming the lowlands. These landforms reflect
the southwesterly advance of the Langlade ice lobe, which deposited till and
outwash on the uplands and valleys, respectively.

The ground surface in the mine/mill area is quite variable, from
nearly flat in the outwash plains to a grade of approximately 15 percent

and greater on the sides of ridges.

2.2.3.2 Bedrock Geology

The Precambrian bedrock of the mine/mill area, including the ore
body, were deposited during two volcanic cycles, referenced as the Hemlock
Creek and the Swamp Creek groups. The formations and members that comprise
these two groups are illustrated with descriptions on Figure 2.2-5. Detailed
stratigraphic descriptions have been presented in subsection 2.2.2.1. The
rock formations strike approximately north 80 degrees west and dip 70 to
90 degrees north, as illustrated on Figures 2.2-6 and 2.2-20 through 2.2-23.

The Crandon sulfide deposit is identifiable for a distance of
approximately 1,524 m (5,000 feet) along strike and to a depth of
approximately 732 m (2,400 feet) below the bedrock surface. Its thickness
varies from less than 0.3 m (1 foot) on the west to 76 m (250 feet) near its

center (Schmidt et al., 1978).
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Within the Crandon deposit there are two distinct ore types,
designated as massive ore and stringer ore. They occur in near equal amounts
(Figures 2.2-20 through 2.2-23). Massive ore is zinc-rich and consists of
layers of sulfide within the sediments of the Crandon Formation. Stringer ore
consists of copper-rich quartz-chalcopyrite veins in the breccia and tuff of
the underlying Sand Laké Formation. Current recoverable reserve estimates are
61.1 million metric tons (67.4 million short tons) with an approximate average
grade of 5.6 percent zinc, 1.0 percent copper, 0.5 percent lead, 40 grams/ton

silver, and 1 gram/ton gold.

Massive Ore - The massive sulfide ore forms a tabular body with a
length of 1,300 m (4,260 feet) extending to a depth of 550 m (1,800 feet), and
varying in thickness from 0 to 60 m (0O to 200 feet). The ore body strikes
approximately north 80 degrees west and dips from vertical to 75 degrees
northward (Figure 2.2-22). The ore consists primarily of bands of sphalerite
with minor chalcopyrite and galena interbedded with pyrite. Total sulfide
content of the ore averages 70 percent by volume. The remaining 30 percent is

generally quartz or chlorite.

Stringer Ore - The stringer ore body consists of a network of

quartz-chalcopyrite-pyrite veins that crosscut the breccias in the Sand Lake
Formation approximately parallel to and beneath or to the south of the Crandon
Formation massive ore (Figures 2.2-22 and 2.2-23). The stringer ore body is
1,400 m (4,590 feet) in length, extends to a depth of 700 m (2,300 feet), and
ranges from O to 50 m (0 to 160 feet) in thickness. Chalcopyrite is the
important ore mineral and occurs as stringy or patchy grains in the quartz

veins. Sphalerite and galena are not common in this ore.
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Near the surface, the ore body has been partially oxidized and
leached. The oxidation of chalcopyrite and subsequent downward percolation of
copper bearing water has resulted in the formation of supergene chalcocite (a
copper sulfide), which is redeposited as thin films on the pyrite. Chalcocite
occurs only in small amounts and is generally above the 140-m (455-foot)
level.

Asbestiform mineralization in the Crandon sulfide deposit was
investigated (Lambe, 1979). Asbestiform minerals consist of chrysotile, and
the fibrous amphibole polymorphs of actinolite, tremolite, grunerite,
cummingtonite, anthophyllite and reibeckite. Samples of massive and stringer
ore and of the enclosing volcanic sedimentary rocks to be penetrated by the
mine were examined by the preparation of thin sections and examination under
an optical microscope. No asbestiform minerals were found in core and thin
sections of waste rock to be disturbed by the underground workings. Three
rock samples were noted to contain an amphibole mineral, but these samples
came from volcanic rock that occurs outside of the area to be mined (May,
1979).

The Crandon deposit does not display any major folding or faulting.
Minor faulting or shearing exists along the Crandon Formation-hanging wall
contact. This minor faulting developed in thin, incompetent beds in response
to stress release and promoted the weathering of the Crandon Formation rocks,
which will be discussed below. Other small fault zones have been observed in

drill core, but they can seldom be correlated from drill hole to drill hole.
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Bedrock Weathering - The Crandon deposit has been subjected to

uninterrupted weathering since Precambrian time, as the area has been one of
positive relief since the Penokean orogeny 1.8 billion years ago.

Weathering is the destructive process or group of processes causing
the physical disintegration and chemical decomposition of bedrock. The
primary agent of destrﬁction is ground water, commonly containing atmospheric
oxygen. Over geologic time, the thickness and profile of the weathered
bedrock would héve varied considerably, depending upon environmental
conditions. At present, the total thickness of weathered rock is relatively
thin because of extensive stripping by glacial action.

In describing the weathered rock at Crandon, the drill core was
evaluated with respect to the destructive processes of oxidation, leaching,
argillization (pervasive clay development), and fracturing (Rowe, 1982). The
extent to which each destructive process has affected the material sampled by
the drill core was classified by relative intensity (Table 2.2-9).

After each of the destructive processes was evaluated and rated for
a specified interval of core, an overall rating of weathering intensity was
applied that reflects the severity of all the destructive processes combined.
Figure 2.2-24 is a generalized cross section illustrating a typical north-
south weathering profile of the Crandon ore deposit rock. The weathering
profile and active destructive processes vary considerably between the
stratigraphic footwall, Crandon Formation, and the stratigraphic hanging wall.
This is in response to the primary chemistry of the rock and the physical-

chemical conditions acting upon it.
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TABLE 2.2-9

DESTRUCTIVE PROCESSES AND WEATHERING INTENSITY RATINGS

Destructive Processes

Oxidation Total: Total oxidation of all sulfides.

Partial: Partial oxidation of all sulfides.

Trace: Traces or small quantities of transported and/or
indigenous limonite on fractures or bedding
planes.

Leaching Strong: >5 volume percent secondary porosity.
Moderate: 2-5 volume percent secondary porosity.
Weak: Trace-1 volume percent secondary porosity.
Argillization Strong: Pervasive strong development of clay. Rock soft
and breaks easily. (Rock easily gouges with
nail.)

Weak: Weak or partial clay development, but rock does

not break easily.
Fracturing Strong: >20 fractures/foot.

Moderate: 5-20 fractures/foot.

Weak: 1-4 fractures/foot.

Weathering Intensity Rating

Strong:

Moderate:

Strong developuent of two or more of the destructive processes.
Rocks will have very low compressive strengths, and workings
would have to be supported at all times.

Strong development of one of the destructive processes (or
moderate development of two) and weak to moderate development of
at least one more. Rocks may or may not be strong enough to
hold a back, depending upon which destructive processes have
been active. Strong development of argillization or fracturing
would make the rock very weak or unstable, whereas strong
development of oxidation or leaching may not seriously affect
its ability to hold a back.

Moderate leaching with only minor other effects. The compres-
sive strength of the rock is not seriously reduced. ‘

Weak development of leaching and or oxidation. Rock strengths
are not affected.
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Weathering in the Mine Site Area

Footwall - The footwall rock referred to in this discussion is
primarily a 200-m (656-foot) zone south of the Crandon Formation (Figure
2.2-20). The rock is unique not only because it contains the stringer sulfide
(copper-rich) ore zone, but also because it 1is strongly silicified and
pyritized by the hydrothermal solutions that created the ore body. Because of
their siliceous character, they react in a particular way to the destructive
weathering processes.

The primary destructive weathering process is leaching. Leaching is
generally in the moderate range for a few tens of meters beneath the subcrop,
gradually reducing to the low and weak range (Figure 2.2-24). The base of the
leached zones is somewhat irregular but is not as highly erratic as the

Crandon Formation weathering profile discussed below.

Crandon Formation - The Crandon Formation is more deeply
weathered than the footwall rock because of the presence of thin, interbedded
tuffs, high sulfide content (50 to 90 percent), and minor faulting or
shearing. The most prominent feature is a weathering "groove” along the
hanging wall side of the Crandon Formation, which locally may penetrate below
the proposed 230-m mine level. The groove actually runs the length of the

Crandon Formation and is highly irregular.

Hanging Wall - The hanging wall rock is weathered differently
from either the Crandon Formation or the footwall rock because the hanging
wall rock is a relatively homogeneous, nonsiliceous, fine grained chloritic

tuff that contains small amounts (generally less than 1 percent) of sulfides.
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Argillization is the primary destructive process, and moderate
weathering commonly penetrates to a depth of 50 to 75 m (160 to 245 feet).
Chlorite is readily converted to kaolinitic clay in the presence of ground
water and low temperature/pressure environments. The presence of pyrite
accelerates this process from the creation of acidic solutions in the
weathering process. Fracturing is commonly relatively strong in the upper 10
to 50 m (30 to 160 feet), gradually fading in intensity with depth. This type
of fracturing is likely to be caused by unloading stress (both weathering and
glacial rebound) and near-surface ground movements in the weakened weathered

rock.

Permeability of Weathered Rocks - A generalized permeability profile

for the bedrock of the mine site area is presented on Figure 2.2-25. The
following discussion and supporting data on bedrock permeability are based on
information presented in the report entitled "Bedrock Permeability” by Exxon

Minerals Company (1984).

Footwall - Strong, moderate, and low weathered rocks were all
classified as moderately permeable and are likely to be in the upper 1074 to
mid-10"2 cm/s range. Weakly weathered rock was classified as weakly perme—
able, which is considered to be less permeable than 1072 cm/s. No rock was

classified as strongly permeable in the footwall.

Crandon Formation - The Crandon Formation is complex in terms
of permeability. The high relative permeability is associated with the deeply
leached weathering groove. It is also associated with the near-surface

siliceous massive sulfide, much of which has been oxidized to gossan near the
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bedrock surface. Permeabilities were estimated to be in the 1072 to 1073 cm/s
range. The weak relative permeability is not only associated with weakly
weathered rocks, but more importantly, with oxidized chloritic massive sulfide
near the subcrop. The chloritic gangue weathers to kaolinitic clay and
results in a severely reduced permeability. All other strong, moderate, and

low weathered rock was classified as moderately permeable.

Hanging Wall - Permeability is consistently in the 1076 through
1078 cm/s range in the moderate and weak weathered rock. This is true because
kaolinitic clays are relatively mobile and fill the channelways for fluid
movement. In the strong weathered rock, permeabilities may increase slightly
to the 102 cm/s range.

The weathering profile is deep in the vicinity of the ore body when
compared to the surrounding rock. The anomalous deepening of the strong and
moderate weathering in these rocks is a chemical weathering response to the
acidic ground water solutions generated by the leaching of sulfides in the
adjacent Crandon Formation. It is also a physiochemical response to the weak
movements (shearing and fracturing) along or near the upper contact of the
Crandon Formation with the hanging wall rock, which promoted the circulation

of ground water along that contact.

Weathering Outside the Mine Site Area - In the MWDF area, the

bedrock weathering profile has been traced on the geologic cross sections in
Figures 2.2-8 and 2.2-9. The intensity of weathering appears to be controlled
primarily by rock type. On both cross sections B-B' and C-C', any core from
the flows or from the crystal tuff-tuff breccia are essentially unweathered.

This is because the SiOy content in these rocks is higher than the surrounding
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rocks and because the porosity in these rocks is lower. The surrounding rocks
are more heavily altered to chlorite by regional metamorphism because of their
primary texture and chemistry.

Weathering probably not only follows rock types in general, but
intensity is also related to fracture zones, which facilitate water movement
(on a geologic timeframé) and allows for more rapid and deeper penetration of
weathering. Fracturing and primary rock type are often related, the earth
stresses being released in the least competent stratigraphic units. This
phenomenon is illustrated by examining holes 199, 200, 206, and G41-Cl5, all
of which penetrate the sediments and laminated tuff unit (Figure 2.2-7), the
least competent stratigraphic unit in the MWDF area. All holes are fairly
heavily fractured near the surface. Adjacent competent stratigraphic units,
illustrated by holes 203, 205, and G41-El17, contain little to no fracturing.
Because fracturing is generally réstricted to incompetent stratigraphic units,
water movement (in the 1076 cm/s or less range, based upon permeability tests
[Exxon Minerals Company, 1984]) will be essentially linear, along the trend of
the fractures. Should the trend of the fractures not be parallel to the
hydraulic gradient, flow will be limited further.

Only one piezometer (EX-9AL) was set into bedrock in the MWDF
vicinity. The hole was drilled to test the glacial aquifer and penetrated
3 m (10 feet) into bedrock without recovering core. Permeability testing in
the bedrock indicated a value of 1.8 x 1078 cm/s (STS Consultants, Ltd.,
1984). This bedrock permeability test in the MWDF was located in rock similar
to the mine site hanging wall rock where there are results from several
permeability tests (Exxon Minerals Company, 1984). Not only is the rock

similar in composition, but the active destructive weathering effects are also
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similar. There is no evidence or reason to believe that permeability values
are different.

The composition of the bedrock in site 40 is similar to the MWDF
(site 41) area. However, in general, sulfide content is slightly higher and
weathering is a little stronger (Figure 2.2-10). Permeability tests have not
been conducted in this area; however, permeability values are not expected to
vary markedly from site 41 or the mine/mill site hanging wall (10‘5 through

1078 cm/s).

2.2.3.3 Glacial Overburden Geology

The bedrock in the mine/mill area is covered by 23 to 70 m (75 to
230 feet) of Pleistocene glacial silt, sand, and gravel. The majority of
these materials are classified as till and stratified drift which are outwash
and ice contact deposits. Fine grained soils, silt and clay, were present in
minor amounts as lacustine deposits and are mostly associated with wetlands.
‘The main emphasis for study in the mine/mill area was on the hydraulic
characteristics of the glacial soils. As a result, most of the numerous
borings (Figure 2.2-1) were interpreted by a genetic classification of soils,
using such terms as glacial till, stratified drift, and lacustrine; as com-
pared to the classification of the deposits by historical stratigraphic
terminology, using such terms as Langlade till and Green Bay drift.

Cross sections depicting the surficial geology through the mine/mill
area are shown on Figures 2.2-16 through 2.2-18. The glacial deposits were
interpreted through data obtained from numerous borings and geophysical
borehole logs. The lines of section for these profiles through the mine/mill

area are shown on Figure 2.2-15. The results of various field and laboratory
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tests are presented on the logs and in Appendix 2.2A, and the logs of borings
are included in Appendix 2.2B. In a study of the mine/mill area, geophysical
logs were wused to obtain hydrogeologic characteristics of the glacial
overburden, to determine the porosity of the various weathered zones in the
bedrock, and to define the contact between the glacial overburden and the
bedrock (Camp Dresser & McKee Inc., 1982). The soil units, according to the
genetic classification, consist of a layer of till overlying a layer of coarse
grained drift, which overlies a deeper layer of till. The wunits are
differentiated by grain size distributions and shape of the distribution
curves (Golder Associates, 1981, 1982; STS Consultants, Ltd., 1984a).

There are five perched lakes in the site area. The surface water
level is above the regional potentiometric surface in Little Sand, Skunk,
Duck, Deep Hole, and Oak lakes. Expanded geologic cross sections of these
five 1lakes showing the relative elevations of the surface water and
potentiometric surface are presented on Figures 2.2-26 through 2.2-30.

Six borings were drilled from the ice surface of Little Sand Lake to
deterimine the type of soils beneath the lake. The borings indicated that the
materials beneath the lake bed consisted of very loose organic silt underlain
by slightly organic silty clay. The silt ranged between 2.4 and 5.5 m (8 and
18 feet) in thickness and the clay was between 3.4 and 6.4 m (11 and 21 feet)
thick. Beneath the clay, coarse grained stratified drift was encountered (STS
Consultants, Ltd., 1982).

One boring was drilled from the ice surface in Skunk, Deep Hole,
Duck, and Oak lakes to determine the type of soil beneath the 1lake. The
borings indicated that the materials beneath the lake beds consisted of very

loose organic silt underlain by slightly organic silty clay. The thickness of
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the lake bottom soils for each lake was as follows: Skunk, 0.73 m (2.4 feet);
Oak, 5.18 m (17.0 feet); Deep Hole, 8.17 m (26.8 feet); and Duck, 15.5 m
(51.0 feet). Glacial till or stratified drift was encountered beneath the
clay (STS Consultants, Ltd., 1984b).

Soil samples from three borings in the mine/mill area, DMA-4,
DMB-iO, and DMB-16, were analyzed to determine their «clay mineralogy
(Table 2.2-8). The clay minerals, montmorillonite, illite, chlorite, and
kaolinite, were present in all samples. The most dominant non—-clay mineral

was quartz, which was abundant in all samples.

2.2.4 Mining Waste Disposal Facility Geology

The proposed mine waste disposal area (site 41) is shown on Figure
2.2-19. The location boundaries are approximate and show the general area but
not the precise limits of any recommended waste disposal system. The focus of
investigation centered on the upland area east of Duck Lake and west of

Hemlock Creek.

2.2.4.1 Physiography

Ground surface elevation in the mine waste disposal area is less
than 479 m (1,580 feet) MSL along the floodplain of Hemlock Creek. The
highest elevation 533 m (1,760 feet) occurs at the top of a drumlin ridge
between Skunk Lake and Hemlock Creek. The area consists of a broad drumlin
ridge oriented in a north-south direction with flat and pitted outwash plains
and lake beds forming lowlands on the east and west between Little Sand Lake
and Hemlock Creek. The ground surface in the mine waste disposal area varies
from nearly flat in the outwash plains to a grade of approximately 25 percent

on the sides of ridges adjacent to the Hemlock Creek floodplain.
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2.2.4.2 Bedrock Geology

The mine waste disposal area is underlain by Precambrian rock of the
Hemlock Creek and Swamp Creek groups. The bedrock surface is relatively flat
beneath the center of the area, forming a bench-type surface with a higher
elevation to the northwest towards the mine/mill area, and decreasing towards

the eastern edge of the area (Figure 2.2-11).

Mineral Potential of Sites 40 and 41 - Potential for economic base

metal mineralization in site 41 is negligible. First, only traces of base
metals were noted, which is a regional background condition. Second, the
bedrock did not display any evidence of hydrothermal alteration. In the mine
area, the hydrothermal fluids were the medium for moving the metals into the
system. The fluids also left a "chemical imprint” on the rocks through which
they passed or resided. No such chemical imprint exists in bedrock in the
site 41 area. Airborne and ground geophysical investigations were also
conducted in the site 41 area with negative results. The plan geologic map
(Figure 2.2-6) and cross sections (Figures 2.2-8 and 2.2-9) for the site 41
area have been discussed earlier.

Mineral potential in site 40 is also low. There are local but minor
concentrations of base metals in drill hole 131, as well as some evidence of
hydrothermal alteration. Potential for shallow economic base metal mineral-
ization is low; however, potential for deep mineralization would be slightly
higher, but very unlikely. Geophysical investigation in site 40 supported
the lack of mineral potential at shallow bedrock depths. Geophysical evalu-
ation such as airborne or ground EM is only considered effective at shallow
depths in this type of environment. One cross section (Figure 2.2-10) was

constructed in the site 40 area.
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2.2.4.3 Glacial Overburden Geology

The principal materials found throughout the depth of the glacial
deposits in the mine waste disposal area are till and coarse grained strati-
fied drift and fine grained stratified drift. Lesser amounts of basal till
and lacustrine deposits were also identified. Weathered rock was penetrated
beneath the glacial materials in some of the boreholes (Figures 2.2-8 and
2.2-9).

The subsurface glacial stratigraphy was interpreted from the
numerous test borings in the mine waste disposal area (Figure 2.2-1) and from
the laboratory and field tests presented in Appendix 2.2A, on the boring logs
in Appendix 2.2B, and in various supplemental reports (Camp Dresser & McKee
Inc., 1982; Golder Associates, 1981, 1982; STS Consultants, Ltd., 1982,
1984a).

Cross sections depicting the surficial geology through the mine
waste disposal area are shown on Figures 2.2-16 through 2.2-18. Lines of sec-
tion for these profiles are shown on Figure 2.2-15. The main emphasis for
study in the mine waste disposal area was on the hydraulic characteristics of
the glacial soils and their varying physical properties. As a result, most of
the borings were not described according to specific glacial stages but were
interpreted by a lithologic classification of the materials using such terms
as glacial till, stratified drift, and lacustrine (Golder Associates, 1981;
STS Consultants, Ltd., 1984a).

Thickness of overburden in the mine waste disposal area ranges from
about 47 m (156 feet) at the northern edge of the area in the floodplain of
Hemlock Creek to approximately 98 m (320 feet) at the southern edge of the

area between Deep Hole and Walsh lakes.
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The mine waste disposal area is primarily underlain by a relatively
thick upper till unit that forms the ridge between Little Sand Lake and
Hemlock Creek. This upper till is present beneath other ridges in the study
region, but is very thin in lowland areas which are mostly underlain by coarse
and fine grained stratified drift. The thickness of the till is much more
extensive in the mine Qaste disposal area than most other areas of the study
region. This is important because the till is less pervious than the
underlying coarse or fine grained drift. The hydrological characteristics of
these deposits are described in section 2.3, Ground Water. Soil samples from
five borings in the mine waste disposal area, DMB-1, DMB-2, DMB-5, DME-6, and
DMB-9, were analyzed for clay mineralogy content (Table 2.2-8). The clay
minerals montmorillonite, illite, and chlorite were present in all samples.
Kaolinite was present in all samples except from Boring DMB-2. Quartz was the
most dominant non-clay mineral and was abundant or very abundant in all

samples.

2.2.5 Seismology

Historic Seismicity — Northern Wisconsin and the upper peninsula of

Michigan are two of the more seismologically stable areas in the United
States. Figure 2.2-3 shows the locations of the few historical seismic
events and their relation to the site area and regional structural features.
Table 2.2-10 1lists the major historical seismic events (Modified Mercalli
intensities greater than II) within a 320-km (200-mile) radius of the site
area. The intensity of each seismic event is described by the Modified

Mercalli Intensity Scale, described in Table 2.2-11.
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TABLE 2.2-10

HISTORICAL SEISMICITY WITHIN 200 MILES OF THE

CRANDON PROJECT SITE AREAZ

MODIFIED MERCALLT

DATE LOCATION INTENSITY
1905 Mar 13 Menominee, MI \Y
1905 Jul 26 calumet, MI VII
1906 May 26 Keweenaw Peninsula, MI VIII
1909 Jan 22 Houghton, MI v
1931 Oct 18 Madison, WI b’
1933 Dec 6 Stoughton, WI III
1935 Oct Negaunee, MI II-111b
1943 Feb 9 Marinette County, WI [I-11IP
1944 Nov 16 Escanaba, MI II-111b
1945 May 18 Escanaba, MI b
1947 May 6 Southeastern, WI v
1955 Jan 5 Calumet, MI Iv
1955 Jan 6 Hancock, MI v
1956 Jul 18 Oostburg, WI v
1956 Oct 13 Milwaukee, WI 1Y

3Docekal, 1970; Coffman and VonHake, 1973.

breported as felt by several people (Docekal, 1970).



II.

III.

Iv.

VI.

VII.

VIII.

IX.

XI.

XII.

TABLE 2.2-11
MODIFIED MERCALLI INTENSITY SCALE OF 1931 (ABRIDGED)

Not felt except by a very few under specially favorable circumstances. (I Rossi-Forel
Scale)

Felt only by a few persons at rest, especially on upper floors of buildings. Delicately
suspended objects may swing. (I to II Rossi-Forel Scale)

Felt quite noticeably indoors, especially on upper floors of buildings, but many people
do not recognize it as an earthquake. Standing motorcars may rock slightly. Vibration
like passing of truck. Duration estimated. (III Rossi-Forel Scale)

During the day felt indoors by many, outdoors by few. At night some awakened. Dishes,
windows, doors disturbed; walls make creaking sound. Sensation like heavy truck striking
building. Standing motorcars rocked noticeably. (IV to V Rossi-Forel Scale)

Felt by nearly everyone; many windows, etc., broken; a few instances of cracked plaster;
unstable objects overturned. Disturbance of trees, poles, and other tall objects some-
times noticed. Pendulum clocks may stop. (V to VI Rossi-fForel Scale)

Felt by all, many frightened and run outdoors. Some heavy furniture moved; a few
insta?ces of fallen plaster or damaged chimneys. Damage slight. (VI to VII Rossi-Forel
Scale

Everybody runs outdoors. Damage negligible in buildings of good design and construction;
slight to moderate in well-built ordinary structures; considerable in poorly built or
badly designed structures; some chimneys broken. Noticed by persons driving motorcars.
(VIII Rossi-Forel Scale)

Damage slight in specially designed structures; considerable in ordinary substantial
buildings with partial collapse; great in poorly built structures. Panel walls thrown
out of frame structures. Fall of chimneys, factory stacks, columns, monuments, walls.
Heavy furniture overturned. Sand and mud ejected in small amounts. Changes in well
water. Persons driving motorcars disturbed. (VIII+ to IX Rossi-Forel Scale)

Damage considerable in specially designed structures; well-designed frame structures
thrown out of plumb; great in substantial buildings, with partial collapse. Buildings
shifted off foundations. Ground cracked conspicuously. (IX+ Rossi-Forel Scale)

Some well-built wooden structures destroyed; most masonry and frame structures destroyed
with  foundations; ground badly cracked. Rails bent. Landslides considerable from
riverbanks and steep slopes. Shifted sand and mud. Water splashed (slopped) over banks.
(X Rossi-Forel Scale)

Few, if any, (masonry) structures remain standing. Bridges destroyed. Broad fissures in
ground. Underground pipelines completely out of service. Earth slumps and land slips in
soft ground. Rails bent greatly.

Damage total. Waves seen on ground surfaces. Lines of sight and level distorted.
Objects thrown upward into air.




The largest seismic events within 320 km (200 miles) of the site
area occurred on the Keweenaw Peninsula (Figure 2.2-3), approximately 209 km
(130 miles) north. The largest seismic event occurred on May 26, 1906. The
Modified Mercalli Intensity of this event was reported as an VIII (Docekal,
1970; Coffman and VonHake, 1973). According to the regional attenuation
characteristics reported by Gupta and Nuttli (1976), the intensity felt at the
site area from any of the events on the Keweenaw Peninsula would have been
less than Intensity V. The localized nature of some of the "felt"” areas and
calculation of the average radii of the reported "felt"” area indicate that
these events were probably not even felt at the site area. Major seismic
activity may be restricted to the Keweenaw Peninsula and should not be
expected in the stable, aseismic study region of the Crandon Project.

The largest seismic events reported in the midcontinent of the
United States occurred during the 1811-1812 New Madrid earthquake series.
During this period, events with Modified Mercalli Intensities as high as
XI-XII were reported in the New Madrid, Missouri area. An isoseismal map of
the December 16, 1811 event, prepared by Nuttli (1973), indicates a Modified
Mercalli Intensity of IV felt in the Crandon, Wisconsin area. However, an
isoseismal map prepared by Stearns and Wilson (1972) for the same event shows

the Crandon area experienced a Modified Mercalli Intensity of less than II.

Site Area Seismic Design - The results of regional and site area

geology studies were used to estimate the maximum probable horizontal ground
acceleration that might be expected at the site area. Considering the
regional geology and seismic history, it is conservatively concluded that the

site should not have experienced a Modified Mercalli Intensity greater than
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III to IV from any historical seismic event. Considering the tectonic
stability of the study region, it is improbable that future seismic events
will be larger than the historical events. Therefore, a ground horizontal
acceleration of 4 percent of gravity at bedrock is recommended for engineering
design. This level is derived conservatively from consideration of an inten-
sity of IV to V felt at the site area as a result of the recurrence of any
historical event. The acceleration/intensity conversion employed is derived
from Trifunac and Brady (1975) wherein a "mean" acceleration in competent rock
expected from an Intensity V event is less than 4 percent gravity. The design
ground motion is conservative, considering the local seismicity, but allows
for the possible consequences of large, distant events and their extended
duration of motion from long-period seismic waves.

The existing seismic risk maps were reviewed as a check on the
validity of the assumed horizontal ground motion. Algermissen and Perkins
(1976) bave shown that the study region lies within a region having a
90 percent probability that acceleration of approximately 4 percent gravity
will not be exceeded for hardrock in a 54-year period. Milne and Davenport
(1969) showed an acceleration value of 1 percent gravity with a 100-year
return period. Perkins (1974) displayed a map wherein the study region lies
within a zone where the earthquake risk is described as minor damage, and
where distant earthquakes may cause damage to structures with fundamental
periods greater than 1 second, corresponding to Modified Mercalli Intensities
of V and VI.

The range of expected intensity values in the above analyses is
primarily from the various assumptions used by the authors as input to their
respective statistical procedures. However, all studies corroborate the low

seismicity of the study region.
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In reviewing all aspects of the various analyses, a design accelera-
tion of no higher than 4 percent gravity is considered reasonable. It is
emphasized, however, that this design parameter was developed for the response
of firm, competent foundation material.

Since competent bedrock in the site area is overlain by approxi-
mately 61 m (200 feet) of unconsolidated glacial material, some amplification
could occur so that structures at the site area might be subjected to somewhat
higher levels of acceleration, particularly in certain frequency ranges. An
approximation of this amplification can be made based on the responses
identified for areas of similar geologic conditions. Seismic acceleration
data developed for Illinois Power Company's Clinton Power Station in central
Il1linois (Illinois Power Company, 1974) indicate an amplification factor of
1.5 for a site underlain by more than 61 m (200 feet) of unconsolidated
glacial material. This factor is in agreement with an empirical approach used
by Nuttli (1973), which states that unconsolidated soils can increase ground
accelerations by a factor of 1.0 to 1.5. Applying this factor to the assumed
4 percent gravity acceleration of bedrock indicates an expected ground motion

of 6 percent gravity at foundation level.

2.2.6 Summary and Conclusions

1) The study region is located in the seismically stable Southern
Province of the Canadian Shield, composed of Precambrian
bedrock ranging in age from 960 to 3,200 million years.
Massive sulfide deposits occur in volcanic rocks surrounded by
granitic gneisses within the province. These deposits,
including the Crandon ore deposit, are generally tabular-shaped
bodies consisting of more than 50 percent sulfide by volume.

2) The Crandon sulfide deposit is identifiable for a distance of
approximately 1,524 m (5,000 feet) along strike and to a depth
of approximately 732 m (2,400 feet) below the bedrock surface.
Its thickness varies from less than 0.3 m (1 foot) on the west
to 76 m (250 feet) near its center.
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3) The Crandon bedrock was formed during two volcanic cycles that
deposited rock referred to as the Hemlock Creek and the Swamp
Creek groups. Each group is subdivided into formations that
are composed of rock of a similar lithologic character and
depositional history.

4) In the environmental study area, glacial overburden has been
differentiated on the basis of historical glacial stratigraphy.
Differentiation between the Green Bay and Langlade drifts was
made on- the basis of color, calcareous composition, and
carbonate pebble content. Laboratory tests were performed on
samples to determine these differences.

5) In the environmental study area, glacial overburden has also
been differentiated from a hydrologic perspective on the basis
of genetic glacial stratigraphy. Five major categories have
been identified as till, basal till, coarse grained stratified
drift, fine @grained stratified drift, and lacustrine.
Differentiation was made on the basis of Unified Soil Classi-
fication System, geophysical logging, permeability testing,
grain size analysis, and other laboratory testing.

6) The Crandon deposit bedrock has been subjected to uninterrupted
weathering since Precambrian time. At present, the total
thickness of weathered rock 1is relatively thin because of
extensive stripping by glacial action.

7) There are five perched lakes in the site area. The surface
water level is above the regional potentiometric surface in
Little Sand, Skunk, Duck, Deep Hole, and Oak lakes.

8) The surficial topography is primarily the result of the final
Langlade ice advance and is characterized by southwest trending
ridges and valleys.

9) The largest seismic events in the region occurred on the
Keweenaw Peninsula, north of the site area. The largest
of these occurred in 1906 and had a Modified Mercalli Intensity
of VIII. The intensity felt at the site would have been rela-
tively minor because of regional attenuation characteristics.

2.2.7 Glossary

The following is a glossary of terms used in section 2.2. It is
modified from Gary et al. (1972) and Bates and Jackson (1980).

alluvium - Clay, silt, sand, gravel, or similar detrital material deposited by
running water.

aquifer - Soil or rock strata capable of yielding usable quantities of water
to wells. As used in this report, it includes both fine and coarse
grained stratified drift.

2.2-54



argillite - A compact rock, derived either from mudstone (claystone or
siltstone) or shale, that has undergone a somewhat higher degree of
induration than is present in mudstone or shale but that is less clearly
laminated than, and without the fissility of, shale, or that lacks the
cleavage distinctive of slate.

argillization - Development of clay minerals in rock adjacent to mineral
veins.

asbestiform - Mineral that is fibrous, like asbestos.

basalt - A general term for dark-colored mafic igneous rocks, commonly
extrusive but locally intrusive (for example, as dikes) composed chiefly
of calcic plagioclase and clinopyroxene; the fine grained equivalent of
gabbro.

basalt flows - See basalt, flow.

basal till - Glacial till deposit found on the bedrock surface.

batholith - A large, generally discordant plutonic mass that has more than
100 km?2 (40 square miles) of surface exposure and no known floor. Its
formation is believed by most investigators to involve magmatic
processes.

breccia - A coarse grained clastic rock, composed of angular broken rock
fragments held together by a mineral cement or in a fine grained matrix,
originating by igneous, or volcanic, processes.

chert - A hard, extremely dense or compact, dull to semivitreous, microcrys-
talline sedimentary rock, consisting dominantly of interlocking crystals
of quartz; it may contain amorphous silica (opal). It may be an original
organic or inorganic precipitate or a replacement product.

cherty - Containing chert (for example, "cherty"” limestome).
chlorite - A group of plagzi monoclinic, usually greenish minerals of the

general formula (Mg,Fe ,Fe+3)6Alsi3010(OH)8. It is characterized by
prominent ferrous iron and by the absence of calcium and alkalis;
chromium and manganese may be present. Chlorites are associated with and
resemble the micas; they may also be considered as clay minerals.

chloritic - Containing chlorite.

colluvium - (a) A general term applied to any loose, heterogeneous, and
" incoherent mass of soil material and/or rock fragments deposited by
rainwash, sheetwash, or slow continuous downward creep, usually col-
lecting at the base of gentle slopes or hillsides. (b) Alluvium
deposited by unconcentrated surface runoff or sheet erosion, usually at

the base of a slope.

dip - The angle that a structure surface (for example, a bedding or fault

plane) makes with the horizontal, measured perpendicular to the "strike"
of the structure and in the vertical plane.
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dolomite - (a) A common rock-forming rhombohedral mineral: CaMg(C03)2;
commonly is white, colorless, or tinged yellow, brown, pink, or grey.
Part of the magnesium may be replaced by ferrous iron and less frequently
by manganese. (b) A carbonate sedimentary rock more than 50 percent by
weight of the mineral dolomite or approximating the mineral dolomite.

drift - A general term applied to all rock material (clay, silt, sand, gravel,
" boulders) transported by a glacier and deposited directly by or from the
ice, or by running water emanating from a glacier. Drift 1includes
unstratified material (till) that forms moraines, and stratified deposits
that form outwash plains, eskers, kames, glaciofluvial sediments, etc.

drumlin - A low, smoothly rounded, elongate oval hill, mound, or ridge of
compact glacial till or, less commonly, other kinds of drift (sandy till,
varved clay), built under the margin of the ice and shaped by its flow,
or carved out of an older moraine by readvancing ice; its longer axis is
parallel to the direction of movement of the ice. It usually has a blunt
nose pointing in the direction from which the ice approached, and a
gentler slope tapering in the other direction.

esker - A long, narrow, sinuous, steep-sided ridge composed of irregularly
stratified gravel and sand that was deposited by a subglacial or
englacial stream flowing between ice walls or in an ice tunnel of a
stagnant or retreating glacier, and was left behind when the ice melted.
It may be branching and is often discontinuous; and 1ts course is usually
at a high angle and to the edge of the glacier.

eutaxitic - Said of the banded structure of certain volcanic rocks, which
results in a streaked or blotched appearance.

flow - (a) A mass movement of unconsolidated material that exhibits a
continuity of motion and a plastic or semifluid behavior resembling that
of a viscous fluid. Water is usually required for most types of flow
movement. (b) The mass of material moved by a flow.

fold - A curve or bend of a planar structure such as rock strata, bedding
planes, foliation, or cleavage. A fold is usually a product of deform
although its definition is descriptive and not generic and may include
primary structures.

footwall - The underlying side of an ore body or mine working.

gabbro - A group of dark-colored, basic intrusive igneous rocks composed
principally of basic plagioclase (commonly labradorite or bytownite) and
clinopyroxene (augite), with or without olivine and orthopyroxene; also,
any member of that group. It is the approximate intrusive equivalent of
basalt.

gangue — A nonmetallic, or a worthless metallic, mineral associated with ore
minerals.

glacial outwash - See outwash.
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glacial till - Non-sorted, non-stratified sediment deposited directly by a
glacier.

gneiss — A foliated rock formed by regional metamorphism, in which bands or
lenticles of granular materials alternate with bands or lenticles in
which minerals having flaky or elongate prismatic habits predominate.
Generally less than 50 percent of the minerals show preferred parallel
orientation. Although a gneiss is commonly feldspar- and quartz-rich,
the mineral composition is not an essential factor in its definition.

gossan - Oxidized massive sulfide.
granitic - Pertaining to or composed of granite.

granodiorite - A group of coarse grained plutonic rocks intermediate in
composition between quartz diorite and quartz monzonite, containing
quartz, plagioclase, and potassium feldspar, with biotite, hornblende,
or, more rarely, pyroxene, as the mafic components; also, any member of
that group; the approximate intrusive equivalent of rhyodacite.

greenstone belt - Term applied to elongate or beltlike areas within Precam-
brian shields that are characterized by abundant “greenstone" (any
compact dark-green altered or metamorphosed basic igneous rock that owes
its color to the presence of chlorite, actinolite, or epidote).

greywacke - An old rock name that has been variously defined but 1is now
generally applied to a dark grey firmly indurated coarse grained sand
that consists of poorly sorted angular to subangular grains of quartz and
feldspar, with a variety of dark rock and mineral fragments imbeddea in a
compact clayey matrix having the general composition of slate and
containing an abundance of very fine grained illite, sericite, and
chloritic minerals.

hanging wall - The overlying side of an ore body or mine working.

intrusion - The process of emplacement of magma in preexisting rock; magmatic

activity; also, the igneous rock mass so formed within the surrounding
rock.

kame - A low mound, knob, hummock, or short irregular ridge, composed of

stratified sand and gravel deposited by a subglacial stream as a fan or
delta at the margin of a melting glacier; by a superglacial stream in a
low place or hole on the surface of the glacier; or as a ponded deposit
on the surface or at the margin of stagnant ice.

kame terrace - A terracelike ridge consisting of stratified sand and gravel

formed as a glaciofluvial or glaciolacustrine deposit between a melting
glacier or a stagnant ice lobe and a higher valley wall or lateral
moraine, and left standing after the disappearance of the ice. A kame
terrace terminates a short distance downstream from the terminal moraine;
it is commonly pitted with kettles and has an irregular ice-contact
slope.
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lacustrine - As used in this report, it refers to soil (usually fine grained)
deposited at the bottom of lakes, both glacial and recent deposits under
the Little Sand, Oak, Skunk, Deep Hole, and Duck lakes.

lapilli - Volcanic ejecta that may be either essential, accessory, or accidental
in origin, of a size range from 4 to 32 mm (0.16 to 1.25 inches).

leaching - The extraction or selective removal, of soluable constinuents [rom
an ore or rock by slowly percolating water.

metric ton - A metric ton equals 1,000,000 grams. Its approximate U.S.
equivalent is 1.1 tons.

outwash - (a) Stratified detritus (chiefly sand and gravel) removed or "washed
out” from a glacier by meltwater streams and deposited in front of or
beyond the end moraine or the margin of an active glacier. The coarser

material is deposited nearer to the ice. (b) The meltwater from a
glacier.
overlap - A general term referring to the extension of marine, lacustrine,
overlap g g

or terrestrial strata beyond underlying rocks whose edges are thereby
concealed or “overlapped,” and to the wunconformity that commonly
accompanies such a relation; especially the relationship among
conformable strata such that each successively younger stratum extends
beyond the boundaries of the stratum lying immediately beneath.

perched lake - The surface water level is above the ground water potentio-
metric surface (water table).

piezometer - Ground water observation well sealed into a particular soil or
rock stratum used to measure ground water head or hydrostatic pressure.

pitted outwash deposits - Deposits of outwash (see outwash) with pits or
kettles, produced by the partial or complete burial of glacial ice by
outwash and the subsequent thaw of the ice and collapse of the surficial
materials.

porphyritic - Said of the texture of an igneous rock in which larger crystals
(phenocrysts) are set in a finer grained ground mass, which may be
crystalline or glassy or both. Also, said of a rock with such texture,
or of the mineral forming the phenocrysts.

potentiometric surface map - Subsurface contour map showing the elevation of
the water table.

pyroclastics — A general term for a deposit of pyroclasts. A pyroclast is an
individual particle ejected during a volcanic eruption. It is usually
classified according to size.

rift — A long, narrow continental trough that is bound by normal faults.
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sericite - A white, fine grained potassium mica occurring in small scales and
flakes as an alteration product of various aluminosilicate minerals,
having a silky luster, and found in various metamorphic rocks (especially
in schists and phyllites) or in the wall rocks, fault gouge, and vein
fillings of many ore deposits.

sericitic - Pertaining to or composed of sericite.

short ton - A short ton equals 2,000 pounds and its metric equivalent is
0.907 metric ton.

stockwork - A mineral deposit consisting of a three-dimensional network of
planar to irregular veinlets closely enough spaced that the whole mass

can be mined.

stratified drift - Synonymous with glacial outwash.

strike - The direction or trend taken by a structural surface (for example, a
bedding or fault plane) as it intercepts the horizontal.

subcrop - The top of bedrock immediately beneath the glacial overburden.

terminal moraine - The end moraine, extending across a glacial valley as an
arcuate or crescentic ridge, that marks the farthest advance or maximum
extent of a glacier or ice sheet. It is formed at or near a more or less
stationary edge, or at a place marking the cessation of an important
glacial advance.

till - Dominantly unsorted and unstratified drift, generally unconsolidated,
deposited directly by and underneath a glacier without subsequent
reworking by meltwater, and consisting of a heterogeneous mixture of
clay, silt, sand, gravel, and boulders ranging widely in size and shape.

tremie pipe - Usually a small diameter pipe used to conduct bentonite or grout
into the borehole annulus.

tuff - A rock formed of compacted volcanic fragments, generally smaller than
4 mm (0.16 inch) in diameter.

varves — A series of thin layers of soil representing seasonal sedimentation
typically found in lacustrine deposits.
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