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1.0 EXECUTIVE SUMMARY

WZ! Inc. (WZI) conducted a Mineral Resource Evaluation of Alternative Project Sites for
the Golden Queen Mining Company, Inc. (Golden Queen) Soledad Mountain Project in
eastern Kern County, California. The principal objective of this investigation was to
determine if viable alternative project sites were present within a distance of 100 miles of

the proposed Soledad Mountain Project.

A review of the geology, gold mineralization, and proposed mine development of the
Soledad Mountain Project was conducted. Alternative project siting criteria developed
from review of the Soledad Mountain Project geological and mineralization conditions
included the following: (1) proximity to known past gold producing districts; (2) presence
of potential ore-body host rock that consists of fractured Cretaceous granitic or Tertiary
volcanic rock; (3) proximity to area(s) where a potential ore reserve or resource base of
40 to 50 million tons of gold bearing ore can be developed with grades of 0.01 to 0.05
oz/ton with stripping ratios of overburden to ore below 8:1 and gold recoverable with heap-
leaching production methods; and (4) proximity to established utility and infrastructure

support.

Database review of the regional geology was accomplished by review of existing surface
geologic and geophysical maps from both published and unpublished sources. Mining
districts with past gold production were reviewed from published literature and the
individual districts described with respect to known geologic and gold mineralization trends
that are similar to those at the proposed Soledad Mountain Project. Favorable areas
where potential gold deposits similar to that of the Soledad Mountain Project were
identified. A review of known exploration activities by private companies that have
occurred during the past 10 years within the favorable areas was conducted by
interviewing active and past active operators. Land status of the area of investigation was
identified using existing federal and state maps that depict restricted areas where mineral

development is prohibited. In addition, recent legislation by the U.S. Congress established
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the California Desert Protection Act, by which a large portion of the California desert area

has been withdrawn from mineral exploration and/or production.

The investigation concluded:

Forty mining districts were found to exist within the area of investigation of the
alternative project sites where gold mineralization in commercial quantities was
determined to have existed;

A total of 14 of the altemate project site mining districts evaluated are located
either within or immediately adjacent to state of California or federal lands that
have been designated as Primitive or Wilderness Areas and are not available for
mineral exploration or development;

An additional three sites are located within or immediately adjacent to federal
,military lands and are not available for mineral exploration or development;

Alternate project sites that represent the best potential alternative sites are: (1)
the operating Yellow Aster Mine owned by Glamis Gold Ltd. located in Kern and
San Bernardino Counties and within the Randsburg District; (2) the Zenda Mine
Project owned by Claim Staker Resources, Inc. located in Kern County and within
the Loraine District; and (3) the Big Horn Mine Project, owned by Siskon Gold,
Inc., located in Los Angeles County and within the Mount Baldy District.

The three alternate sites represent the best potential alternate project site options

available to the Soledad Mountain Project within the area of investigation. These three

sites have reported potential ore reserves of less than 25 percent of the projected ore

resources of the Golden Queen Soledad Mountain Project (2.3 million ounces of gold

equivalent). In addition, in each of these sites, a mining company has already established

controlling interest in the identified mining properties.
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2.0 INTRODUCTION

21 Project Background

Golden Queen Mining Company, Inc., has proposed the development of the Soledad
Mountain Project. The proposed project consists of an open pit precious metals (goid and
silver) mining and heap leach processing facility to be developed at Soledad Mountain,
approximately five miles southwest of the unincorporated town of Mojave in Kern County,
California (Exhibit 1).

The project area consists of approximately 1,600 acres, of which 1,165 acres are privately
owned land and 435 acres are unpatented mining claims on public lands administered by
the U.S. Bureau of Land Management, Ridgecrest Resource Area Office of the California
Desert District (BLM). The Kern County Planning Department is the lead agency for
compliance with the Califomnia Environmental Quality Act (CEQA) and will oversee Golden
Queen’s implementation of and compliance with the Surface Mining and Reclamation Act
of 1975 (SMARA), which is applicable to all mining operations within the State of
California. BLM is the lead agency for compliance with the National Environmental Policy
Act (NEPA) and will oversee compliance with the standards and procedures in the BLM

regulations for surface mining of public land under the general mining law.

The project is located within an unincorporated area of eastern Kern County and is on and
around Soledad Mountain, west of State Route 14 and south of Silver Queen Road. The
project area includes portions of Sections 5, 6, 7 and 8 in Township 10 North, Range 12
West and Sections 1 and 12 in Township 10 North, Range 13 West, San Bernardino Base
and Meridian (Exhibit 1).

The objective of the Soledad Mountain Project is to develop an open pit precious metals
(gold and silver) mine and heap leach processing operation with the potential for the
production of aggregate and construction materials. Up to 60 million tons of ore and 230

million tons of overburden materials will be mined. The anticipated life of the project is up
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to 15 years with employment expected for approximately 230 people. Processing
operations will continue for approximately two years after the cessation of mining, at which

time the project will begin closure and reclamation.

The closest electrical power lines that are capable of providing power requirements to the
Soledad Mountain Project are located at the northeast corner of the project site. A new
substation will be constructed on the project site with overhead and underground

distribution network to serve the various operations on the project site.

The Soledad Mountain Project is estimated to require water at the average rate of 750
gallons per minute. This water will be supplied from groundwater that will be pumped from
three water supply wells. This water will be used for mining and leaching operations and

dust control.

Project operations will be followed by closure and reclamation of the site. The objectives
of reclamation are: (1) to assure that adverse environmental effects are prevented or
minimized and that mined lands are reclaimed to a level consistent with current use; (2)
to encourage the production and conservation of minerals while giving consideration to
values relating to recreation, watershed, wildiife, range and forage, and aesthetic
enjoyment; and (3) to assure that residual hazards to the public health and safety are
eliminated.

A total of 930 acres will be disturbed by the project, approximately 215 of which have been
disturbed as a result of prior activities on the site. Except for the open pit mine, which
covers 265 acres, and 20 acres of process area highwall and side slope, all disturbed

acreage will be subject to reclamation and/or stabilization processes.
As part of the CEQA requirements for alternative locations, WZI conducted an Alternative

Site Location Investigation. As a consequence, WZI staff reviewed regional geological

and mining data to determine the possible locations for an alternative project site.

07330010.285 4



2.2 Area of Investigation

The area of investigation for data collection of the alternative project site is depicted on
Exhibit 2. All geological and mining data publicly available was reviewed to a distance of
75 or 100 miles from the proposed Soledad Project location near Mojave. The
investigation also included evaluation of alternative sites in mining districts located in

portions of Los Angeles, Ventura, Inyo, San Bernardino, Riverside and Kern Counties.

2.3 Database Utilized

The database utilized to conduct the investigation included:

- All publicly accessible and pertinent geological and geophysical data for this
portion of California. U.S. Geological Survey, U.S. Bureau of Land Management,
U.S. Forest Service, U.S. Bureau of Mines and California Division of Mines and
Geology reports and maps were reviewed;

- Proprietary geological and geophysical data owned by individuals and companies
that was made available to WZI staff to conduct the investigation; and

. Discussions with active and previously active mineral exploration company
personnel familiar with the geology and gold deposits of the area of investigation

was also conducted.

24 Limitations

WZI has prepared this investigation in accordance with the accepted standard of care
which exists in California at the time the investigation was conducted. It should be
recognized that the evaluation of published and unpublished technical reports and data
from which conclusions of this investigation were based, were accepted as being

technically correct.
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3.0 INVESTIGATION PROCEDURES

3.1 Geology and Gold Mineralization at the Soledad Mountain Project

Regional Geological Background

The tectonic history of the western United States is complex, with subduction-related
orogenic events occurring from the Late Cretaceous Period (74.5 million years ago) to the
middle Miocene time (16 million years ago) (Mabey. and others, 1978). Principal
magmatic arcs present in the area of investigation inciude the Sierra Nevada Mountain
Range and the San Gabriel- San Bernardino Mountain Ranges (Exhibit 2). These ranges
are relatively narrow, with well-defined zones of calc-alkaline volcanic and plutonic activity
that was inferred to have occurred above subduction zones. The deposits of base and
precious metals within the area of investigation appear to be closely associated with these

orogenic events.

A possible source of the Tertiary-age calc-alkaline volcanic rocks at Soledad Mountain
is the partial melting of oceanic and crustal material as it descended into the subduction
zone (Coney, 1978). The fracture pattern within the deep crystalline basement rock is
inferred by regional magnetic and gravity data (Mabey and others, 1978). These fractures
may have developed in response to easterly-directed compressional forces related to
subduction of the oceanic plate and may have acted as preferred pathways above which

subsequent volcanic vents or centers occurred.
Miocene volcanic flows and volcaniclastic sediments at Soledad Mountain rest

unconformably on Late Cretaceous quartz monzonite of the Sierra Nevada batholith
(Jennings, 1977).
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Geology of the Soledad Mountain Project

Soledad Mountain is a moderately eroded, complex-shaped  silicic volcanic center that is
postulated to have formed during middle to late Miocene time (16.9 to 21.5 million years)
(Troxel and Morton, 1962; Perez, 1978). Soledad Mountain can be interpreted as being
the remnant portion of a caldera or irregular-shaped volcanic center. Volcanic rock
composed of felsic flows, tuffs, and breccias with rock types ranging in composition from

quartz latite to rhyolite are present in the Soledad Mountain Project area (Dibblee, 1967).

The oldest rocks at Soledad Mountain are the Late Cretaceous quartz monzonite.
Overlying the quartz monzonite are the Tertiary volcanics. The oldest Tertiary volcanic
unit is the early Miocene age quariz latite flows which represent the oidest eruptive
sequence. These flows are postulated to have originated from at least three separate
vent centers and form a broad platform that underlies a large portion of the Soledad

Mountain and immediate surrounding area (Perez, 1978).

Overlying the quartz latite flows is a middle unit comprised of pyroclastic units. This
middle pyroclastic flow unit is a thick, near-vent accumulation of coarse pyroclastic
debris, thin bedded distal airfall tuff, and pyroclastic flows that rests on both the underlying

quartz latite flows and quartz monzonite.

Overlying the quartz latite flows and the middle pyroclastic units is @ sequence of flow-
banded rhyolite. This flow-banded rhyolite is inferred to have had a single vent source.

The rhyolite is restricted mainly to outcrops along the northern edge of the complex.

Rocks of the upper pyroclastic unit (middle Miocene) lie unconformably on the flow-banded
rhyolite. This unit represents a near-vent accumulation of interbedded sequences of

poorly sorted chaotic breccias and moderately sorted layers of coarse ash and lapilli tuffs.

The youngest and most widespread of the volcanic units is the porphyritic rhyolite. The

largest exposure of this unit is present west and southeast of the Soledad Mountain
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summit, where it forms three moderately eroded and coalescing lava domes. This unit was

emplaced through, and locally overlies, all other volcanic units of the complex.

The other gold-producing mines located in the district have similar lithologic and
volcanogenic characteristics to those of Soledad Mountain (Clark, 1970). Common
features include: epithermal hot spring-style of mineralization; host rocks consisting of

calc-alkaline voicanics; and structurally controlled alteration and mineralization.

The Standard Hill Mine is located northeast of Soledad Mountain. The geology at
Standard Hill Mine consists of high-angle faults that contain quartz veins that cross-cut
quartz monzonite and quartz latite volcanics (Gardner, 1954). The veins strike north to
northwest with shallow dip angles to the east and northeast, respectively.

The Tropico Mine is located approximately seven miles to the south of Soledad Mountain.
The geology at the Tropico Mine has quartz monzonite that is overlain by quartz latite,
flow-banded rhyolites and rhyolite porphyry similar to the voicanics of the Soledad
Mountain (Gardner, 1954). The gold-bearing veins at the Tropico Mine strike east-west
and dip 65 to 70 degrees to the south. Quartz veins fill pre-mineral faults, with movement
continuing during and after mineralization (Clark, 1970; Clark, 1980).

The Cactus Mine, located approximately five miles west of Soledad Mountain consists of
quartz latite to rhyolite flows resting unconformably on quartz monzonite. The strike
pattern of the veins varies from southeast to northeast. Mineralization is associated with
quartz-filled faults, fault breccia and zones of solidification and argillization of the wall rock
(Clark, 1970).

Gold Mineralization

The gold mines within the Mojave-Rosamond mining district appear to line the rim of a
collapsed volcanic center. The center of the volcanic center is postulated to have been
located southeast of Soledad Mountain, north of the Tropico Mine, and southeast of the
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Cactus Mine. Volcanism waned approximately 16 million years ago at Soledad Mountain
and allowed meteoric waters to flow back into the volcanic complex and mix with upward
migrating magmatic fluids. Magma chamber(s) at depth are inferred to have supplied a
continuing heat source and migrating fluids at depth formed geothermal convection cells
with cooler, near-surface meteoric water. Precious metal-bearing solutions probably
migrated upward along the pre-existing fault and fracture surfaces until physical and
chemical changes encountered near the ground surface caused precipitation of metals into

the host rocks (Berger and Eimon, 1981; Buchanan, 1981).

Gold mineralization has occurred at the Soledad Mountain area as a series of epithermal
veins, filling faults and shear zones (Perez, 1978). A series of these veins are present at
Soledad Mountain and are exposed at the surface within a northwest-trending belt
approximately 4,000 feet wide and 6,500 feet long. Vein widths vary from three feet to 50
feet and are consistent along strike and down dip. Some of the veins have been mined

to a vertical depth of 1,000 feet below ground surface.

The lateral extent of mineralization of the voicanic units at Soledad Mountain is variable
(Perez, 1978). Mineralization of the voicanic flow units of quartz latite, flow-banded
rhyolite and porphyritic rhyalite is reported to be generally confined to faults and fault
breccias and shows a weak potential for mineralization into the wall rock. Where
mineralized faults and veins cross—cut the middie and upper pyroclastic units, a wider haio
of mineralization into the host rock occurs. This halo indicates a possible leaking of
hydrothermal solution into the more permeable and porous tuffaceous units of the Soledad

Mountain volcanic complex.

Published mining production records indicate the Mojave-Rosamond District has produced
approximately 1,046,000 ounces of gold or goid equivalent from over two dozen mines

(Clark, 1970).
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The largest known producers in the Mojave-Rosamond District included:

Mine Gold Produced
Golden Queen: 483,792 ounces
Cactus Gold: 241,896 ounces
Standard Group: 169,327 ounces
Tropico: 114,000 ounces

Much of the past gold produced at the Mojave-Rosamond District was from underground
mines that typically had gold ore concentrations that ranged from 0.25 to 0.5 oz/ton (Clark,
1870). During the 1980's, heap leach projects were started by several mining companies
to rework old mine tailings or to conduct open-pit mining operations. These operations
were conducted over some of the older underground mines and are similar to many
projects across the western United States (Bonham, 1981; Silberman, 1982). These
projects included the Standard Hill Project conducted by Billiton Minerals, USA and the
Cactus Gold Project conducted by Cactus Gold Mining Company.

Numerous geological and geochemical data were utilized by Golden Queen staff to
construct cross-section diagrams of the Soledad Mountain Project. These data included

geochemical analysis of drill hole, subsurface workings, and surface rock samples. These

data indicate that approximately 60 to 70 million tons of ore with a gold-equivalent |
concentration of 0.030 oz/ton and a cut-off grade of 0.008 oz/ton remain as a proven "
reserve and resource base for gold at the Soledad Mountain Project. With a heap leach

recovery of 80 percent of mined ore placed on the heap leach pad, a total of approximately
1.45 million ounces of gold are estimated to be recoverable at the Soledad Mountain

Project.

3.2 Gold Mining Districts in Area of Investigation

Published reports and publicly available literature describing the known gold districts that

are present within the Area of Investigation were reviewed. The geology, mineralization
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systems, known past producing mines and their gold production, and land status were
evaluated for each of the districts investigated. A discussion of each district was made

that outlined known recent exploration activity.

Each gold mining district is plotted on Exhibit 2. There are four distinct geomorphic
provinces within the area of investigation: Sierra Nevada Province; Basin and Range
Province; Mojave Desert Province; and Transverse Range Province. Each of these
provinces has different geologic structure elements and stratigraphy. Each of the
provinces has mineralized areas within it where base and precious metals have been
produced. A tabulation of significant historical events of gold mining in California is

presented as Table 1.

Production records for the mining districts are generally incomplete or nonexistent. Many
of the older references would record only the dollar amount of gold produced and not
volume, which would have been reported in ounces. WZI staff utilized the old price
standard for an ounce of gold of $20.67/ounce to convert the reported dollar amount of
production to ounces for production reported until 1832. Between 1932 and 1968, the
conversion price of gold was estimated to be $35.00/ounce. No price conversion was
required after 1968 for reported gold production because most production was reported

in ounces.

Many of the mining districts within the area of investigation were indicated to have
produced gold from lode or placer mines but had no dollar amounts or volumes of goid
reported. Where no specific gold production was identified, WZ! staff assigned an inferred
production base for volume of gold produced in ounces. This inference of gold produced
from these districts is based on geological similarities and known gold production from
other districts with similar geology and mineralization. WZ! staff also estimated remaining
reserve or resource potential available for several of the mining districts where past

exploratory drilling data was made available for review.
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A brief summary of each mining district is presented within Table 2. The mines within the

four provinces are described below:
3.2.1 Sierra Nevada Geomorphic Province

The Sierra Nevada mountain range is the main source of the state of California past goid
production and contains the greatest number of small-size mining districts of all the
provinces. The main rock type of the Sierra Nevada is a large batholith of Mesozoic
granodiorite and related rocks that have intruded into metamorphic rocks of Paleozoic and
Mesozoic age (Jennings, 1977). The large batholith is approximately 400 miles long in the
north-south dimension and 85 miles wide in the east-west dimension. The Mariposa
Formation (Upper Jurassic) and the Kernville Series (Jurassic or older) of the southemn
Sierra Nevada contain slates, schists, phyllites, and quartzites which are present in many
of the mining districts (Clark, 1970).

In addition to the main Sierra Nevada granodiorite batholith, there are numerous smaller
intrusions of basic and ultra-basic rocks, many of which are serpentinized (Jennings,
1977). The serpentine bodies apparently have been structurailly important in the
Iocalizatién of gold bearing deposits in some of the mining districts and often are parallel
to or occur within the belts of gold mineralization (Clark, 1970). Also, there are numerous
dioritic and aplitic dikes that are closely associated with gold bearing veins.

3.2.1.1 Clear Creek Mining District (Kemn County, Exhibit 2, Location #1)

Location and History

The Clear Creek or Havilah District is located in east-central Kern County, about 26 miles
east-northeast of Bakersfield and five miles south of Bodfish. It is iocated in an large area
that includes Red Mountain and Walker Basin. This district is also considered a tungsten
district (Dibblee and Chesterman, 1958).
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Gold was discovered in Clear Creek in 1863 or 1864 and by 1865 the town of Havilah was
established (Brown, 1916). Mining activity in the area declined during the 1880's, but has
been reported to have been intermittently active for many years (Tucker and Sampson,
1933).

Geology

The Clear Creek District and surrounding area is underiain by Mesozoic age quartz diorite
with roof pendants of Paleozoic metasediments present in the north and south portions of
the district (Jennings, 1977). An intrusive body of gabbro is present to the northeast. The
gold deposits are reported to be mostly confined to the quartz diorite intrusive body located
west of Havilah and in the Walker Basin (Troxel and Morton, 1962). These ore bodies
reportedly consist of quartz veins up to six feet thick and contain free gold and varying

amounts of sulfides (Tucker and Sampson, 1933).

Mines and Gold Production

Mines located in the Clear Creek District include: Friday; Jackpot; Joe Walker ($600,000
or more of gold produced); Porter; Rand group ($125,000 of reported gold production);
Rochfort: Southem Cross; Washington. It is estimated that approximately 35,000 ounces

of gold were produced from this district.

Recent Exploration Activity
No recent exploration activity is known to have occurred. This area is within lands

administered by the U.S. Forest Service and may have significant mineral exploration

and/or development restrictions.
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3.2.1.2 Cove Mining District (Kern County, Exhibit 2, Location #2)

Location and History

The Cove District is located in the northeastern portion of Kemn County, between the towns
of Kemnville and Isabella, on the west side of the Lake Isabella Reservoir. The upper Kern
River here was reportedly mined for gold in placer occurrences during the 1850's (Miller
and Webb, 1940). The Big Blue vein was discovered in 1860 (Crawford, 1893), and a
significant period of mining activity followed during the 1870's and early 1880's. The mines
were worked intermittently from the 1880's through the 1930's with the Big Blue group
reported as having beeh operated on a large scale from 1934 until 1943 (Troxel and
Morton, 1962). Since 1943 there has been only minor activity reported in the district.

Geology

The Cove Mining District is underiain primarily by Mesozoic granodiorite (Jennings, 1977).
East and south of the district outcrops of schist, phylite, quartzite and marble of the pre-
Cretaceous Kemville Series are present. Aplite dikes are reportedly often associated with
the gold-bearing veins (Clark, 1970).

The ore deposits consist of extensive vein systems, with some being reported as much as
150 feet wide. These vein systems are reported to occur within shear zones in the
granodiorite (Prout, 1940). The ore reportedly consists of quartz with finely disseminated
free gold, arsenopyrite, pyrite, chalcopyrite and galena. The milling ore grade was
reported as averaging 0.1 to 0.33 oz/ton of gold with some localized higher grade streaks
(Troxel and Morton, 1962). The veins have been reportedly mined to depths of about 500

feet. There are two main vein systems: the Big Blue-Sumner and the Lady Belle groups.
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Mines and Gold Production

The mines in the Cove Mining District included the Big Blue Group, the Big Blue-Sumner
Group and the Lady Belle Group. The district has an estimated past gold production
valued at 38 million. It is estimated that approximately 387,034 ounces of gold were
produced from this district.

Recent Exploration Activity

No recent exploration activity is known to have occurred. This area is within lands
administered by the U.S. Forest Service and may have significant mineral exploration
and/or development restrictions.

3.2.1.3 Erskine Creek District (Kemn County, Exhibit 2, Location #3)

Location and History

The Erskine Creek District is located in Kern County, approximately 38 miles northeast
of Bakersfield and south of Lake Isabella Reservoir. The district forms an area
approximately five miles long and two miles wide and also includes the mining area known
as the Pioneer District. Antimony and gold deposits were productive in the early 1890's

and intermittently afterward (Tucker and Sampson, 1933).

Geology

Two northwest-trending roof pendants of pre-Cretaceous metamorphic rocks are
surrounded by Mesozoic granitic rock in this district (Jennings, 1977). The ore deposits
reportedly consist of quartz veins containing free gold and varying amounts of sulfides.
Gold and varying amounts of silver, antimony, tungsten, copper and uranium have been
produced from the Erskine Creek District (Troxel and Morton, 1962).
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Mines and Goid Production

The principal sources of gold in the district has been reported to have been the Glen Olive
Mine, which reportedly yielded $500,000 of gold and the Iconoclast Mine (Tucker and
Sampson, 1933). Other properties include the Golden Bell, Laurel, Valley View, Faust and
King Solomon Mines (Clark, 1970). It is estimated this district has produced 24,189

ounces of goid.

Recent Exploration Activity

No recent exploration activity is known to have occurred. This area is adjacent to lands
administered by the U.S. Forest Service and may have significant mineral exploration

and/or development restrictions.

3.2.1.4 Greenhorn Mountains District (Kern County, Exhibit 2, Location #4)

Location and History

The Greenhorn Mountains District is located in Kern County about 28 miles northeast of
Bakersfield. The initial reported discovery of gold was made in Greenhorn Creek in 1851
by a member of the John Fremont expedition (Brown, 1916). A gold rush soon followed
and the town of Petersburg was established. Gold mining activity declined before 1890.
Since 1890 there has been minor prospecting reported in the district. Most of the gold

output has been from lode deposits (Brown, 1916).

Geology

The Greenhorn Mountains District is underiain by quartz diorite (Troxel and Morton, 1962).
Several roof pendants that are comprised of Mesozoic or Paleozoic age metamorphic

rocks and pegmatite dikes are also present (Jennings, 1977).
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Mines and Gold Production

The chief placer gold deposits were in Greenhorn, Fremont, Bradshaw, and Black Guich
Creeks (Brown, 1916). Numerous small, poorly-mineralized quartz veins are present in
the district. Most of these quartz veins are located a few miles east of David Guard Station
(Troxel and Morton, 1962). The gold is reported to be present in a free state and there
is very little sulfide mineralization. An unknown volume of gold was produced from this
district. Based on similar geological environments, it is estimated that approximately 1,000

to 5,000 ounces of gold was produced from the district.

Recent Exploration Activity

No recent exploration activity is known to have occurred. This area is adjacent to lands
administered by the U.S. Forest Service and may have significant mineral exploration

and/or development restrictions.

3.2.1.5 Jawbone Canyon District (Kern County, Exhibit 2, Location #5)

Location and History

The Jawbone Canyon district encompasses an area beh)veen Emeraid Mountain and the
El Paso Mountains, north of the Garlock Fault. The district is centered about 14 miles
north of the town of Mojave. Placer gold deposits were reportedly discovered in this
district in approximately 1900 (Troxel and Morton, 1962). Lode gold deposits were
reportedly developed at several mines including the Skyline and San Antonio during the
late 1930's (Tucker and Sampson, 1940).

Geology

The Jawbone Canyon-Butterbread Peak area is underfain by Cretaceous granitic rocks

containing minor roof pendants of Mesozoic metasediments (Jennings, 1977). Tertiary
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sediments and interbedded volcanic rocks unconformably overlie the granitic rocks in
places. These sediments, as well as the granitic rocks, are intruded by Tertiary age
rhyolite dikes and plugs that are believed to be of the same age as those in the nearby
Mojave District (Miocene) (Troxel and Morton, 1962). A variety of mineral deposits occur
in the district, including gold, antimony, clay and mercury. Most of the gold occurrences
worked in the past consisted of west- to northwest-trending narrow, gold-bearing quartz
stringers cutting the Cretaceous quartz monzonite. Many of the quartz stringers are often
associated with rhyolite dikes. At the Hub Mine, however, a gold-bearing quartz vein cuts
altered rhyolite on the west side of the district. In addition, some of the rhyolite bodies are
widely altered to clay minerals, and cinnabar has reportedly been recogmzed in at least
one rhyolite body (Troxel and Norton, 1962).

Mines and Gold Produced

The mines that were reported to be in this district included: Hub, Skyline, and San Antonio.
No published gold production value or volume was reported for this district. It is estimated
that the total volume of gold produced from this district was 1,000 to 5,000 cunces based

on similar geological environments and known past production from other mining districts.

Recent Exploration Activity

It appears that some limited exploration for precious metals has occurred in this district in
the past ten years. No announced discovery of an ore body has been made within this
district.

3.2.1.6 Kemn River District (Kern County, Exhibit 2, Location #6)

Location and History

The Kern River District is located in the upper Kern River, between Bakersfield and

Bodfish. This district was the scene of a rush soon after the discovery of gold at
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Greenhorn Creek in 1851 (Tucker and Sampson, 1993). Not much is known about the
early deposits but the majority are believed to have been worked out in a short time. Many
lode-gold prospects are in the area, but the only one of any consequence is the Gem Mine

near Democrat Springs.

Geology

The Kern River District is underiain by Mesozoic quartz diorite and associated aplitic and
pegmatitic dikes, most of which trend north (Miller and Webb, 1940). Small roof pendants
of pre-Cretaceous metasediments are present within the granitic rocks. Moderate foliation
is common in the granitic rocks, especially near contacts with the roof pendants (Troxel
and Morton, 1962).

Mines and Gold Produced

The most important placer mine in the Kern River Canyon District was the Greenhorn
Caves Mine in Greenhorn Creek. This mine reported gold placer production valued at
$60,000 (Tucker and Sampson, 1933). The Gem Mine was a lode gold mine that was
located approximately one mile southwest of Democrat Springs. Reported production from
the Gem Mine was valued at $30,000 (Tucker and Sampson, 1933).

Past gold production in the district is estimated at approximately 1,000 to 5,000 ounces,
based on similar geological environments and known past production from other mining

districts.

Recent Exploration Activity

No recent exploration activity is known to have occurred.
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3.2.1.7 Keyesviile District (Kern County, Exhibit 2, Location #7)

Location and History

This district is in the southern Sierra Nevada in Kern County, about 32 miles northeast of
Bakersfield and two miles southwest of Isabella Dam. Gold was discovered here in 1852
and for a time this was the largest community in Kern County. The chief periods of mining
were the 1850's, 1860's, 1890's and 1908-15 (Tucker and Sampson, 1933). The area was
reportedly prospected during the 1930's, but little has been done here since, and

Keyesville has become a ghost town (Troxel and Morton, 1962).

Geology

The Keyesville District is underiain by Mesozoic age quartz diorite (Jennings, 1977). The
gold deposits occur in a northeast-trending belt about three miles long (Tucker, 1933).
The veins consist of narrow quartz stringers with fault gouge that contain free gold and
small amounts of pyrite, arsenopyrite and pyrrhotite (Tucker and Sampson, 1933). There
are some placer deposits, including one of possible Pleistocene age (Troxel and Morton,
1962).

Mines and Gold Production

The mines that have reported gold production in the district include: Bright Spot; High
Grade; Homestake; Keyes ($450,000); Keyesville; Keyesville Placer; Mammoth,
($500,000); Mooncastle; Nephi; Nob Hill; Opportunity; Sunrise; Virginia; Will Jean.
Approximately 45,960 ounces of gold were produced from this district.

Recent Exploration Activity

No recent exploration activity is known to have occurred.
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3.2.1.8 Long Tom District (Kern County, Exhibit 2, Location #8)

Location and History

The Long Tom District is located in the southern Sierra Nevada in central Kern County.
The district is approximately 23 miles northeast of Bakersfield and 10 miles south of
Woody. The lode occurrences of gold in the district were discovered in 1860 by
prospectors looking for the source of placer gold in nearby creeks (Brown, 1916; Tucker,
1923).

Geology

The Long Tom District is underlain by quartz diorite with small gabbroic inclusions
(Jennings, 1977). A number of fracture zones contain small, gold-bearing quartz stringers
with minor amounts of sulfides (Brown, 1916). The deposits reportedly do not extend to

depths of more than a few hundred feet (Troxel and Morton, 1962).

Mines and Gold Production

The principal mine in the District was the Long Tom Mine. This mine was reported as
having considerable activity during the 1880's and again from 1925 to 1939 (Troxel and
Morton, 1962). The Long Tom Mine had an estimated total output of gold valued at
$800,000 to $900,000 (Clark, 1970). Approximately 43,541 ounces of gold were produced

from this district.

Recent Exploration Activity

No recent exploration activity is known to have occurred.
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3.2.1.9 Loraine District (Kem County, Exhibit 2, Location #9)

Location and History

The Loraine District, also known as the Amalie District, is located in the southern Sierra
Nevada in central Kem County near the vicinity of the town of Paris-Loraine. The district
is about 35 miles east of Bakersfield and 12 miles north of Tehachapi and was first
prospected in the 1850's (Crawford, 1894; Brown, 1916). The principal period of mining
activity was from 1894 until around 1912 (Tucker and Sampson, 1933). The district was

active again in the 1920's and 1930's, and there has been intermittent prospecting since.

Geology

The Loraine District is underlain by a large roof pendant of slate and mica schist of the
Paleozoic age Kernville Series within the rock of the Sierra Nevada batholith comprised
of quartz diorite and granodiorite (Jennings, 1977). There are a number of quartz veins,
ranging from one to 10 feet in thickness, which reportedly contain free gold and abundant
sulfides (Tucker and Sampson, 1933). The veins reportedly occur in both the metamorphic
and granitic rocks.

Milling-grade ore reportedly commonly averaged more than 0.5 oz/ton of gold and 2.0
oz/ton of silver per ton (Troxel and Morton, 1962). Several ore shoots reportedly had
stope Iengths of up to 300 feet, and several veins were mined to depths of 600 feet or
more.

Mines and Gold Produced

The mines located in the Loraine District included: Amalie,($600,000); Barbarossa;
Cowboy ($600,000); Deerhunter; Ella; Ferris; Golden Cross; Golden Peak; New Deal;
Zenda, (34,000 ounces of gold or more). Approximately 92,055 ounces of gold were
produced from this district.
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Recent Exploration Activity

Exploration for precious metals has occurred in tﬁis district during the past ten years.
Companies reported to have been active in the Loraine District have included: Billliton
Minerals USA, Equinox Exploration and Claim Staker Resources. The Zenda Mine Project
has been reportedly evaluated by Claim Staker Resources and gold ore reserve /resource
estimates of approximately 920,000 tons of ore at an average grade of 0.057 oz/ton are
present. This volume of ore would represent approximately 100,000 ounces of

recoverable gold.
3.2.1.10 Piute Mountains District (Kern County, Exhibit 2, Location #10)

Location and History

The Piute Mountains are located in the southern Sierra Nevada mountain range and in
the east-central portion of Kern County near Claraville, about 14 miles southeast of
Bodfish. Gold was probably discovered here during the 1850's, but the principal periods
of mining were 1870 to 1900 and during the early 1930's and early 1940's (Tucker and
Sampson, 1933).

Geology

The Piute Mountains District is underlain primarily by Mesozoic granitic rocks (Jennings,
1977). In the northwest portion of the district, a roof pendant of Mesozoic metasediments
crop out. Most of the gold deposits are confined to a two-mile-wide belt that extends
northwest through the Claraville area in granitic rock and then north in the metamorphic
rocks (Troxel and Morton, 1962). The deposits consist primarily of gold-quartz veins in
shear zones. Some sulfides, in places, are reportedly present. Milling ore reportedly

averaged about 0.5 oz/ton of gold (Clark, 1970).

07330010.285 23



Mines and Gold Production

The mines that produced gold in the Piute Mountains District included: Amy, Blue Jay,
Bright Star ($600,000), Dearborn, Donnie, French, Gold Standard, Gwynne ($770,000),
Hénry Ford, Hilltop, Jeannette, Jeanette-Grant, Jerry, Little Joe, Lone Star, Mary Ellen,
Retreat, Shellenberger, Simon, Surprise (Troxel and Morton, 1962). Approximately 66,279
ounces of gold have been produced from this district.

Recent Exploration Activity

No recent exploration activity is known to have occurred.

3.2.1.11  Tehachapi District (Kern County, Exhibit 2, Location #11)

Location and History .

The Tehachapi District is located in the Tehachapi Mountains, about four miles south of
Tehachapi within the east-central portion of Kern County. Most of the gold production in
this district came from the Pine Tree Mine which was a lode mine. This mine was
reportedly active from 1876 to 1907.

Geology

The Tehachapi District is largely underiain by Cretaceous granitic rocks that are part of the
southern end of the Sierra Nevada batholith. Preserved within these plutonic rocks are
large roof pendants of probable Mesozoic age metasediments that are composed largely
of limestones and quartzites (Jennings, 1977; Dibblee and Louke, 1970). Irregular bodies
of Late Tertiary rhyolite locally intrude the granitic rocks (Troxel and Morton, 1962). The
district is largely known for its production of lime and portiand cement from the Paleozoic

age roof pendants containing limestone. Some gold has also been produced in the district .
from shallow dipping, gold-bearing quartz veins cutting the granitic rocks (Clark, 1970).
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Mines and Gold Produced

The largest gold-producing mine in the district was the Pine Tree Mine. Clark (1970)
reported that over $250,000 in goid was mined from shallow dipping (20° to 40°) quartz
veins in granitic rocks from the Pine Tree Mine. Maximum width of quartz veins is
reported to be about three feet, however, hanging wall and footwall of most veins are also
brecciated. Before 1910, mine workings consisted of at least five adits ranging in length
from 80 to about 800 feet. Several thousand feet of drifts and stoops extended from these
adits. Lower adit portals have been covered by dumps from upper portals. Gold was
reportedly free milling (Troxel and Morton, 1962). Approximately 12,094 ounces of gold

were produced from this district.

Recent Exploration Activity

No recent exploration activity is known to have occurred.

32.1.12 White River Mining District (Kern County, Exhibit 2, Location #12)

Location and History

The White River District is located in both southern Tulare and northern Kern Counties,
approximately 25 miles southeast of Porterville. Gold was discovered here in 1853. The
town was originally known as Tailholt, but the name was changed to White River in 1870
(Laizure, 1923). Mining continued until around 1906, and there has been minor activity
since. The district was estimated to have yielded a total of $750,000 worth of gold by 1914
(Tucker, 1919).

Geology

The White River District is underiain by Mesozoic granodiorite and small intrusive bodies

of gabbro and other basic rocks (Troxel and Morton, 1962). Small amounts of Paleozoic
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and/or Mesozoic schist and slate along with a few limestone roof pendants are present the
west (Jennings, 1977). A series of west-northwest-trending parallel quartz veins occur in
shear zones in the granodiorite. The ore reportedly contained free gold and small

amounts of pyrite (Troxel and Morton, 1962).

Mines and Gold Production

The mines located in the White River District include Bald Mountain ($200,00Q to
$300,000); Eclipse No. 2; Josephine; Last Chance; and Stencil. Approximately 36,284
ounces of gold were produced from this district.

Recent Exploration Activity

No recent exploration activity is known to have occurred.

3.3.2 Basin and Range Province Mining Districts

The Basin and Range Province of the Area of Investigation occupies Inyo, San Bernardino,
and portions of Kern Counties. The mountain ranges in this province lie east of the Sierra
Nevada Mountain Range and north of the Garlock Fault (Exhibit 2). The Basin and Range
Province is a region of roughly paraliel mountain ranges alternating with basins or low-
areas that are controlled by fault block structures. The province is underiain by granitic,
sedimentary rocks of Precambrian, Paleozoic and Mesozoic ages and in places by
Cenozoic sediments and volcanic rocks (Jennings, 1977). Gold is present as epithermal
deposits in silicified and brecciated zones in voicanic rocks or as mesothermal gold-quartz

veins in older metamorphic or granitic rocks (Clark. 1970).
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3.2.2.1 Argus District (Inyo County, Exhibit 2, Location #13)

Location and History

The Argus District is located in southemn Inyo County within the Argus Range about 10
miles north of Trona. This district has also been known as the Kelley or Sherman Mining
District. The mines here apparently were first worked in the 1890's, although gold may
have been discovered earlier (Norman and Stewart, 1951). Considerable mining activity
occurred during the early 1900's and again in the 1S30's, followed by intermittent

prospecting and development work until the present time (Clark, 1970).

Geology

The Argus District is underiain by crystalline rocks that range in composition from quartz
monzonite to gabbro (Jennings, 1977; Norman and Stewart, 1951). The ore deposits
reportedly occur either in quartz veins or in zones consisting of cemented, silicified breccia
containing jasper, quartz veinlets, calcite, and abundant iron oxide (Tucker, 1938). The
gold is reportedly usually in a very fine state and sulfides are present only in some of the

deposits.

Mines and Gold Production

Mines in the Argus District include Arondo ($200,000); Davenport; Mohawk; Ruth -
($700,000 or more); Star of the West; and Stockwell. Approximately 43,541 ounces of

gold were produced from this district.

Recent Exploration Activity

Recent exploration activity has occurred in the Argus District in the form of drilling by

Anaconda Mining Company and Queenstake Resources, Inc. to evaluate a disseminated
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ore bedy during the mid 1980's. No announced discovery of a commercial ore body has .

been made.

3.2.2.2 EIl Paso Mountains District (Kern County, Exhibit 2, Location #14)

Location and History

The El Paso Mountain District is located in northeastern Kern County, approximately .10
miles northwest and north of Randsburg. A series of dry placer workings are present
between the Redrock Canyon area on the southwest and the Summit area on the
northeast. The district also includes the areas known as the Goler, Garlock and Searles
Districts. Gold was reportedly discovered in Goler Canyon in 1893, and dry washing
camps soon sprang up at Last Chance, Red Rock, Jawbone Canyon and Summit Diggings
(Hulin, 1934). Mining activity reportedly declined by 1900, but a number of operations

were reactivated during the depression years of the 1930's, and since World War 1l, there

has been minor prospecting. In these dry placer deposits, the easily recoverable goid was
mined at one locality for a few months to up to a year or two (Tucker and others, 1949).

Geology

Auriferous sands and gravels occur in benches above the present canyons and on
bedrock in the washes and canyons themselves (Haley, 1923). Much of the gold appears
to have been derived from the erosion and reworking of the basal conglomerate of the
Ricardo formation (lower Pliocene), which is extensive in this region (Hulin, 1834). The
gold particles are round and show evidence of considerable abrasion. The gold is mostly
fine, although nuggets of up to several ounces have reportedly been recovered (Clark,
1970). Some narrow gold-quartz veins reportedly occur in granite and schist as lode

occurrences (Troxel and Morton, 1962).
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Mines and Gold Production

Mines in this district included the placer camps known as Last Chance; Red Rock;
Jawbone Canyon; and Summit Diggings. Lode gold mines with reported production
included the Garlock Mine (Troxel and Morton, 1962). No production records for gold
value or volumes were reported into the public record for this district. It is estimated that
approximately 1,000 to 10,000 ounces of gold were produced in this district based on
geology and gold occurrences similar to other mining districts with established gold

production.

Recent Exploration Activity

Recent exploration/development activity in this district has been reportedly limited to dry

placer occurrences. No announced discovery of a commercial ore body has been made.

3.2.2.4 Rademacher District (Kern County, Exhibit 2, Location #15)

Location

The Rademacher District is located in northeastern Kern County, approximately 15 miles
north of Randsburg and five miles south of Ridgecrest. The district was organized in the

1890's, and the most active period was in the early 1900's (Tucker and Sampson, 1833).

Geology

The Rademacher District is underlain by Mesozoic granitic rocks containing small roof
pendants of Paleozoic and/or Mesozoic metamorphic rock and is reportedly cut by
numerous dikes (Jennings, 1977; Troxel and Morton, 1962). Acidic dikes are most
common within the eastern portion of the district but become more basic in composition
to the west (Tucker and Sampson, 1933). A number of narrow, north-trending quartz veins

reportedly often cut the dikes. The ore reportedly contains free gold with varying amounts
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of sulfides and manganese oxide. Milling-ore has been reported to usually average 0.5
oz/ton of gold, and the ore shoots usually are narrow with short stope lengths (Troxel and
Morton, 1962).

Mines and Gold Production

Mines in the Rademacher District include: Apple Green; Bellflower; Broken Axle: Butte:
Crown Cons.; Gold Bug; Gold Pass; Hillside; Huntington; Indian Wells Valley; Jerry;
Lehigh Valley; Lost Keys; Northemn View; Prize; Rademacher; Red Wing; Stardust; Star
Lode; Steller group; Townsend; Vera Queens; White Star; Wildcat; and Yellow Treasure.
No preduction records for gold value or volumes were reported in the public data reviewed
for this district. Approximately 1,000 to 10,000 ounces of gold were produced in this
district based on geology and gold occurrences similar to other mining districts with

established gold production.

Recent Exgloraﬁon Activity

No recent exploration or development activity is known to have occurred in this district.

3.2.2.5 Slate Range District (Kern County, Exhibit 2, Location #16)

Location and History

The Slate Range District is located in northwestern San Bemnardino and southemn Inyo
Counties. This district has also been known as the Arondo District. Gold occurs in
several places in the Slate Mountains, the principal source apparently having been the
Hafford Mine (Degroot, 1820).
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Geology

The Slate Range District is underiain by Cretaceous granite and Mesozoic schist (Smith
and others, 1968). The gold deposits reportedly consist of narrow quartz veins that
contain small but rich goid- and silver-bearing pockets (Tucker and Sampson, 1943). In

places, sulfides have been reportedly quite abundant.

Mines and Gold Production

The principal mine in the Slate Range District was reported to have been the Hafford Mine
(Tucker and Sampson, 1943). No production records for gold value or volumes were
reported in the public data reviewed for this district. Approximately 1,000 to 5,000 ounces
of gold were produced in this district based on geclogy and gold occurrences similar to

other mining districts with established gold production.

Recent Exploration Activity

No recent exploration or development activity is known to have occurred in this district.
3.2.2.6 Spangler District (Kemn County, Exhibit 2, Location #17)

Location and History

The Spangler District is located within the Spangler Hills of northwestern San Bernardino
County, about 10 miles northeast of Johannesburg. Most of the reported gold production
has been from the Spangler Mine, which has been intermittently prospected and
developed since the 1890's (Wright and others, 1953).
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Geology
The Spangler District is underiain by Mesozoic granitic rocks (Jennings and others, 1962).
A number of narrow, west-striking gold-quartz veins traverse the granitic rock. Some of

the ore reportedly contained more than 1.0 oz/ton of gold (Wright and others, 1953)

Mines and Gold Production

The mines in the Spangler District include Spangler Mine; Stephens Holding Mine; and
Saint Elmo Mine. No production records for gold value or volumes were reported in the
public record for this district. Approximately 1,000 to 5,000 ounces of gold were produced
in this district based on geology and gold occurrences similar to other mining districts with
established gold production. ‘

Recent Exploration Activity

No recent exploration or development activity is known to have occurred in this district.
3.2.3 Mojave Desert Province Mining Districts

Gold deposits are widely distributed throughout the Mojave Desert Province of southemn
California. The Mojave Desert is a broad interior region of mountain ranges separated by
expanses of desert plains. The western portion of the province is triangular-shaped and
bounded on the north by the extreme southermn portion of the Sierra Nevada Mountain
Range and on the south by the Transverse Range. The primary gold deposits of this
province consist of mesothermal gold-quartz veins that occur in metamorphic and granitic
rocks of Precambrian, Paleozoic, and Mesozoic ages or epithermal deposits in zones of

solidification and brecciation in volcanic rocks of Tertiary age.

The largest sources of gold in this province have been the Randsburg and Mojave-

Rosamond Districts located in Kemn County. Placer gold has been recovered in quantity

07330010.285 32




in many of the districts, considerable amounts having come from dry placers. The most
productive dry placers known to have produced gold within the area of investigation have
been in the Randsburg District.

3.2.3.1 Alvord District (San Bernardino County, Exhibit 2, Location # 18)

Location and History

The Alvord District is located in central San Bernardino County about 35 miles northeast
of Daggett and is named for the Alvord Mine, the chief producer in the district. Gold was
reportedly discovered here in 1885, and the Alvord Mine has been intermittently worked
ever since (Clark, 1970).

Geology

The Alvord District is undertain by Mesozoic granite and Paleozoic carbonate rocks (Byers,
1960). Late Tertiary volcanic rocks are also present (Wright and others, 1933). Siliceous
veins at the Alvord Mine contains jasper, calcite, hematite, pyrite, limonite, and free gold.
Minor copper mineralization is reportedly present. Ore mined in the past reportedly
yielded 0.5 oz/ton of gold (Clark, 1970).

Mines and Gold Production

The mine which produced gold in the Alvord District was known as the Alvord Mine. No
production records for goid value or volumes were reported into the public record for this
district. Approximately 5,000 to 20,000 ounces of gold were produced in this district based
on geology and gold occurrences similar to other mining districts with established gold

production.
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Recent Exploration Activity

No recent exploration or development activity is known to have occurred in this district.

3.2.3.2 Coolgardie District (San Bernardino County, Exhibit 2, Location #19)

Location and History

The Coolgardie District is a dry-placer mining district located in western San Bernardino
County, about 15 miles northwest of Barstow. The area was reportedly mined
intermittently from around 1900 to 1915 (Cloudman and others, 1919), with a total output
valued at about $100,000 (Wright and others, 1953).

Geology

The Coolgardie District is underlain primarily by Mesozoic granitic rock with localized basic
intrusives (Jennings, 1977). The placer deposits are contained within Quaternary alluvium
that is in the axis of a broad valley. The gold apparently was derived from veins in granitic
rocks that are located to the east and northeast of the district (Laizure, 1934).

Mines and Gold Production

The principal mining operator in the Coolgardie District was the Cool Gardie Mining
Company, which operated a battery of gasoline-powered dry washers (Clark, 1970).
Several two-man operations reportedly employed single dry washers or rockers. Minor
prospecting was reportedly done in the district during the 1920's and 1930's (Hulin, 1934).
A total of 4,837 ounces of gold were produced from this district.

Recent Exploration Activity

No recent exploration or development activity is known to have occurred in this district.
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3.23.3 Emerson Lake District (San Bernardino County, Exhibit 2, Location #20)

Location and History

The Emerson Lake District is located in southern San Bernardino County, approximately

25 miles northwest of Twentynine Paims.

Geology

The Emerson Lake District is underiain by Mesozoic quartz monzonitic rocks that have
been intruded by basic (gabbro) bodies (Jennings, 1977; Dibblee, 1967b). The gold has
reportedly been found in parallel veins in small pendants of gneiss and granitic rock as
high-grade pockets near the surface (Tucker an Sampson, 1940). Several high-grade
pockets of wire-gold have reportedly been found in this district.

Mines and Gold Production

The mines in the Emerson Lake District include Emerson and Los Padre. No confirmed
amount of gold production was reported for these mines. No production records for goid
value or volumes were reported in the public record for this district. Approximately 1,000
to 10,000 ounces of goid were produced in this district based on geology and gold

occurrences similar to other mining districts with established gold production.

Recent Exploration Activity

No recent exploration or development activity is known to have occurred in this district.
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3.2.3.4 Fremont Peak District (San Bernardino County, Exhibit 2, Location #21)

Location and History

The Fremont Peak District is located about 18 miles southeast of the Randsburg District

within San Bernardino County.

Geology

The Fremont Peak District is underlain by Precambrian gneiss that has been intruded by
Cretaceous granitic rocks (Jennings, 1977; Dibblee, 1968). Rhyolitic dikes probably
related to the Opal Mountain Volcanics intrude the older rocks and are associated with
many of the gold occurrences in the district. Gold reportedly occurs along with pyrite and
arsenopyrite in a series of parallel quartz veins (one to four feet wide) and also along the
contacts of rhyolite dikes and the granitic basement rocks (Wright and others, 1953).
Placer gold also occurs in this district bqt has not been worked because of the lack of
water (Dibblee, 1968). |

Mines and Gold Production

Among the several prospects, only one mine has any recorded produétion in the district,
the Fremont Peak Mine, also known as the Gateway Mine. The Fremont Peak Mine
contained over 3,200 feet of underground workings and has had an unknowh amount of
gold production. Gold mineralization is also reported to occur along fractured, iron-stained
rhyolite dikes containing quartz stringers at some of the prospects with no reported past
production (Wright and others, 1953; Dibblee, 1968). No confirmed amount of gold
production was reported for these mines. No production records for goid value or volumes
were reported into the public record for this district. Approximately 10,000 to 25,000
ounces or more of gold were produced in this district based on geology and gold

occurrences similar to other mining districts with established gold production.
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Recent Exploration Activity

No recent exploration or development activity is known to have occurred in this district.

3.2.3.5 Goldstone District (San Bernardino County, Exhibit 2, Location #22)

Location and History

The Goldstone District is located in northwestern San Bernardino County, approximately
35 miles north of Barstow, in what is now part of the U.S. Navai Ordnance Test Station,
Mojave Range. The Goldstone District was active in 1915 to 1818, in the 1920's, and
again just before World War Il (Cloudman and others, 191S; Wright and others, 19353).

Geology

The Goldstone District is underlain by Mesozoic granitic rock and large pendants of
Paleozoic carbonates and siliceous shales (Jennings, 1977; Miller and Sutter, 1982).
Numerous diorite dikes cut these rocks and several shallow, gold-bearing quartz veins
have been discovered (Koschmann and Bergendahi, 1968). Copper and silver

occurrences have also been reported to be present (Cloudman and others, 1919).

Mines and Gold Production

Although several mines are reported to have been present in this district no names couid
be found. No confirmed amount of gold production was reported for these mines. No
production records for gold value or volumes were reported into the public record for this
district. Approximately 10,000 to 20,000 ounces of gold were produced in this district
based on geclogy and gold occurrences similar to other mining districts with established

gold production.
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Recent Exploration Activity

Recent exploration activity has occurred in the Goldstone District in the form of drilling by
Goldfields Mining Corporation to evaluate a disseminated ore body. No announced
discovery of a commercial ore body has been made. Since then, the U.S. Government
has removed this mining district from public entry and it is now part of the Fort Irwin military

reservation.

3.2.3.6 Grapevine District (San Bernardino County, Exhibit 2, Location #23)

Location and History

The Grapevine District is located within the Paradise Mountains of San Bernardino County
approximately 15 miles north of Barstow. There are several small lode-gold mines,
prospects and dry piacer deposits in this area (Clark, 1970).

Geology

The Grapevine District is underiain by Mesozoic granitic rock that has been intruded by
Miocene andesitic volcanics and Tertiary hypabyssal intrusive bodies (Jennings, 1977).
Gold has reportedly been produced from quartz veins that contained free gold. A number
of the quartz veins also reportedly contained copper and manganese minerals. The veins

are narrow and the deposits are shailow.
Mines and Gold Production

The Olympus Mine was the only property that has had much development work. An
unknown volume of gold was produced from this mine (Wright and others, 1953). No
production records for gold value or volumes were reported into the public record for this

district. Approximately 1,000 to 5,000 ounces of gold were produced in this district based
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on geoiogy and gold occurrences similar to other mining districts with established gold

production.

Recent Exploration Activity

No recent exploration or development activity is known to have occurred in this district.

3.2.3.7 Kramer Hills District (San Bernardino County, Exhibit 2, Location #24)

Location and History

The Kramer Hills District is located about eight miles southeast of Kramer Junction in

western San Bernardino County.

Geology

The Kramer Hills consists of a group of a rolling hills that are pedimented surfaces that
contain a variety of exposed rock types. Cretaceous granitic rocks, which have intruded
Mesozoic metamorphic rocks of probable Sidewinder Series equivalent, are the most
common rocks cropping out in the district (Wright and others, 1953). Dikes and irregular
bodies of rhyodacite to rhyolite intrude these oider rocks. Tertiary tuffaceous sediments
that were deposited in the Kramer Basin are exposed in the northem and southern portions
of the Kramer Hills (Siefke, 1980).

Mines and Gold Production

No known gold production had occurred from the Kramer Hiils District until the 1980's
when a small heap leach gold recovery operation was placed oniine by Beaver Resources.
Numerous small pits and adits are present in this district that are typically a maximum of

only several tens of feet deep and are largely caved at present. Rocks exposed on dumps
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and at several portals appear to consist of highly pyritized and iron oxide-stained

metamorphic rocks that are probably Sidewinder Series equivalent.

No production records for gold value or volumes were reported into the public record for
this district prior to the 1980's. Pre-1980 gold production is estiméted to have been
approximately 1,000 to 5,000 ounces based on geology and gold occurrences similar to
other mining districts with established gold production. In 1987, Beaver Resources placed
a small heap-leach gold recovery pad into operation. This operation remained in place
until about 1989 and appears to have produced approximately 5,000 to 20,000 ounces of
gold. Based on these estimates, it is concluded that approximately 6,000 to 25,000
ounces of gold have been produced from this district.

Recent Exploration Activity

Recent exploration activity has occurred in the Kramer Hills District in the form of drilling.
Amselco Minerals and Phillips 66 Mining Company evaluated a disseminated gold ore
body within this district. No announced discovery of a commercial ore body has been
made. Approximately 20,000 ounces of gold resource base is present in this district based
on known geology and established gold production from mining districts with similar

conditions.

3.2.3.8 Mojave-Rosamond District (Kern County, Exhibit 2, Location #25)

Location and History

The Mojave-Rosamond District is located in southeastern Kern County, between the towns
of Mojave and Rosamond. The gold deposits are associated with the five prominent buttes
south of the town of Mojave and west and north of the town of Rosamond. Gold was
discovered in the Yellow Rover vein on Standard Hill in 1894, and soon afterward, other
discoveries were made (Bateson, 1807; Brown, 1916). Activity continued until about 1910,
but waned over the next 20 years (Troxel and Morton, 1962). The Cactus Gold Mine was
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discovered in 1934, and from 1931 until 1941, mining was done in the district on a major
scale. The mines were shut down during World War ll. The district is estimated to have
had a total gold and silver output valued at $23 million (Troxel and Morton, 1962).

Geology

The principal rocks within the Mojave-Rosamond District are Tertiary rhyaclite, rhyolite
porphyry and quartz latite, which are underiain by Mesozoic quartz monzonite (Jennings,
1977: Dibblee, 1963, 196732, 1980). All of the gold deposits are associated with the five
topographic prominences, the most important of which, both in productivity and in the
number of deposits, is Soledad Mountain (Perez, 1978). The gold ore reportedly occurs
in epithermal fissure veins that occupy brecciated and sheared zones in the voicanic
rocks. The ore contains finely divided gold, with appreciable amounts of silver minerals,
including cerargyrite, argentite, and smaller amounts of pyrargyrite and electrum. Pyrite,
arsenopyrite, galena and chalcopyrite also are present. The ore shoots range from a few
feet to 40 feet in thickness, and are up to 200 feet long (Tucker and others, 1949a). The
veins have reportedly been developed to depths of 1,000 feet. Milling ore is reported to
have usually averaged about 0.3 oz/ton of gold, but some very rich ore shoots were
worked in the eariier mining operations (Troxel and Morton, 1962; Brown, 1916; Tucker,
1935).

Mines and Gold Production

Mines in this district include: Burton-Brite-Blank; Cactus Gold ($5 million+); Double Eagle;
Crescent; Elephant ($200,000 to $400,000); Excelsior; Golden Queen (includes Echo and
Gray Edge, Queen Ester and Silver Queen) (310 million+); Middle Butte ($150,000+);
Milwaukee: Pride of Mojave; Quien Sabe; Standard group (Desert Queen, Exposed
Treasure and Yellow Rover) ($3.5 million); Tropico (114,000 ounces); Wegman group
(Eureka, Karma and Monarch) (100,000 ounces or more); Western; Whitmore; Winkler;

and Yellow Dog (5,800+ ounces).
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Based on pubiished gold volume and price data, it is estimated that approximately 1.046
million ounces of gold was produced prior to 1970. During the 1980's two of the previous
gold mines the Standard Hill Mine and the Cactus Gold Mine were reactivated as large
tonnage, disseminated gold projects. The Standard Hill Mine was reactivated by Billiton
Minerals USA and reportedly produced 115,000 ounces of gold from an open pit that
mined the former underground workings from 1987 to 1994. The Cactus Gold Mine was
reactivated during the late 1980's in a similar fashion and reportedly recovered

approximately 200,000 ounces of gold from 1986 to 1994.

Golden Queen Mining Company, Inc. has announced gold reserves and resources of
approximately 2.3 miilion ounces for the Soledad Mountain Project. It is estimated that the
remaining potential for the Mojave-Rosamond District, except for the Soledad Mountain
Project, is approximately 25,000 ounces. Total recorded production and estimated

reserves for the Mojave-Rosamond District amount to 2.486 million ounces of gold.

Recent Exploration Activity

Exploration activity is underway at Cactus Gold and no announcements have been made.

3.2.3.9 Ord District (San Bernardino County, Exhibit 2, Location #26)

Location and History

The Ord district is located in the Ord and Newberry Mountains, approximately 20 miles
southeast of the city of Barstow. The district was organized around 1870, and intermittent
development work continued for many years after (Clark, 1970; Cloudman and others,
1919). There was some intermittent activity in the district during the 1930's. Although the
district is reported to have been a small gold producer, there are many mines and

prospects.
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Geology

The region is underiain by granite and quartz monzonite and a variety of Tertiary volcanic
rocks that include basalt, andesite and rhyolite (Weber, 1863; Dibblee, 1964b). The gold-
quartz veins are reportedly confined to the granitic rocks and often are associated with
dikes. The ore bodiés contain abundant sulfides and iron oxide (Wright and others, 1953).
Appreciable amounts of copper and siiver minerals are reportedly present in places.
There are reportedly a few gold-bearing placer deposits located in this district (Tucker,
1940).

Mines and Gold Production

The mines reported in this district include: Alarm; Azucar; Black Butte; Camp Rock
(placer); Cumberiand; Elsie; Gold Banner; Gold Belt; Gold Brick; Gold Peak; Grandview;
Haney and Lee; Hoover; Johnson; Lucky Strike; New Deal; Old; Ord Belt; Red Hill; and
Riley. An unknown volume of gold was produced from these mines (Wright and others,
1953). No production records for gold value or volumes were reported into the public
record for this district. Approximately 1,000 to 10,000 ounces of gold were produced in
this district based on geology and gold occurrences similar to other mining districts with

established gold production.

Recent Exploration Activity

Recent precious metals exploration has reportedly occurred in this district to evaluate a
possible porphyry copper occurrence that may be gold-bearing. Bear Creek Mining, Duvall
Corporation, and Cypress Mining Company have each conducted exploration drilling
campaigns in the Ord District over the last 25 years. No announced ore reserves or

discovery have been announced by any of these companies.

No recent development activity within the last 10 years is known to have occurred in this

district.
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3.2.3.10  Oro Grande District (San Bernardino County, Exhibit 2, Location #27)
Location

The Oro Grande District is located in the vicinity of the town of Oro Grande approximately
five miles north of Victorville. The gold mines in this district were active during the 1880's,
early 1800's and again in the 1930's (Clark, 1970). Large amounts of cement are

produced here now.

Geology

The Oro Grande District is underiain by schist, quartzite and limestone of the Oro Grande
series (Carboniferous); dacite, rhyolite and latite of the Sidewinder volcanic series
(Triassic); and Cretaceous quartz monzonite (Jennings, 1977; Bowen and VerPlanck,
1965). The quartz veins are narrow, and the ore bodies usually are generally small and
iregular shaped. Most of the ore has come from the oxidized zone near the surface, but
a few high-grade pockets have been found in the veins. The ore contains free gold and
often abundant sulfides, including pyrite, chalcopyrite, sphalerite and bornite. The
Carbonate Mine has yielded appreciable amounts of gold- and silver-bearing lead
carbonate (Wright and others, 1953).

Mines and Gold Production

The mines in this district include: Apex; Branch; Carbonate; Dents Grandview Lode; Gold
Bullion; Gold King; Oro Grande | and II; Sidewinder; and Western. An unknown volume
of gold was produced from these mines (Wright and others, 1953). Approximately 1,000
to 5,000 ounces of gold were produced in this district based on geology and goid

occurrences similar to other mining districts with established gold production.
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Recent Exploration Activity

No recent exploration or development activity within the last 10 years is known to have

occurred in this district.

3.2.3.11 Randsburg District (Kern and San Bernardino County, Exhibit 2,
Location #28)

Location and History

The Rand or Randsburg District straddles the Kem-San Bernardino County line in the
immediate vicinity of the town of Randsburg, about 40 miles northeast of Mojave. The
westemn part of the district is located in Kerm County and has been chiefly a source of goid
(Troxel and Morton, 1962). The eastern part of the district is located in San Bernardino

County and, has been largely a source of silver (Wright and others, 1953).

Although this region was prospected as early as the 1860's, it was not until placer gold
was discovered in 1893 in Goler Wash, in the El Paso Mountains 15 miles to the west, that
there was any mineral production (Newman, 1923). Numerous short-lived dry-washing
campé soon sprang up over the entire region. The Yellow Aster Mine, originally known as
the Olympus, was located in 1895 (Cooper, 1836). Other gold discoveries were made in
the district, and the rich ore recovered in these early operations led to a gold rush (Hess,
1909). The district was named for the Rand District in South Africa.

Large-scale gold mining continued until 1918. The famous and highly productive Kelly or
California Rand Silver Mine was discovered in 1919 and was operated on a major scale
through the 1930's (Troxel and Morton, 1962). Gold production from the district was
substantial in the 1930's and early 1940's. Since that time there has been ongoing

prospecting development work.
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Geology

The principal rocks underlying the Randsburg District are the Precambrian Rand Schist
and the Atolia Quartz Monzonite of Mesozoic age (Hulin, 1925; Jennings, 1977). The
Rand Schist is chiefly biotite schist with smaller amounts of amphibolite and quartzite. To
the east are poorly consolidated clays, sandstones and conglomerates of continental
origin, which are overlain by andesite at Red Mountain. Rhyolite and latite intrusives are

present in the east-central part of the district.

Most of the lode-gold deposits are in veins that occur along faults, except at the Yellow
Aster Mine, where the gold is in a series of closely spaced veinlets in small fractures
(Troxe! and Morton, 1962). The majority of the gold deposits are in the schist, which is
more widespread than the quartz monzonite (Jennings, 1977). The veins are unoriented,

but usually have a well-defined hanging wall.

The ore bodies most commonly occur in the vein footwalls, usually at or near vein
intersections or in sheared and brecciated zones. The ore reportedly consists of iron
oxide-stained brecciated and silicified rock containing native gold in fine grains and
varying amounts of sulfides. The sulfides increase with depth, but the goid values
decrease. Most mining has stopped where unoxidized sulfides were found in the veins,

and the maximum depth of development is 600 feet.

Milling ore reportedly contained from 0.15 to 0.25 ozfton of gold (Troxel and Morton, 1962).
The high-grade ore nearly always occurred in pockets near the surface. Most of the placer
gold has been recovered from dry placers at Stringer or in the Rand Mountains north of

Randsburg.

Mines and Gold Production

The mines in the Randsburg District included: Arizona; Baltic,($50,000); Barmett; Beehive;

Big Dike ($200,000); Big Gold ($500,000); Black Hawk ($700,000); Buckboard ($500,000);
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Builly Boy (3120,000); Butte ($2 million); California; Consolidate ($50,000); Culbert; Gold
Crown; Granton; Gunderson; Hawkeye; Hercules; King Solomon ($500,000); Little Butte
($400,000); Lucky Boy ($120,000); Merced; Minnehaha ($100,000); Mizpah Montang;
Monarch Rand; New Deal; Operator Divide (3600,000); Pestle; Pinemore; Red Bird; Santa
Ana group ($400,000); Sidney ($250,000); Snowbird; Sunshine ($1.06 million); Windy;

Winnie; and Yellow Aster ($12 million).

Glamis Gold Ltd. continues to operate a large heap-leach mine as the Rand Mining
Company at the Yellow Aster heap leach which reportedly processes gold ore at the rate
of approximately 7 million tons of ore a year with an average gold concentration of about
0.018 oz/ton. This production level is capable of producing approximately 100,000 oz/year
of gold according to industry sources. It is estimated that approximately 300,000 to
400,000 ounces more of gold will be produced before Glamis Gold completes its

operations in Randsburg.

Based on pubiished gold volume and price data, it is estimated that approximately 967,565
ounces of gold was produced in the Randsburg District prior to 1970 (Troxel and Morton,
1962). During the 1980's the mining of low-grade, disseminated gold deposits with the
heap-leach cyanide recovery operations contributed another 500,000 ounces of gold
production. Total recorded gold production and estimated reserve and resource base for

the Randsburg District amounts to 1.767 to 1.867 million ounces of gold.

Recent Exploration Activity

No additional recent precious metals exploration has reportedly occurred in the Randsburg

District other than to support the ongoing Glamis Gold Ltd. operations.

3.2.4 Transverse Range Province Mining Districts

The Transverse Range province is comprised of a series of complex-shaped, nearly east-

west trending mountain ranges and valleys. The province includes the San Gabriel, San
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Bernardino, and Santa Ynez Mountains. The most productive golid-quartz mines have

been in the Frazier Mountain, Acton, and Baldwin Lake Districts where the deposits occur
in metamorphic and granitic rocks. The most common and most typical primary gold
deposits are steeply dipping gold-bearing quartz veins. These veins usually range from
1 to 10 or more feet in thickness. A number of gold ore bodies consist of several parallel
quartz veins or they may consist of a zone of numerous narrow quartz stringers (Clark,
1982).

3.2.4.1 Acton District (Los Angeles County, Exhibit 2, Location #29)

Location and History

The Acton District is located in north-centrai Los Angeles County, in the general vicinity
of the town of Acton, 20 miles north of Los Angeles. This district also includes the area

known as the Cedar district. Placer gold was mined in the San Gabriel Mountains here as

early as 1834 (Clark, 1970). Lode mining apparently began here in the 1870's or 1880's.
The district was reportedly quite productive until about 1900. A number of mines, including
the Red Rover, Govermnor and Monte Cristo, were active again during the 1930's and early
1940's (Gay and Hoffman, 1954). The district has been intermittently prospected since,
but there has been very little recorded production.

Geology

The Acton District is underiain by Mesozoic quartz diorite, diorite, and Precambrian schist.
(Jennings, 1977; Oxyacid, 1958). The gold deposits are reported to consist of gold-quartz
veins in quartz diorite, diorite, gabbro and schist. The quartz veins are in fauited and
fractured zones and the gold ore is free milling and contains varying amounts of pyrite.
The ore bodies commonly consist of small parallel veins rather than a single large vein.

The Governor Mine has been developed to an incline depth of 1,000 feet.
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Mines and Gold Production

The mines in the Acton District include: Buena Esperanza; Governor (New York) ($1.5
million+); Helene; Hi-Grade; Red Rover ($550,000); and Puritan. Based on published gold
volume and price data, it is estimated that approximately 99,177 ounces of gold were

produced from this district.

Recent Exploration Activity

No recent exploration activity is known to have occurred.

3.2.4.2 Azusa-Tujunga District (Los Angeles County, Exhibit 2, Location #30)

Location and History

The Azusa-Tujunga District is located along the south flank of the San Gabriel Mountains
north and east of Los Angeles. Placer gold has been recovered from a number of canyons
and washes within this area. Two of the most important sources of gold have been the

San Gabriel Canyon, near Azusa, and Tujunga Canyon, located to the west.

Geology

The Azusa-Tujunga District is underlain by Precambrian gneiss and granitic rock on which
Quaternary alluvial deposits rest (Gay and Hoffman, 1954). The gold placers are
produced from the alluvial deposits. The gold is reportedly fine-grained and has been
produced mostly from sand and gravel operations as a byproduct in the 1930's and 1850's
(Clark, 1982).
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Mines and Gold Production .

No confirmed amount of gold production was reported into the public record for the placer
deposits from this district. Approximately 1,000 to 10,000 ounces or more of gold were
produced in this district based on geology and goid occurrences in placer deposits similar

to other mining districts with established gold production.

Recent Exploration Activity

No recent exploration activity is known to have occurred in this district.

3.2.4.3 Baldwin Lake District (San Bemardino County, Exhibit 2, Location #31)

Location and History

The Baldwin Lake District is located in the general vicinity of and east of Baldwin Lake,

which is in the northern portion of the San Bernardino Mountains. Placer gold was
reportedly mined here by Mexicans possibly as early as 1800 (Cloudman and others,
1919)., The Rose Mine was active in 1860, and there was considerable activity in the
district in the 1890's and early 1900's. The Doble Mine was active again in the 1930's and
1940's (Clark, 1970).

Geology

The Baldwin Lake District is underiain by Mesozoic age mica schist and quartzite,
Paleozoic carbonate rocks, and Cretaceous granite rocks (Wright and others, 1953). The
lode goid ore deposits consist of systems of irregular shaped quartz-calcite veins
containing free-gold, scheelite, and sulfides. The greatest depth of reported development
is about 400 feet (Clark, 1970). Placer deposits are also reported to have been worked

in this district. .
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Mines and Goid Production

Lode mines that are reported to have been worked in the Baldwin Lake District include the
Christie; Doble ($250,000 to $300,000); Erwin; Gem; Gold Hill; Hollie Ann; Lester; Log
Cabin; Rose ($450,000 to $600,000); and Stewart. Placer deposits include the McClure-
Bess, Parker, Rattlesnake Canyon, Vaughn and Weaver. Based on published gold
volume and price data, it is estimated that approximately 43,541 ounces of gold were

produced from this district.

Recent Exploration Activity

No recent exploration activity is known to have occurred in this district.

3.2.4.4 Black Hawk District (San Bernardino County, Exhibit 2, Location #32)

Location and History

The Black Hawk District is located in southwestern San Bernardino County approximately
30 miles northeast of the city of San Bernardino on the north flank of the San Bemnardino
Mountains. This district has also been known as the Silver Reef District. The district was
reportedly organized in 1870 (Tucker, 1921). An English concem organized the Santa Fe
claim group in 1890 to work the district on a large-scale basis but work stopped soon
afterward and prospecting was minor during the early 1900's. The Santa Fe group was
reopened in 1921 and operated continuously until 1940. During this last operation the

gold production was reported to amount to $300,000.

Geology

The area of the Black Hawk District is underlain by Cretaceous granitic rock, Mesozoic
schist, gneiss, and a Paleozoic limestone belt (Woodford and Harris, 1928; Dibblee,

1964a). A mineralized zone known as the Arlington-Santa Fe lode occurs along thrust-
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fault plane that strikes west and dips north. The gold ore reportedly consists of hematite-
bearing gouge and a limestone breccia (Tucker and Sampson, 1230). Several ore bodies
reportedly yielded up to 1 oz/ton (Wright and others, 1953). The ore zones in this district
are up to 75 feet thick and approximately 1,000 feet long.

Mines and Gold Production

The principal mines in the Black Hawk District that produced most of the gold was referred
to as the Santa Fe Group and the Lester (Clark, 1982). Based on publiéhed gold volume
and price data, it is estimated that approximately 145,000 ounces of gold were produced
from this district.

Recent Exploration Activity

Recent precious metals exploration has reportedly occurred in this district to evaluate
potential low-grade disseminated gold deposits. Amselco Minerals and Santa Fe Gold
have each reportedly conducted exploration drilling campaigns in the Black Hawk District
over the last 15 years. No ore reserves or discovery has been announced by any of these
companies. |

3.2.4.5 Frazier Mountain District (Los Angeles County, Exhibit 2, Location #33)

Location and History

The Frazier Mountain District is located in the extreme northeast corner of Ventura
County, in the general vicinity of Frazier Mountain. The Piru district is just to the south,
and the towns of Gorman and Fort Tejon are located to the east. The region was first
placer-mined in the 1840's, and the Frazier Mountain Mine was opened in 1865. This and
other lode-gold mines were worked fairly steadily until around 1885. Minor prospecting
and development work has been done in the district since; a small production was
recorded in 1952.
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Geology

The Frazier Mountain District is underiain by granite, granodiorite, gneiss and schist, and
smaller amounts of quartzite and hornfels (Jennings, 1977; Carman, 1964). The gold-
quartz veins reportedly strike north, range from a few inches to five feet in thickness, and
oceur in shear zones that are principally in gneiss and schist (Tucker and Sampson, 1932).
The ore is free milling and reportediy contains pyrite and small amounts of other sulfides.
Milling-grade ore commonly averaged 0.5 oz/ton of gold. Several of the ore bodies had
stope lengths of up to 300 feet. Some placer gold was recovered in the district from the

streams and older terrace gravels (Carman, 1964).

Mines and Gold Production

The mines located in the Frazier Mountain District included Bunker Hill; Esperanza;
Fairview; Frazier ($1 million); Gold Dust; Harris; Hess; Maule; Sibert; and White Mule.
Based on published gold volume and price data, it is estimated that approximately 48,379

ounces of gold were produced from this district.

Recent Exploration Activity

No recent exploration or development activity within the last 10 years is known to have

occurred in this district.

3.2.4.6 Holcomb Valley District (San Bernardino County, Exhibit 2, Location #34)

Location and History

The Holcomb Valley District is located on the north side of the San Bernardino Mountains
just north of Big Bear Lake. Placer gold deposits were discovered here in 1860 and
extensively worked for a few years (Clark, 1970). The area has been intermittently

prospected ever since.
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Geology

The Holcomb Valley District is underlain by Cretaceous quartz monzonite that is
surrounded by Paleozoic carbonates and metasediments (Dibblee, 1964; Richmond,
1960). The placer gold occurrences are in alluvium that is Recent to Late Tertiary in age.
In addition to the placers, lode-gold occurrences are present in the form of thin-shear and
fracture zones within the Cretaceous granitic rocks and/or in contacts between Paleozoic

carbonate and Tertiary intrusive rocks (Cloudman and others, 1920).

Mines and Gold Production

Gold deposits in the Holcomb district consist of both placers and lodes. The placers were
the earliest worked and have been reportedly the most productive. The placers were
extensively worked in the 1860's. Lode mine production from the district is estimated to
be about 54,500 ounces of gold (Koschmann and Bergendahl, 1968).

Mines of interest in the district include:

Ozier Mine. One of the extensive lode workings in Holcomb Valley area. First worked by
Mexicans in the 1850's, most active between 1860-90 (Clark, 1982). Mine output unknown
but presumed significant. Mine area underlain by quartz monzonite. Workings consisted
of numerous shallow shafts and adits that followed numerous closely-spaced, steeply
dipping west-northwest-trending fractures that occur along a zone that is over 200 feet
wide. The gold-bearing material in this zone is reported to consist of highly hematitic-
stained, fractured and decomposed quartz monzonite that contained little actual quartz
vein material (Wright and others, 1953).

Green Lead. Gold and silver bearing copper-stained quartz zone at contact between
limestones of Furnace Formation and bictite quartz monzonite. Quartz-bearing zone
reported to be two to four feet wide. Reported to contain free milling gold ore (Wright and
others, 1953).
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Gold Button. Granite cataclasite associated with thrust faulting said to contain gold and
silver-bearing material along shear zones. Extent of mineralization uncertain but

cataclasite zone is over ¥ mile in width (Wright and others, 1953).

From 1933 to 1941 about 200,000 cubic yards of Recent and Late Tertiary alluvium were
mined by power shovel that reportedly contained about 0.38/dollars per yard of
recoverable gold (Clark, 1970). Based on published gold voiume and price data, it is

estimated that approximately 102,171 ounces of gold was produced from this district.

Recent Exploration Activity

No recent exploration or development activity within the last 10 years is known to have

occurred in this district.

3.2.4.7 Lytle Creek District (San Benardino County, Exhibit 2, Location #35)

Location and History

The Lytle Creek District is located in southwestern San Bernardino County in the eastern
San Gabriel Mountains. During the 1890's there was reportedly an appreciable amount
of placer gold mining activity in this district (Clark, 1970). Operations extended from near
the mouth of Lytle Creek to near its headwaters on the east slope of Mount San Antonio
(Mount Baldy). Placer mining was reportedly accomplished by both hydraulic and hand
methods (Clark, 1970).

Geology

The Lytle Creek District is underlain by the Cretaceous age Pelona Schist Formation and
has been locally intruded by Later Tertiary granodiorite (Jennings, 1977). The San
Andreas Fault is located approximately two miles north of the district. Numerous faults that

are probably related to the San Andreas Fault system are present within the district.
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Mines and Gold Production

No confirmed amount of gold production was reported into the public record for the placer
deposits from this district. Approximately 1,000 to 10,000 ounces or more of goid were
produced in this district based on geology and gold occurrences in placer deposits similar

to other mining districts with established gold production.

Recent Exploration Activity -

No recent exploration activity is known to have occurred in this district.

3.2.4.8 Mount Baldy District (San Bernardino County, Exhibit 2, Location #36)

Location and History

The Mount Baldy District is located within the San Gabriel Mountains of eastern Los
Angeles County. The district is just west of Mount San Antonio, which is also known as
Mount Baldy or Old Baldy. The district contains both lode- and placer-mining operations
(Clark, 1970). Placer mining was originally done here in the San Gabriel River in the
1840's, and for several periods following that time (Gay and Hoffman, 1954). The Mount
Baldy District was quite produdive (Clark, 1982). Production was obtained from both the
stream beds and from terrace gravels, which were mined by hydraulic methods. In 1874
it was reported that more than $2 million had been produced in the previous 18 years
(Clark, 1982). The principal period of lode-gold mining was 1903-1908, but there was

some activity again in the 1930's.

Geology

The Mount Baldy District is underlain by the Mesozoic age Pelona Schist and Mylonite of
Vincent Thrust that has been intruded by Late Tertiary granodiorite (Youngs, 1988). The
gold-quartz veins reportedly occur in the schist and gneiss immediately adjacent to the
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fault plane of the Vincent Thrust Fault. The ore bodies usually are three feet or less in
thickness and do not extend to any great depth. The oxidized zones near the surface

yielded the richest ore (Gay and Hoffman, 1954).

Mines and Gold Production

Mines located in the Mount Baldy District include: Allison ($50,000); Baldora; Big Hon
($40,000+); Eagle; Gold Dollar; Holly; Heaton; Native Son; Stanley; and Zanteson. An
estimated 96,758 ounces of gold was produced from the placer accumulations in this
district (Clark, 1982). An additional 50,000 ounces of gold was produced from the lode
mines in this district (Clark, 1982). |

The Big Hom Mine is currently owned by Siskon Gold, Inc. which has reportedly drilled out
a proven and probable reserve base of 300,000 ounces of gold at a grade of 0.144 oz/ton.
Additional production may be obtained from a gold resource base of approximately
540,000 ounces. Siskon is attempting to place this property into production and has

obtained a number of its required governmental operating permits.

Based on known and extrapolated past production from placer and lode gold mines of
146,758 ounces and the identified proven and resource base of gold at the Big Horn Mine,
the total gold resource that can ultimately be produced from the Mount Baldy District is

approximately 986,758 ounces.

Recent Exploration Activity

Other than the activity related to the Big Horn Mine no recent exploration activity is known

to have occurred in this district.
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3.2.4.9 Mount Gleason District (Los Angeles County, Exhibit 2, Location #37)

Location and History

The Mount Gleason District is located in northern Los Angeles County in the general

vicinity of Mount Gleason, about 15 miles due north of Pasadena.

Geology

The Mount Gleason District is underiain by Mesozoic age granitic rock that surrounds
small pendants of schist (Jennings, 1977). A number of small, lode-gold deposits have
been reported to have occurred in granite and metamorphic rocks (Sampson, 1837; Clark,
1982).

Mines and Gold Production

The principal mines that are known to have been worked in this disirict are the Los Padre
and Mount Gleason Mines. None of these mines have been worked in many years
(Tucker, 1927). No confirmed amount of gold production was reported into the public
record for the placer deposits from this district. Approximately 1,000 to 10,000 ounces or
more of gold were produced in this district based on geology and gold occurrences in

placer deposits similar to other mining districts with established gold production.

Recent Exploration Activity

No recent exploration activity is known to have occurred in this district.
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3.2.4.10 Neenach District (Los Angeles County, Exhibit 2, Location #38)

Location and History

The Neenach District is located in the northern portion of Los Angeles County, about 20
miles west-northwest of Lancaster. Gold was discovered here in 1899, but the bulk of the
production of about $200,000 was reportedly obtained in 1935-38 (Clark, 1970; 1982).
There reportedly has been intermittent mining and development work here since the
1930's (Clark, 1970).

Geology

The Neenach District is underlain by Mesozoic quartz monzonite rock that is overlain by
Tertiary sediments and volcaniclastic sediments (Wiese, 1950). Smail roof pendants of
Paleczoic metasediments are present in the district (Simpson, 1934). The gold deposits
oceur in a contact zone between metasediments and quartz monzonite. The ore bodies
consist of zones of narrow quartz veins and stringers containing free gold and varying
amounts of pyrite. The oxidized zone yielded material valued as high as $60 of gold per
ton. Most of the production has been from the Rivera or Rogers-Gentry group of mines
(Sampson, 1937).

Mines and Gold Production

The mines in the Neenach District reportedly consisted of the Rivera or Rogers-Gentry
group of mines (Clark, 1970). No confirmed amount of gold production was reported into
the public record for the placer deposits from this district. Based on published gold
volume and price data, it is estimated that approximately 8,675 ounces of gold were

produced from this district.
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Recent Exploration Activity

No recent exploration activity is known to have occurred in this district.

3.2.411  Piru District (Ventura County, Exhibit 2, Location #39)

Location and History

The Piru District is located in northeastern Ventura County in the vicinity of Piru Creek.
Placer mining was begun here in 1841 and gold from the district was shipped to the U.S.
Mint in Philadelphia in 1842 (Clark, 1970; Bowers, 1888). Small-scale placer mining
continued intermittently through the 1890's, and there was some work again in the 1920's
and 1930's (Huguenin, 1919; Clark, 1970).

Geology

The Piru District is underlain by Precambrian gneiss (Jennings, 1977). The placer gold
deposits are in and adjacent to the upper part of Piru Creek, chiefly in the vicinity of its
junction with Lockwood Creek, and to the east in the Gold Hill area (Clark, 1970). The
placer goid has been recovered both from Recent stream gravels and oider terrace
deposits on the hills north of Lockwood Creek. The placer gold often is coarse-grained.
There are a number of north-striking gold-quartz veins that range from a few inches to
about four feet in thickness. The veins occur in shear zones, and usually in granitic gneiss
or hornblended schist. The ore contains free gold and varying amounts of pyrite. Milling

ore sometimes averaged 0.5 oz/ton of gold.

Mines and Gold Production

The placer mines in the Piru District were not named. Among lode-gold mines, the
principal operation was the Castaic Mine, which has an estimated total output vaiued at
about $160,000 (Tucker, 1925). No confirmed amount of gold production was reported
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into the public record for the placer deposits from this district (Tucker, 1932). Based on
published gold volume and price data, it is estimated that approximately 7,740 ounces of

gold was produced from this district.

Recent Exploration Activity

No recent exploration activity is known to have occurred in this district.

3.2.4.12  Saugus District (Los Angeles County, Exhibit 2, Location #40)

Location and History

The Saugus District is located in the western San Gabriel Mountains in Los Angeles
County near the towns of Newhall and Saugus. This area is an extensive placer gold
district and includes the upper Santa Clara River, Sand Canyon, Pacoima Canyon, and
Arrastre Canyon areas as well as a number of small canyons (Clark, 1970). This area is
also known as the Newhall or San Gabriel Districts (Sampson, 1937). Gold was
discovered in the district in the early 1800's and the placers have been worked
intermittently since then. Production estimates of $1 00,000 have been reported to have

occurred during the first few years of development (Oakshott, 1958).

Geology

The Saugus District is underiain by Recent and older Quaternary alluvium deposits which

contain gold-bearing placer deposits (Jennings, 1977).

Mines and Goid Production

The placer mines in the Piru District were not named. No confirmed amount of goid

production was reparted into the public record for the placer deposits from this district.
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Based on published gold volume and price data, it is estimated that approximately 4,837

ounces of gold were produced from this district.

Recent Exploration Activity

No recent exploration activity is known to have occurred in this district.

3.3 Land Status Review of Area of Investigation

The land status of the area of investigation is shown in generalities on Exhibit 2.
Numerous military bases are located within the area of investigation that have restricted
or precluded future mineral exploration and/or development. In addition, Exhibit 2 depicts
the approximate boundaries of the U.S. Forest Service and U.S. Bureau of Land

Management Roadless and Primitive areas and California state park lands.

3.4 Alternative Project Site Economic Viability Criteria

Review of the Soledad Mountain Project geology and mineralization suggests that an

alternative site for the project should have the following minimum criteria:

« Ore reserves of 60,000,000 tons or more at a grade of 0.030 oz/ton gold-
equivalent.

» Stripping ratio of overburden to ore of less than 4:1.

e Sufficient groundwater resources to support a heap-leach cyanide recovery
process.

» Infrastructure such as electrical power access within five miles of the proposed

alternative site.
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4.0 CONCLUSIONS
The conclusions of the WZI investigation were as follows:

1. Forty mining districts were evaluated within the area of investigation for feasibility of

alternate project site where gold mineralization in commercial quantities may exist.

2. Atotal of fourteen of the alternate project site mining districts evaluated are located
either within or immediately adjacent to state of California or Federal lands that have

been designated as Primitive or Wilderness Areas.

3. A total of three of the altenate project site mining districts evaluated are located

within or immediately adjacent to federai military lands.

4. Alternate project sites that are not excluded by the above factors are:
- The Yeliow Aster Mine owned by Glamis Gold Ltd. in the Randsburg District
- The Zenda Mine project owned by Claim Staker Resources, Inc. in the Loraine
District
- The Big Hom Mining project owned by Siscon Gold, Inc. located in Los Angeles
County in the Mount Baldy District

5. None of the alternate sites have potential ore reserves that amount to 25 percent of

the projected ore reserves of the Golden Queen Soledad Mountain Project.

8. In each of these altemative project locations a mining company has already

established controlling interest in the identified mining properties.
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JABLE1
Tabulation of Significant Dates in the
History of Gold Mining in California

The first known discovery of gold in California was made in the Potholes
district, Imperial County. Mining extended into the Cargo Muchacho and
Picacho districts.

The placer deposits in San Francisquito Canyon, Los Angeles County were
discovered.

Gold was discovered in Placerita Canyon, Los Angeles County. Some
sources give the date of this discovery as 1841.

Gold was discovered in Greenhorn Creek, Kern County. This discovery led
to the rush to the upper Kemn River Region.

California’s annual gold production reached an all time high of $81 million.

The Fraser River rush in British Columbia caused a partial exodus of miners
from the state.

The rich surface placers were largely exhausted by this date, and river
mining in the northern Sierra Nevada accounted for much of the state’s
output until the early 1860's. All of the rivers in the gold regions were mined.

The Comstock silver rush began in Nevada. This development caused a
large exodus of gold miners from Califomnia. However, it stimulated gold and
silver prospecting in eastern and southeastern California, within the area of
investigation.

By this time California’s gold rush had ended. The rich surface and river
placers were largely exhausted; hydraulic mines were the chief sources of
gold for the next 20 years.

The first air drills were introduced. However, widespread use of air drills in
mining did not come for another 30 years.

Gold production figures began to be collected for the calendar year instead
of the fiscal year.

Gold was discovered in Goler Guich in the El Paso Mountains in eastemn
Kermn County. This led to other discoveries in the area and the influx to the
Randsburg district, which began in 1885.

The general prosperity that began during World War | and continued to
1929, with accompanying high costs, caused a decrease in gold output.
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TABLE 1
Tabulation of Significant Dates in the
History of Gold Mining in California

Peak of post World War | boom. Lowest point in gold production since 1849.

Gold production started to rise because of the depression and resulting low
operating costs.

The price of gold increased from $20.67 to $35 per fine ounce. This rise
ultimately resulted in a large increase in gold output and in much greater
exploration activities.

Gold output totaled nearly $51 million. This was the most valuable annual
output since 1856. Thousands of miners were employed in the quartz mines
at Grass Valley, Alleghany, Nevada City, Jackson, Sutter Creek, Jamestown,
Mojave, and French Guich districts. There were many active bucket-line
dredges, and dragiine dredges became important producers of placer gold.

World War 1l caused a precipitous drop in gold output. War Production

Board Limitation Order L-208, issued on October 8, caused the gold mines
to be shut down.

Gold production touched the lowest point since 1848.

Order L-208 was lifted, effective July 1. Some of the bucket-line dredges
resumed operations, but only a few important lode mines at Grass Valley,

Alleghany, and Sutter Creek were reopened. Production increased slightly
for 4 years.

Gold output resumed its decline because of rising costs and depletion of
dredging ground. Lode belt, was shut down.

Gold output fell below $5 million as the dredges continued to curtail
operations.

The U.S. Treasury suspended purchases of newly-mined gold. The free
market price rose to $44 an ounce early in 19689, falling by November to
$38.50, because of greater stability in interational currencies.

Clark, W. B., 1970, Gold Districts of California: California Division of Mines
and Geoiogy, Bulletin 193, p. 5-7.
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I INTRODUCTION

This report is a summary of an evaluation of the groundwater supply potential of the
water well(s) drilled and proposed to be utilized by Golden Queen Mining Company for
supplying up to 750 gallons per minute (gpm) of water during the open pit mining and
heap leach gold processing operation proposed on Soledad Mountain, in eastern Kern
County, near the town of Mojave. It is anticipated that an estimated maximum mining
rate of 6 million tons per year will require the maximum water use rate of 750 gpm for
ten years. The evaluation includes review of several available reports, data previously

prepared for Golden Queen, and test data gathered from the first water supply well
drilled and compieted in October, 1996.

i EXISTING WELLS

Wells in the immediate area of interest just north of Soledad Mountain generally have
been drilled for the purpose of supplying residential water and thus are completed with
small pumps necessary to supply only 20 to 40 gallons per minute. Nearby wells have
been reviewed for aquifer characteristics based on available well log information and
reported groundwater levels. A summary of existing water well data is included as
Exhibit 1, and well locations are shown in Exhibit 2.

A well, known as the Gillis well, located 1 to 1.5 miles west of the proposed water wells
project in Section 36, Township 11 North, Range 13 West, reportedly tested at rates of
750 to 900 gpm. This well is shown as well #25 on the well location map, and is iocated
in an area where the alluvium is greater than 630 feet thick with thickness of the
unconfined aquifer between 250 and 350 feet. Other wells a few miles north and west
of Soledad Mountain reportedly tested at rates of 300 gpm or more. Mojave Public

Utility District wells (wells #31 and #32) in Section 22, Township 11 North, Range 12
West tested at rates from 250 to 1,000 gpm.
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The groundwater elevation map constructed from 1990 groundwater data, Exhibit 3,
shows a gradient generally from west to east, with a southeast gradient on the north side
of the project site. Hydrographs were prepared on a number of wells to show the
change in groundwater elevation over time (Exhibits 4 - 6). The groundwater table has
dropped one-quarter to one-half a foot per year over the last 18 years. The groundwater
table appears to be slightly impacted by the rainfall with periods of higher rainfall

showing minimal drawdown and drought periods exhibiting higher drawdown. Exhibit 7
shows rainfall totals by year at Mojave.

Water wells in the Jameson Ranch area, located approximately 4 miles northeast of
Soledad Mountain, were used to provide water for alfaifa farming from approximately
1989 through 1971. Information on the Jameson Ranch wells was obtained from

"Perennial Yield Assessment of Chaffee Subunit in the Fremont Valley Groundwater

ni

Basin"'. The wells are reported to have had average withdrawal rates of approximately

2500 gallons per minute during the time they were in operation. Groundwater elevations
for well #26J1 (ref. 34 on Exhibit 1) located in Section 26, Township 11 North, Range 12

West in the Jameson Ranch Area from 1955 through 1987 are plotted versus time in a
hydrograph on Exhibit 8.

lll. AQUIFER CHARACTERISTICS

Actual groundwater elevations over time can be used along with known parameters to
determine aquifer characteristics for evaluation of a projected well performance. The
Jameson Ranch well was used as representative of the aquifer because it had similar
reservoir thickness and because it had good records with both drawdown and recovery
periods.

The Jameson Ranch well #26J1 is located approximately 6200 feet from the center of
the area affected by the pumping as shown in Exhibit 9 prepared by Slade (1994) using

1970 groundwater levels. General aquifer characteristics were calculated based on

! Slade, R.C., 1994, Perennial Yield Assessment of Chaffee Subunit in the Fremont Valley Groundwater

Basin, Richard C. Slade & Associates, Report.
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analysis of the drawdown and recovery of the groundwater table from 1959 to 1987.
. Starting assumptions used in this analysis include porosity of the formation equal to 30
percent, permeability 5.0 darcies, water viscosity 0.9 centipoise, formation compressibility
50 x 107, aquifer thickness 190 feet. These values were used in the following
equations relating to producing rate, porosity, permeability, thickness, and compressibility
to estimate drawdown and rebound at points in time equivalent to the known
measurements. By using an iterative process (changing one variable to see the effect
then changing another), it is possible to determine a set of parameters which
approximate the aquifer characteristics. The parameters used in this analysis are listed

after the equations. A list of terms used in the equation is attached as Appendix A.

Using the two equations?,
_ Kt
r,=, \ _—
0.04ucy

and

,
tualn—:
o PP~z

7.08kh

Known and derived parameters: permeability, 5.4 darcies

time, years

viscosity, 0.9 cp

compressibility, 5.0 x 10°

porosity, 0.32

flow rate, 1500 gpm net pumping rate
formation volume factor, 1.0

radial distance at the time step analyzed
aquifer thickness, 175 feet

pressure, psi (aquifer pressure at the
pump depth)

o

oo wmagor X

. 2 Craft, B.C., and Hawkins, M.F., 1959, "Applied Petroleum Reservoir Engineering,” pp. 284 & 289, Prentice-
Hall Inc., Englewood Cliffs, NJ.
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it is possible to compare the actual depth to groundwater information against the
calculated depth over time and thereby determine the combination of aquifer parameters
which best match the historical data. The known and derived parameters shown above

were used in the final analysis. Exhibit 10 shows the groundwater level versus time for
the actual data as well as a plot for the projected data.

V.  WATER PRODUCTION WELL PW #1

In October, 1996, Golden Queen drilled a water well, PW #1, in Section 31, Township
11 North, Range 12 West to a depth of 300 feet. The water level just prior to a pump
test was measured at 176.6 feet below the ground surface. On October 11, 1996 a step
rate test was performed. The well was pumped at specified rates from 510 gpm to 700
gpm in four 20 minute intervals. Water level readings were taken at regular intervals and
_each step was allowed to stabilize prior to changing to the next rate. These data were
input into the groundwater modeling program AQUIX-4S to determine aquifer
characteristics. Using the Neuman equations® for calculating aquifer characteristics of
an unconfined homogenous aquifer, a transmissivity of 2000 ft/day was established by
an iterative process. Based on a saturated aquifer thickness of 140 feet, the
permeability was calculated to be 5.87 darcies which compares reasonably well with the

Jameson Ranch derived permeability of 5.4 darcies. Exhibit 11 shows the actual versus
the expected drawdown over time for this test.

Analysis of the pump test was also performed using a general multiple rate test
analytical technique® which compares the pressure (equivalent to water depth) at a
given time to the corresponding production rate to obtain a straight line whose slope is
used- to determine the reservoir permeability and reservoir height variables. The
following terms are plotted:

3 Neuman, S.P., 1975, Analysis of pumping test data from anisotropic unconfined aquifers considering delayed
gravity response: Water Resources Research, v. 11, N. 2, pp 329-342.

4

Robert C. Earlougher, Jr., 1977, "Advances in Well Test Analysis," pp. 31+, Millet the Printer, Inc., Dallas,
Texas.
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PPt 5 (199 g4, )
an N

A list of terms used in the equation is attached as Appendix A. The slope of a line
drawn through the points generated at the various times and flow rates can be used in

the following equation to determine the permeability of the formation.

K= 162.6Bu
m'h

Exhibit 12 shows this plot, where two different slopes are apparent. The early time data
results in a lower permeability (1.7 darcies) compared to the later data which calculates
an estimate of 5.2 darcies. This difference may be expiained by near wellbore cleanup

which may have occurred in the early time at the lower flow rates.

Applying the same equations used for analysis of the Jameson Ranch aquifer drawdown
and recovery data to the pump test data and allowing for the multiple production rates,
a plot was made showing the actual water level from the test as well as the projected
level resulting from various combinations of input parameters. The best fit evaluated
used 5.4 darcies of permeability and 135 feet of interval. Since the screened interval of

PW #1 is approximately 115 feet, the correlation is good. Exhibit 13 shows the results
of this analysis.

V. PROJECTED WATER AVAILABILITY

Golden Queen projects needing water for operations for up to 10 years at an
approximate average rate of 750 gpm. Long term aquifer response was evaluated using
the aquifer characteristics obtained above and applying them to well PW #1. Drawdown
at the well was projected for either one, two, or three wells separated by 1,000 feet with
each well providing an equal proportion of the 750 gpm total. Exhibit 14 shows the

drawdown at different distances from the well at different points in time assuming the
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aquifer is infinite. This is a conservative calculation which assumes a recharge and
perennial yield of zero.

Assuming the thickness of the aquifer approximates the well penetration of the saturated
zone of 135 feet at the location of PW #1, a single well producing 750 gallons per minute
would have a drawdown of 121 feet in only 90 days. This rate could not be sustained
because the fluid level would be at the bottom of the well. If all three wells are operated
at 250 gallons per minute each, the drawdown is 64 feet in 90 days and reaches 83 feet
in 10 years. Exhibit 15 shows the drawdown versus time at a center well for one, two,
or three wells. Thus, it appears likely that three wells will be required, which are
sufficient to provide enough water throughout the entire project life.

Vi. IMPACT ON NEARBY WELLS

The nearest active well (Well #11) is located in Section 12, Township 11 North, Range
12 West and is approximately 3,700 feet west of the water supply well PW #1. ltis a
domestic supply well and tested 40 gpm, the capacity of the installed pump. At Well
#11, the depth to water is 215 feet and total depth is 350 feet, making the effective
thickness of the water bearing formation 135 feet. Drawdown based on analysis of the
Jameson Ranch area as well as the results from the Golden Queen well (PW #1) can
be calculated at this well. Conservatively, the impact on Well #11 of producing 750 gpm
from the Golden Queen wells would be to increase its drawdown by 20 feet initially,
increasing to 39 feet after 10 years. The greatest drawdown will occur initially but will
decrease to approximately 1.5 feet per year after the first year. While this may require
lowering the pump, the withdrawal rate should not be impacted. Increased pumping
costs associated with a worst case groundwater elevation could be approximately $0.025
per 1000 gallons. It is anticipated that drawdown may actually be less than calculated
if aquifer recharge is taken into account.
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By project design, water levels in Golden Queen’s water production wells and existing
monitoring wells will be monitored annually to determine impacts from the pumping
and/or water table fluctuations. Although total annual withdrawal and recharge rates
from the basin are unavailable, it is considered unlikely that an additional 750 gpm
withdrawal will have a significant impact on the water balance in the basin. Even if this
represented a 50% increase in basin withdrawals, the indicated trend of the water table

would only increase from one-half foot per year to three-quarters foot per year, or 15 feet
in 20 years.

VIl. GROUNDWATER/WATER SUPPLY UNDER ALTERNATIVE SCENARIOS

The groundwater usage requirements for Golden Queen and impacts upon the aquifer
and surrounding wells will vary depending upon the ore mining and processing rate.
Water requirements for the agglomeration and leaching processes vary in direct
proportion to the quantity of ore processed. Water used for dust control on the roads

and within the crushing process is more closely related to the number of operating hours.

Increased Mining & Processing Rates - Under this scenario, mining and
processing rates would increase by 20%. This alternative would require water to be
pumped from wells at higher rates, but for a shorter time period than the Proposed
Action. The cumulative project requirements for water over the life of the project would
be approximately 8% less than the Proposed Action.

The estimated well pumping rate for this alternative is 825 gallons per minute with a
project life of 8.33 years to mine and process the ore. Exhibit 16 shows the drawdown
versus time at the central well for one, two, or three wells pumping a combined total of
825 gallons per minute. The maximum projected drawdown at the producing wells would
be 90 feet which is about 9% greater than the maximum projected under the Proposed
Action which is a negative short term impact. The long term impact would be slightly

positive as a resuit of the lower cumulative water requirement.
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Decreased Mining and Processing Rates - Under this scenario, mining and
processing rates would decrease by 20%. This alternative would require water to be
pumped from wells at lower rates, but for a longer time period than the Proposed Action.

The cumulative project requirements for water over the life of the project would be
approximately 12% more than the Proposed Action.

The estimated well pumping rate for this alternative is 675 gallons per minute with a
project life of 12.5 years to mine and process the ore. Exhibit 17 shows the drawdown
versus time at the central well for one, two, or three wells pumping a combined total of
675 gallons per minute. The maximum projected drawdown at the water supply wells
would be 76 feet which is about 9% less than the maximum projected under the
Proposed Action which is a positive short term impact. The long term impact would be

slightly negative as a result of the higher cumulative water requirement, but still less
than significant.

Reduced Project Size - This alternative is a reduction of 70% from the Proposed
Action in the amount of ore mined from 60 million tons to 17 million tons. This
alternative would require water to be pumped from wells at the same rates as the
Proposed Action, but for a shorter time period. The cumulative project requirements for
water over the life of the project under this scenario are 70 percent less than the
Proposed Action because of the much shorter project life.

The estimated well pumping rate for this alternative is 750 gallons per minute with a
project life of 3 years to mine and process the ore. The drawdown versus time will be
the same as under the Proposed Action with a much shorter life and therefore a lower

cumulative drawdown. The long term impact would be positive as a result of the much
lower cumulative water requirement.
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SUMMARY OF EXISTING WATER WELL DATA

TOTAL e S2P0RT20
DEPTH | TO WATER YIELD
REF NO LOCATION D (F7) (GPM) COMMENTS
1 T1ON, R12W, SEC 2 257 187 TERMINATED ON “GRANITE"
2 |T10N, R12W, SEC 4 340 135 TERMINATED ON "HARD ROCK"
3 |TION, R12W, SEC 4 275 175 3
4 [T10N, R12W, SEC & 222 188 1 TERMINATED ON "HARD ROCK®
5 |T10N, R12W, SEC 8 238 183 5 ALLUVIUM TOTAL DEPTH
5 |T1ON, R12W, SEC 10 200 87 30 ALLUVIUM TOTAL DEPTH
7 |TION, R12W, SEC 10 204 93 35 ALLUVIUM TOTAL DEPTH
8 |T10N, R12W, SEC 10 202 93 35
g |T10N, R12W, SEC 10 200 52 30
10 |T10N, R12W, SEC 10 200 85 25
11 |T1IN, R12W, SEC 31 330 215 40 PUMP LUMITATION
12 |T1IN, R12W, SEC 33 240 175 FAIR __ |YIELD REPORTED AS FAIR"
13 |T11N, R12W, SEC 33 252 180 TERMINATED IN "BEDROCK®
14 |T10N, R11W, SEC 8 280 58
15 |T10N, R12W, SEC 12 224 84
16 |T10N, R12W, SEC 13 183 60
17 |T1ON, R12W, SEC 20 107
18 |T1ON, R12W, SEC 22 242 3
19 [T10N, R13W, SEC 19 770 317
20 |T1IN, R11W, SEC 7 214 208
21 T11IN, R1tw, SEC 9 422 131 IN ALLUVIUM
22 |T1IN, Ri12W, SEC 22 350 247
23 |T1IN, R13W, SEC 18 230 311
24 T1IN, R13W, SEC 29 749 307 IN ALLUVIUM
25 |T1IN, R13W, SEC 36 _ 830 280 - 380 730 ALLUVIUM TOTAL DEPTH
26 |T11N, R13W, SEC 32 300 180 TOP 50 FEET ALLUVIUM
27 |T11N, R12W, SEC 32 300 40
28 |T1IN, R12W, SEC 32 255 180 40
23 |T11IN, R12W, SEC 32 178
30 |T1IN, R12W, SEC 32 243 188
31 |T1IN, R12W, SEC 22 330 250 250 MOJAVE P.U.D. WELL
32 [T11N, R12W, SEC 22 348 270 “ROCK" AT TOTAL DEPTH
33 |T1IN, R12W, SEC 22 385 223 1000 |MOJAVE P.U.D. WELL
34 |T1IN, R12W, SEC 26 230 200 FORMER JAMESON RANCH IRRIGATION WELL
35 |T11IN, R12W, SEC 32 200 177 700 NEW GOLDEN QUEEN WATER WELL

REVISED FROM WATER WASTE AND LAND, INC., 1850, HYDROLOGY STUDY SUMMARY FOR THE SOLEDAD MOUNTAIN PROJECT.

FACUENTS\GOLOQUENIWELLINFO.WQ2

8C 11/20/88
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GOLDEN QUEEN
PRESSURE WAVE CALCULATION

FORMATION PROPERTIES:

0 Porosity (Fraction) 0.32
k Permeability (Darcies) 5.4
u Viscosity (cp) 0.9
c Compressibility (1/psi) 5E-05
B Form. Vol. Factar 1
h Thickness (ft) 135
q Production Rate (B/D) 25,714 750 GPM
Two Wells each at 12,857 375 GPM
Three Wells each at 8,571 250 GPM
Distance between wells, ft 1,000
mpp Mid-point of Perfs. (ft) 238
d Depth to Water (ft) 176
g Fluid Gradient (psi/ft) 0.433
pe Static Press @ mpp (psi) 27
M Hydraulic Head @ mpp (ft) 61.5
FORMULAE: (Craft and Hawkins, p.314)
re=[kt/(0.04uc0)]*1/2
pe-p=quBlin(re/r)/(7.08kh)
dH PRESSURE WAVE (ft):
Radius (ft)
Time (yrs) 0.25 500 1000 2000 3700 5300 10000
750 GPM (RATE PER WELL)
0.25 121 42 35
1 128 49 42 35 29 25 18
3 134 55 48 41 34 31 24
5 136 58 50 43 37 33 27
10 140 61 54 47 41 37 30
12 141 62 55 48 41 38 31
15 142 63 56 49 43 39 32
375 GPM (Each) 2 wells 1000 ft apart - Combined Effect
0.25 78 36 31 26 20 17 11
1 85 44 39 33 27 24 18
3 91 49 44 39 33 30 23
5 93 52 47 41 36 32 26
10 97 56 50 45 39 36 30
12 98 56 51 46 40 37 31
15 99 58 53 47 41 38 32
250 GPM (Each) 3 wells 1000 ft apart - Combined Effect
0.25 64 35 30 25 20 16 10
1 71 42 37 32 27 24 18
3 76 47 43 38 33 29 23
5 79 50 48 40 35 32 26
10 83 54 49 44 39 36 30
12 84 55 50 45 40 37 30
15 85 56 51 46 41 38 32
GOLDQUENPWAVEGQ
EXHIBIT 14
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APPENDIX A






Nomenclature for Permeability calculations

Me = external boundary radius

k = permeability

t = time

7} = viscosity

c = compressibility

(/] = porosity

Pe = external boundary pressure
= pressure

q = volumetric flow rate

B, = formation volume factor
= radial distance

h = height of aquifer

P; = initial pressure

p.s = flowing well pressure

of¥ = flow rate at time N

g = flow rate at time |

g., = flow rate at time j-1

m’ = slope of line
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1.0 INTRODUCTION

1.1 PURPQSE AND SCOPE OF REPORT

This report summarizes the results and conclusions from initial hydrologic
studies for Noranda's Soledad Mountain Project in Kern County, California. This
report was prepared upon your request, and is based on data collected by Water,
Waste & Land, Inc. (WWL). This work consisted of data collection and review, °
and was conducted initially for Golden Queen Mining Company, Inc. (Golden Queen)
and later for Noranda Inc. {Noranda), as outlined in the following section.

1.2 STUDIES CONDUCTED TO DATE

Initial work, consisting of data review, was conducted for Golden Queen
according to the Phase I study outline prepared for Envirocon in September 1989,
Phase I work, originally envisioned as the first of a three-phase study,
consisted of review of available data, identification of water supply sources
in the area, and preliminary characterization of the hydrology of the area.

A report describing the results of this study was prepared for Golden
Queen Mining Company in October 1989. An important part of the planned data
review could not be conducted because drillers logs and production information
from over 30 wells in the site area were (by California regulations)

confidential, and could not be obtained without written consent of the property
owners.

Fol1owing‘ Noranda's acquiring rights to assess the Soledad Mountain
property in late 1989, WWL prepared a work scope for completion of Phase I
studies and initiation of subsequent phases of hydrologic data collection for
project water supply and waste disposal site monitoring. This work scope was
prepared for Envirocon in December 1989, and was revised in March 1990 to
include WWL personnel collecting private well information. A key task in this
revised phase of work was assessing an existing well on land controlied by
Golden Queen in Section 36, northwest of the project site. ’

In April 1990, WWL conducted a survey of wells in the project area to
collect drillers logs and other pertinent well information through permission
from landowners. Guidance on who to contact about well information was provided
by Noranda site personnel. The results of this task were documented in a letter
to Noranda dated April 26, 1990. This task provided very 1ittle published well
information, although dinformation from conversations with local residents
provided some insight into the area gechydrology and water supply. The well in

Section 36 was not found, and was believed to be destroyed during previous land
development construction work.
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Upon your request, WWL prepared a ravised work scope for the next steps
to be taken for mine development hydrology, based on the information collected

in April. This work scope was prepared for P.M. DeDycker and Associates in May
1990.
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2.0 SUMMARY OF EXISTING INFORMATION

2.1 EXISTING WELLS AND DRILLING INFbRMATION

Available information about the geology and gechydrology of the Soledad

Mountain area, and wells and water supplies used in the area was obtained from
the following sources:

1. Reports and data collected by WWL during the site visits on August 8-89,

1989 and April 17-20, 1990, as well as communication with local residents.

2. Conversations with California state agency and Kern Water Agency personnel
concerning well records and other public well data.

3. Conversations with Antelope Valley-East Kern Water Agency (AVEK), Kern
County Water Agency, and Mojave Public Utilities District personnel
concerning water supply information.

4.

Conversation with CoCa Mines personnel about water supply information at
the Middle Buttes and Shumake Mines (which are located west of the site).

The references and information obtained from these sources are 1isted in the
references section of this report. Much of the published data was referenced

in the geohydrology report prepared for the Shell Standard Hill Project (Rector,
1886).

AVEK provided information on wells monitored by the United States Geologic
Survey (USGS) for AVEK. In addition, AVEK provided preliminary information on
the location of facilities, water service agreements, water rates, and rules and
requlations for distribution of water. The Kern Water Agency provided Timited
information on a number of private wells in the area.

Table 1 is a summary of available information on existing water wells in
the area from WWL's October 1989 report. The approximate locations of wells
included in Table 1 are shown on Figure 1. This information was limited to
published data or that obtained by personal communication. Collection of actual
dril1ing logs of these wells was attempted in April 1950 through requests made
to local 1landowners. This task yielded no published information, but

conversations with landowners provided general information about gechydrologic
conditions and water supply.
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TABLE 1
SUMMARY OF EXISTING WATER WELL DATA
TOTAL DEPTH REPORTED
REF DEPTH  TO WATER YIELD INFORMATION
NO. LOCATION (ft) (ft) (gpm) SOURCE? COMMENTS
1. TION, R12W, Sec. 2 257 187 - B Terminated on “Granite"®
2. TI10N, R12W, Sec. 4 340 135 - B Terminated on “"Hard Rock®
3. TION, R12W, Sec. 4 275 175 3 B
4. TI1ON, R12W, Sec. 4 222 186 1 B " Terminated on "Hard Rock®
5. TI10N, R12W, Sec. 9 238 163 6 B Alluvium Total Depth
6. TI1ON, R12W, Sec. 10 200 87 30 B Alluvium Total Depth
7. TI1ON, R12W, Sec. 10 204 a3 35 B Alluvium Total Depth
8. TI1ON, R12W, Sec. 10 202 a3 35 B
8. TION, R12W, Sec. 10 200 92 30 B
10. TI1ON, R12W, Sec. 10 200 85 25 B
11. TI1IN, R12W, Sec. 31 350 g5 30 B
12. T1IN, R12W, Sec. 33 240 175 Fair B Yield Reported as "Fair*
13. TI11N, R12W, Sec. 33 252 190 - B Terminated in "Bedrock®
owned by California
Portiand Cement Co.
14. TION, R11W, Sec. 8 280 58 - A
15. TI1ON, R12W, Sec. 12 224 84 - A
16. TI1ON, R12W, Sec. 13 185 60 - A
17. TI10N, R12W, Sec. 20 - 107 - A
18. TI10N, R12W, Sec. 22 242 43 - A
19. TION, R13W, Sec. 19 770 317 - A
20, TI1IN, R11W, Sec. 7 414 209 - A
21. T1IN, R11W, Sec. S 422 131 - A In Alluvium
22. T11IN, R12W, Sec. 22 350 247 - A
23. T1IN, R13W, Sec. 19 430 311 - A
24. TI11IN, R13W, Sec. 29 749 307 - A In Alluvium
25. TI1IN, R13W, Sec. 36 630 280-380 - c Alluvium Total Depth
26. TI1IN, R13W, Sec. 32 300 180 - C Top 50 Feet Alluvium
27. T1IN, R12W, Sec. 32 300 - 40 c
28. T11N, R12W, Sec. 32 265 180 40 C
29, T11N, R12W, Sec. 32 - 176 - c
30. TI1IN, Ri2W, Sec. 32 245 188 - C
31. TI1IN, R12W, Sec. 22 381 255 - c Mojave P.U.D. Well
32. T1IN, RI12W, Sec. 22 348 270 - C

1Information Source

A. U.S.G.S.

B. Kern Water Agency
C. Rector (1986)
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Soledad Mountain & July 31, 1990

2.2 REGULATORY REQUIREMENTS

Groundwater monitoring requirements for Mining Waste Management Units are
governed by the California Water Resources Control Board (1984). The
regulations require that all monitoring wells be logged during drilling under
the direct supervision of a registered geclogist. The monitoring system must
be designed and certified by a registered geologist or civil engineer and must

define background water quality as well as monitored water quality at the point
of compliance.

Wells must be constructed using annular filter material around the
screened interval (sand or gravel pack) and the annular space above the screened
interval sealed to prevent surface pollution and cross-contamination of
saturated zones. The minimum depth of upper annular space seal is 20 feet below
ground surface for observation and monitoring wells, with other provisions for
shallow wells (California Department of Water Resources, 1981). The well must
be adequately developed to prevent sediment from entering the casing. Other
well construction standards for specific subsurface conditions are required by
the State of California (California Department of Water Resources, 1981).

Based on these regulations and expected subsurface conditions, the mine
water supply well will require a borehole diameter at least 4 inches greater
than the production casing. A surface seal must extend to a minimum depth of
80 feet with a nominal thickness of at least 2 inches. The sealing material can
consist of grout, bentonite, or concrete. The top of the well must extend above

ground surface or known flcod levels and prevent the entrance of foreign
material.

2.3 ALTERNATIVE WATER SOURCES

Based on a generalized map provided by AVEK, a 36-inch north-south fesder
line lies a few miles east of Soledad Mountain. The Mojave pump station is
located on that feeder just east of Standard Hill. Mr. Russ Fuller of AVEK also
indicated that they maintain a 32 million gallon reserveir ia Section 5, TION,
R12W, which appears to be approximately 1-1/2 miles east of the project site.

The Los Angeles Aqueduct passes through the area approximately S miles northwest
of the site. '

If required, water could be purchased from AVEK subject to rules and
requlations concerning supply and connections. For the Golden Queen facility
water rates are estimated at $165.00/acre-ft in 1990, $180.00/acre-ft in 1991,
and $190.00/acre-ft in 1992 (Fuller, 1989). These figures do not include

connection costs or other capital costs associated with delivery of water to the
mine.
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3.0 HYDROLOGICAL SETTING

3.1  SURFACE HYDROLOGY

The Antelope Valley is a closed basin, with surface water eventually
reaching the dry lake beds of Rosamond and Rogers Lakes located southeast of the
site. Due to the low precipitation received in the area, no rivers, streams,
or other signs of significant or regular surface water flow are seen. The
ground surface of the valley floor in the Soledad Mountain area generally slopes
from west to east. Soledad Mountain and Standard Hill protrude from the valley
floor, and form a local variation in surface water flow.

3.2 REGIONAL GEOHYDROLOGY

Water bearing rocks in the region can be divided into two broad classes:
consolidated rocks and alluvium. The consolidated rocks comprise bedrock in
the region and underlie the valley fill alluvium. The bedrock consists of a
basement complex of pre-Tertiary sedimentary, metamorphic, and igneous rock
units along with Tertiary-age voicanic and sedimentary rocks (Kunkel and
Dutcher, 1960). As is typical of predominantly crystalline rocks, groundwater

generally occurs in fractures and is limited in quantity; however, sufficient
supplies for domestic use may be present.

Alluvial deposits fill the valleys between mountain ranges and bedrock
outcrops in the region. The alluvium can be divided into a younger and an older

unit. Playa lake deposits occur locally within both the older and younger
alluvial units.

The older alluvium is the principal aquifer in the region. It fis
generally poorly consclidated to unconsolidated and is composed of sfit, sand,
gravel and boulders. Feldspars may locally be altered to clay due to
weathering. Thickness of the older alluvium may range to as much as 2,000 feet
in basin centers (Kunkel, 1962). Between Soledad mountain and the town of
Mojave, alluvium may reach 700 feet or more in thickness (Rector, 1986). The
younger alluvium is composed of lenses of fine to coarse sediment and
unconformably overlies the older alluvium and consolidated rocks. It was
deposited by intermittent streams of Pleistocene to recent age and may range up
to 100 feet thick (Kunkel, 1962). The alluvial deposits are treated as one
hydrogeologic unit, the alluvial aquifer, in this report.

Groundwater in the alluvial aquifer may locally be confined by Tlow
permeability, fine grained layers (Rector, 1986). The low permeability layers
are 1ikely the result of lacustrine and playa lake deposits or interbedded clays
in the alluvium. Although it appears surface recharge to the alluvial aquifer
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can occur throughout the basin, limited annual precipitation and the presence
of low permeability layers which inhibit downward flow probably restrict

widespread areal recharge. Basin margins and areas of thin alluvial cover are
probable recharge areas.

Scledad Mountain is in the Gloster groundwater subunit near the boundary
with the Chaffee subunit (Kunkel and Dutcher, 1960). Regional groundwater flow
is predominantly eastward across these areas, then northeast across the Muroc
Fault and down the Fremont Valley toward an evaporative sink at Koehn Lake
(Kunkel, 1962). Historic water well data for these units do naot show any long-
term downward trends  in water 1levels (Fuller, 1989 and Rector, 1886).
Therefore, it is assumed that the alluvial aquifer is not being overdrawn and
could support additional withdrawal in the area surrounding Soledad Mountain.

Water in the Chaffee and Gloster subunits is moderately mineralized.
Available data indicates that total dissolved solids in groundwater of the area
ranges from approximately 200 to 500 mg/1. The dominant anions appear to be
sulfate and bicarbonate with concentrations on the order of 100 to 200 mg/1.
Chloride concentrations are in the range of 10 to 40 mg/1. Calcium is the
predeminant cation with concentrations generally ranging from 50 to 100 mg/}
followed by sodium with concentrations on the order of 40 to S50 mg/l.
Groundwater 1in the Gloster subunit can be classified as

sadium-calcium
bicarbonate-sulfate water (Rector, 1986).

3.3 LOCAL GEGHYDROLOGY

Based on available data for the wells closest to Soledad Mountain, depth
to water ranges from approximately 90 feet to 190 feet. With the exclusion of
what are thought to be five residential wells in the Goldtown Subdivision
(Section 10, TION, R12W) east of Soledad Mountain and one well north of Soledad
Mountain (Section 31, T1IN, R12W) depth to water is predominantly on the order
of 175 to 185 feet. Well depths generally range from 200 to 350 feet.

When reported, well yields on the otder of 30 to 40 gpm are common. Mast
of the reported yields are in the wells located east of Soledad Mountain,
probably in the Goldtown Subdivision. However, two wells north of Soledad
Mountain have reported production rates of 40 gpm. Near the town of Mojave, the
Mojave Public Utilities District owns wells that have produced 500 gpm. Wells

on the western edge of Standard Hill were reported to produce 150 to 200 gpm in
the early 1960's (Rector, 1986).

The local flow system in the immediate vicinity of the site tentatively
selected for mineral processing (mill/leach pad area) is poorly defined due to
the influence of the bedrock outcrop and the absence of existing well
information on the west side of the mountain. As stated in Section 3.2, the
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deminant regional flow takes place in the alluvium in an easterly direction.
The consolidated bedrock comprising Soledad Mountain is relatively impermeable
compared to the alluvium and probably acts as a barrier to flow in the alluvial
aquifer. Therefore, the easterly groundwater flow paths in the alluvium are
disrupted on the west side of Soledad Mountain and take a more northerly or
southerly direction as groundwater flows around the bedrock barrier. This

complicates delineation of flow in the vicinity of the mine site and the
placement of monitoring wells.

A few miles north and west of Soledad Mountain, well depths and depth to
groundwater generally increase. Depths to water on the order of 200 to 300 feet

are common along with well depths of 350 to over 700 feet. Production rates
for these wells are 300 gpm or more.
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4.0 WATER SuppLY

4.1 WATER sSuUPPLY

water supply for mining operations in the area comes from wells completed
in the alluvial aquifer or from AVEX. Based on conversations with AVEK
personnel, the Standard Hill Mine obtains its water from AVEK. Shell originally
tried to obtain water from wells, but apparently could not achieve the requicéd
production rates. It is believed that the wells were most likely completed taa
clase to Standard Hill to penetrate enough of the alluvial aquifer to produce
an adequate supply of water. Water for the Middle Buttes and Shumake Mines
(west of the site) comes from nearby wells (within a mile of each mine). One

of the welys is five hundred feet desp, completad in the alluvial aquifer
(Hufford, 19890).

Alfalfa farms are located several miles south of the sits. The source of
irrigation water for these farms appears %o be exclusively wells completed in
the alluvial aquifer. Several wells have been ideatified in the immediate

Saoledad Mountain arsa, which appear to be for domestic use and of relatively low
capacity.

4.2 SOLEDAD MOUNTAIN PRCJECT SOURCES

The required water production rats for the project is expectad to be an
the order of 1000 gpm. As stated above, the consclidatad rocks outcropping and
underlying the alluvial fil11 are generally a poor source of water for all but

domestic use. The valley fill alluvial aquifer appears tc have the best
potential for substantial water producticn.

In order to achieve adequate storage and production ratss for mine use,
a2 well or wells ia the alluvial aquifer would need to be lecated a sufficient
distance from bedrock outcrops to provide adequats thickness of saturated
alluvium. Due ta limited existing well information, it is uncertain wherz there
is sufficient alluvial fill in the immediate vicinity of Soledad Mountain.

Well #25 (Table 1) and several other areas were located 1 to 1-1/2 miles
northwest of the project site in Section 36, T1IN, R13W. These wells (known as
the Gillis Wells) were drilled to depths of aver 600 feef, had {aitial

groundwater levels of roughly 300 fast, and werz pump tastad ai rates up to 750
gpm (Gaines, 19890).
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4.3 WATER SUPPLY COSTS

Preliminary estimates were made to compare costs associated with the two
most likely water supply alternatives -- purchasing water from AVEK and pumping
from a well. 1t was assumed that costs associated with water delivery from each
source to the mine site would be comparable within the framewcrk of current
expectations. The evaluation consisted mainly of the cost of well installation
and yearly pumping for groundwater development compared with AVEK connection
cost and yearly pumping and water purchase costs.

This evaluation showed that water supply costs are roughly $0.12 to $0.19
per 1000 gallons for a well approximately one mile from the mil1/heap leach site
compared with roughly $0.32 to $0.46 per 1000 gallons for a water line tied into
the AVEK system. Furthermore, a well would have to be located 10 to 20 miles
from the project to raise water supply costs up to those of AVEK. This implies
that a groundwater source could extend as far as ten miles from the mine site
and still result. in a cheaper water supply than that provided by AVEK.
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5.0 GROUNDWATER MONITORING

5.1 MONITORING REQUIREMENTS

Groundwater monitoring in the area of the tailings impoundment or heap
leach area is 1ikely to be conducted using three to four wells completed in the
alluvial aquifer. According to the guidelines discussed in Section 2.2, a
minimum of one upgradient and two downgradient wells completed in the top of
the uppermost aquifer are required. The point of compliance would be
immediately inside the nearest downgradient property line.

5.2 MONITCRING WELLS

As mentioned in Section 3.3, groundwater flow an the west side of Saledad
Mountain is 1ikely to be changing direction from the regional west-to-east
direction to a northerly or southerly direction (in order to flow around the
lower conductivity rocks that comprise Soledad Mountain). Due to the absence
of existing wells on the west side of Soledad Mountain, and the 1ikely
variations in flow directions in this area, dirsctions of flow (and upgradient

and downgradient wells) may not be established until thres of the monitoring
wells are drilled.

To compensate far this, three monitoring wells should be drilled arcund
the tailings/heap 1leach area at Jocations expected to meet monitoring
requirements. By evaluating the static water level in these wells, upgradient
and downgradient directions can be established and designatien of background and
point of compliance monitoring wells made at that time. It is possible that a
fourth well would be required if it 1is found that two wells were not
downgradient of the mill leach pad when actual flow directions are defined.

Based on information from wells on the east side of Soledad Mountain,
depth to water is estimated toc be 100 to 180 feet. Depth to bedrock on the west
side of Soledad Mountain is not clearly known. Therefore, it is possible that

monitoring wells located on the property boundaries may extend into bedrock
before reaching the top of the alluvial aquifer.
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§.0 CONCLUSIONS

Conclustions form the data collection work conducted by WWL {n 1989 and
1990 are summarized belaw.

Suitable water supply for the project is likely from cne or twe wells
completed in the basin alluvium west of Soledad Mountain.

Monitoring of a tailings impoundment or 1leach pad adjacent to the

procassing site s 1ikaly to require three ts four menitoring wells alang
the Golden Queen praperty boundaries.

Logs of existing wells in the project area are generally not available due
to Califarnia Division of Water Resourcss restrictions, and due to the
difficulty of getting a well log request from the currant well owners.

The wells in Section 36 (northwest of Soledad Mountain) that were

potential saurces for water were destroyed during earlier subdivision
development

Wells in the area arz reported %to have measurable concantrations of

arsenic, and one well on the south side of Standard Hill {s reported to
have measurable conczntrations of cyanide.

Additional {nformation about the gechydrology of the site, water supply,

and waste disposal sitz monitoring will require installation and sampling
of new wells.
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May 12, 1997

Richard W. Graeme

Goldent Queen Mining Company, Inc.
P. O. Box 820

Mojave, CA 93502-03820

Dear Mr. Graeme:

The Antelope Valley-East Kern Water Agency is 2 wholesale supplier of
imported State Water Project water for the Antelope Valley area. The
Agency operates (4) nine million gallon reservoirs containing potable
treated water for Municipal and Industrial uses. The reservoirs are in the
Mojave area southwest of the intersection of Silver Queen Road and
Freeway 14. The Golden Queen Mining Company, Inc., located west of
AVEK’s reservoir site on the north side of Soledad Mountain, is within
Agency boundaries. The Agency currently supplies water to Billiton
Corporation for their mining operation on Standard Hill to the north.

Subject 1o proper application and payment of appropriate fees, AVEK
would provide water for. use by the Golden Quesn Mining Company per
established terms and conditions. The cost of conveyance facilities from
AVEK’s reservoir site to the point of use would be Golden Queen Mining
Company’s responsibility.

Please ‘call if there are further questions ot comments.

Russell E. Fuller
Assistant General Manager
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1.0 INTRODUCTION

This report summarizes 3 months of metecrological data collected near Soledad Mountain in
the Mojave Desert of Kern County, California for Noranda Mining Corporation near a proposed open-
pit mining project known as Soledad Mountain Project. Data for this repart was collected from April
1, through June 30, 1990. This report summarizes the third quarter of the monitoring program which
began on September 29, 1989. Monitoring was performed in accordahc; with “Sampling Protocol,
Golden Queen Mine Project, Mojave, California,” (Air Sciences Inc., October, 1989). The purpose of

the monitoring was to collect dispersion meteorclogical data to be used in dispersion modeling and
to collect climatological values.

1.1 Location

The Soledad Mountain monitoring station is located on the plains west of Soledad Mountain in
the Mojave Desert of southeastern Kern County, California. The site is approximately 12 miles
northwest of Rosamond Lake and S miles south southwest of the town of Mojave. The mine pit ana
waste dumps will be located on the western side of Soledad Mountain, just east of the Mojave-
Tropico Road. The monitoring station will be located approximately one-quarter mile west of
Mojave-Tropico Road and west of the proposed pits and tailings dumps. The station will be located
on the desert plain at a lower elevation than the propased pits and dumps in an area where the
meteorological data should define the wind patterns that will carry pollutants toward residential
areas. The station will be at an approximate elevatioﬁ of 2,850 feet MSL at UTM coordinates 3,871 km
north and 389 km east (the southwest quarter of Section 1, T 10N, R 13 W). Vegetation is sparse in

this part of the Mojave Desert Basin and consists of sagebrush and widely scattered Joshua trees. The
monitoring location is shown on Figure 1.

1.2 Program Description

The parameters of wind speed, wind direction, direction deviation (sigma theta) -and

lemperature are measured and recorded at the single monitoring location. The wind parameters




FIGURE 1
GENERAL PROJECT LOCATION
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were measured by sensors mounted atop a 10-meter meteorological tower. Temperature was
measured by a sensor located in an aspirated shield at the 2-meter level on the tower,

The metecrological data are sampled every 10 seconds by a digital Data Acquisition System
{DAS) and processed and stored in 15-minute average format and as 8-hour wind speed maximum
and frequency distribution data. The DAS digitally stores sine and cosine of wind direction, wind
speed, and temperature on a time-averaged basis. The 15-minute and 8’-hour data are regularly
transferred by mail to Air Sciences Inc. (Air Sciences) for processing aﬁd' archiving. Environmentai
Protection Agency (EPA) methods are used to process the 15-minute data into hourly averages of
wind speed, wind direction, wind direction deviation (sigma theta), and temperature as suggested in
“On-Site Meteorolagical Program Guidance for Regulatory Modeling Applications,” (EPA-450/4-87-

013, Sections 6.0-6.4). Processing of the 8-hour data is performed by the DAS prior to the recording of
the data onto the salid-state memory module.

Calibrations of the monitoring equipment are performed in accordance with the sampling
protocol. Equipment calibration and audit procedures, as well as procedures used for data quality
assurance, are based on EPA guideline documentation and are fully described in the monitoring plan.

Calibrations were perfermed during the second quarter of 1990 on May 15, 1990 and records of these
calibrations are presented in Appendix A,

1.3 Data Recovery

Data recovery rates for all parameters during this quarter are presanted in Table 1. Recovery
was 81 percent for all meteorological parameters except for temperature which had a recovery rate
of 100 percent. Data recovery rates for this quarter of data collection were affected Sy an act of
vandalism that occurred on April 28, 1990 resulting in about 17 days (409 hours) of invalid wind
speed, wind direction, and wind direction deviation data. Temperature data was unaffected. The
monitoring station was repaired and wind parameter data collection resumed on May 15, 1990. The
EPA recommended average rate of recovery for metearological sampling, stated as an anaual
average, is 90 percent. For the 3 months of monitoring since station installation overall data recovery
is 94 percent for all parameters except temperature which is 100 percent.




TABLE !
DATA RECOVERY RATES
SOLEDAD MOUNTAIN PROJECT - MOJAVE, CALIFORNIA
APRIL - JUNE 1990

Quarterly Qverall

Parameter . Y% %
Wind Speed 81 94
Wind Direction 81 94 .
Sigma Theta 81 94
Temperature 100 100



2.0 METEOROLOGICAL DATA SUMMARY

The meteorofogical parameters were sampled every 10 seconds and digitally processed into 15-
minute averages. The 1S-minute averages were transmitted to Air Sciences for quality assurance
checks and to be used as input for the calculation of 1-hour averages. All summary data presented in
this section was produced by the processing of hourly averaged data into tables of summary statistics
and AIRS format tables. The metearological values of wind speed, wind direction, and temperature,

collected during the quarter are presented as hourly averages in AIRS format by month for each
parameter in Appendix 8.

2.1 Winds

The wind frequency distribution by direction and speed for all atmospheric stability classes
shown as Table 2 and Figure 2 (wind rose diagram) shows that the highest frequency of winds was
from the northwest accounting for over 41 percent of the total winds. The highest wind speeds were
also from the northwest at an average of 17.6 knots (20.2 mph). These northwesterly winds are much
higher in speed than the speeds of the other directions. The overall mean wind speed far the quarter
was a2 moderate 13.1 knots (15.1 mph). There were no calm (less than 1 knot) winds recorded. The

frequency distributions by direction and speed for each stability class, A through F, are included in
Appendix C.

Appendix D contains one table for each month of data collection and displays daily wind speed
frequency distributions (histograms). Each table contains the average daily percentages of winds in
each wind speed category for each day of the month with a maximum wind gust for the day and a
record of the time period in which the maximum wind gust occurred. Time period' 11is defined as the
hours of midnight to 8 a.m, period 2 is the hours of 8 a.m. t0 4 p.m., and period 3 equals the hours of 4
p.m. to midnight. Frequency distributions were recorded for each 8-hour time period from 10-second
wind speed data. These 8-hour histograms were processed by Air Sciences into daily average
histograms. The maximum wind gust for the quarter occurred on April 23, 1990 during time period 3
and was 62.7 mph. There were two days with high.percenlages of average wind speeds greater than

or equal to 31 mph; April 24, 1990 with nearly 46 percent and June 6, 1990 with nearly 39 percent.

Table 3 shows the frequency distribution of direction by atmospheric stability categories A

through F. Categories A through C (unstable winds) occur in the daytime and categories E and F




(stable winds) occur at night. Category O (neutral stability) winds are transitional between daytime
and nighttime conditions. Stability class was calculated by the method of Irwin (1980) which uses
wind speed, standard deviation of wind direction, and local sunrise and sunset times for determining
daytime and nighttime periods. A nighttime correction is applied to the stability class determination.
The assumed terrain mixing height was 15 centimeters. Table 3 shows that the daytime winds biew
predominately out of the south scuthwest to southwest with a secondary peak out of the northwest.
The transitional class D winds represented aver 71 percent of the total winds recorded at the site and
the majority, 40 percent, of these winds were out of one direction, no{'th:uest. Table 3 also shows

that the nighttime winds had a peak out of the south to south southwest.



FREQUENCY OF WINDS BY DIRECTION AND SPEED

TABLE 2

SOLEDAD MOUNTAIN PROJECT - MOJAVE_, CALIFORNIA

APRIL - JUNE 1990

Speed Class intervals(kts)

Direction 1,<3 3,<6 6,<10 10, <16 16, <21 >21
N 0.2 1.2 0.5 0.2 0.0 0.0
NNE 0.2 0.8 0.5 0.1 0.0 0.0
NE 0.2 Q.7 Q.8 0.0 0.0 0.0
ENE 0.3 0.2 1.2 0.2 0.0 a.0
[ 0.4 0.3 0.5 0.2 0.0 0.0
ESE 0.2 0.6 0.3 0.1 0.0 0.0
SE 0.1 0.7 0.2 0.0 0.0 0.0
SSE 0.2 1.5 0.2 Q.1 0.0 0.0
) 0.3 23 0.7 Q.2 0.0 0.0
SSwW 0.3 1.5 2.8 3.0 1.4 0.3
Sw 0.1 1.4 2.5 4.6 1.1 0.3
wsw 0.0 0.6 1.9 1.1 0.2 0.0
w 0.1 Q.8 1.6 1.1 0.2 0.0
WNW 0.0 Q.5 1.9 5.0 2.4 0.9

‘NW o.1 0.3 2.5 12.8 16.5 10.3
NNW 0.2 0.5 1.2 1.3 0.2 0.2
All 2.9 14.0 19.3 29.9 21.8 12.0
Caim {less thanoneknot} = 0.0%

Period mean wind speed = 13.1knots
TABLE3

Direction

N
NNE
NE
ENE

- E
ESE
SE
SSE
S
ssw
sw
wsw
w
WNW
Nw
NNW

All

Calm (less than one knot) =

All
2.1
1.5
1.8
1.9
1.5
1.1
1.1
1.9
3.5
9.2

10.1
3.8
38

10.6

42.5
3.5

100.0

FREQUENCY OF WINDS BY DIRECTION AND STABILITY
SOLEDAD MOUNTAIN PROJECT - MOJAVE, CALIFORNIA

A
0.4
0.2
0.6
03
Q.3
0.6
0.7
0.5
0.5
0.2
0.7
03
0.3
0.2
0.1
0.1

6.0

B
0.1
0.2
0.6
0.5
0.4
0.2
0.3
0.1
0.5
0.6
0.4
0.2
0.1
0.1
0.3
0.3

4.7

APRIL - JUNE 1990

c
0.1
0.1
0.2
0.8
0.2
0.1
0.0
0.1
0.3
1.2
0.8
0.4
0.5
0.4
1.5
0.6

7.2

0.0%

B
0.5

03 -

0.1
0.1
0.2
0.1
0.0
0.3
0.4
5.9
7.3
23
2.2
8.5
40.3
2.2

71.6

E
0.2
0.2
0.0
0.0
0.0
0.1
0.0
0.2
0.5
0.2
0.4
0.3
0.2
0.2
0.1
0.0

2.6

0.8
0.5
0.3
0.2
0.4
0.2
0.1
0.7
1.5
1.1
0.5
0.2
0.6
0.2
0.2
0.4

7.9

Mean
Speed
5.8
S.1
5.4
7.1
6.0
5.3
4.9
4.7
5.2
10.9
11.4
9.3
9.0
13.9
17.6
10.4

13.1

4
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10.6
425
3.6

100.0
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2.2 Temperature

Temperature data summaries are presented in Table 4. Average temperature for the data
collection period was 19.9 °C (67.8 °F). The coldest month of the period was April and the warmest

was june. The minimum temperature recorded was 6.9 °C (44.4 °F) and the maximum was 37.9 °C
(100.2°F). |

TABLE4 .
MONTHLY TEMPERATURE MEANS AND EXTREMES
SOLEDAD MOUNTAIN PROJECT - MOJAVE, CALIFORNIA
APRIL - JUNE 1990

(*Q
Average Average

Daily Daily Daily Monthly Monthly

Month Maximum Minimum  Average Maximum Minimum
APR 22.6 11.3 16.8 30.8 6.9
MAY 24.6 11.8 18.4 33.5 7.0
JUN 31.5 17.7 245 37.9 7.7
QTR 26.2 13.6 19.9 379 6.9




APPENDIX A

Calibration Records



WIND SPEED CALIBRATION
CAMPBELL SCIENTIFIC LOGGER

Sensor ModelNo: & Client : Caden (ucen M;«mb .

Sensor Serial No JobNo: <&&Z-—_

Sensor Height [0 _an Site SS\M
LoggerSer.No. :  £52Qz_ Date < 15-9p
Name : DNiv~ K= Time 13 e

[. SYSTEM INSPECTION

PASS FAIL

Bearings e~

Cable el

Cups e

{{. SYSTEM LINEARITY CHECK
Input Frequency Target 21X Reading
{Hz) (mPx) (o)

. @ (-2 1.0
2. 3.01 L. Y .4
3_4. 63 9.z 3.3
4. 77,37 (4.2 R~ P
5.
6.
7.
8.
9.
10.

Target (mph) = (Hz x 1.7838) + 1.0
Target (m/s) = (Hz x 0.798) + 0.447

Comments:

Signature __ Noo Ao
——
AIR SCIENCES INC. /87




WIND DIRECTION CALIBRATION
CAMPBELL SCIENTIFIC LOGGER

Sensor Model No: oy x|

Client :_(Z\deq E:) con Minens
Sensor Serial No JobNo: -y =
Sensor Height ¢ JO Site 4.\
LoggerSer.No. : <92 Date L £5-15-190
Time : J 15 Name : °X

b \‘4"\ L\\\I\Q
-

. SYSTEM INSPECTION

PASS FAIL
Bearings PAPPE)
Cable Ad~<r)
Vane e
{l. SYSTEM LINEARITY CHECK
Target | 21X Reading
Orientation (dearees) (dearees)
1. Vane %0 <3.0
Tail 23%.0 233 N
2. Vane 20% 0 Z209.0
Tail { Z%.0 [(27.4
3.  Vane 2%2.5 2%%%
Tail
4, Vane {55 443
Tail
S. Vane
Tail
6. Vane
Tail

Commeﬂ‘ls: b{(\\‘[\o\\v\'ﬁf\ v <L§ bec_\f F&c\%-

Leaont DeLe = O.J\RIR
écjr 6<_('=.\-J = /’7%.‘%

Signature //A. /5(__



TEMPERATURE CALIBRATION
CAMPBELL SCIENTIFIC CR10 LOGGER

Sensor Model No: 1077 Cient © (A ANCa Von MQ‘“‘“‘?-
Sensor Serial No - e JjobNo: g -—_-\
Sensor Height {M Site ¢ S\ e\ .
LoggerSer.No. £ 297 Date : £ —~445-Gp
Name © Nowm Voo s Time /)70 — ;= .00
I. SYSTEM INSPECTION
PASS FAIL
Radiation Shield v/
Cable Ader)

. SYSTEM PSYCHROMETER CHECK

Psychrometer ()
Measured Corrected

[ (.9

(15

9.3

722.¥X

yANR=

2Z. (.

Z3.\

W O N & Wn bW N

-—d
o

Average

" Comments:

CR10 Reading

(degrees)

Signature .A

/7

— v

38

-

AWINC U $108 A azie o 108
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APPENDIX B
AIRS Tables
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APPENDIX C
Frequency Distributions by Direction and Speed
‘For Each Stability Class
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FREQUENCY OF WINOS BY DIRECTION AND SPEED
FOR STABILITY CLASS ‘A’

SGLEDAD HOUNTAIN PROJECT - KOJAVE, CALIFORNIA

Speed Class Intervals(kts)

Hean
Direction 1,<3 3,¢6 6,¢<18 18,<18 16,21 H»21 all

Speed

L

[~~]
[

8.8 6.6 8 8.8 2.8 9.9 6.6 4.7
¥RE 4.8 3.8 9.8 8.8 9.9 9.¢ 3.8 4.8
KE 8.9 9.4 8.9 8.8 98¢ 0.8 18.4 4.6
EXE 8.9 3.8 8.9 g.8 8.9 9.9 4.1 4.4
E .8 5.7 8.8 9.8 9.8 9.9 5.7 4.4
ESE 8.9 8.5 8.¢ .8 98.¢ 9.9 9.4 4.3
SE 8.9 18.4 8.9 8.4 8.8 8.8 11.3 4.4
SSE 6.9 7.5 6.9 g.8 4.8 9.8 8.5 4.4
S 6.9 6.6 8.9 g.8 9.8 9.8 7.5 4.6
SSH 4.8 3.8 8.9 g.8 8.2 9.9 3.8 5.2
SH 8.9 18.4 8.9 6.6 8.2 @.8 1.3 4.7
HsH a.6 4.7 8.8 .8 @8.4 0.8 - 4.7 5.4
! 8.8 5.7 8.9 8.8 8.9 9.9 5.7 5.2
HRR 6.8 3.8 8.9 8.8 9.9 9.8 3.8 5.2
NR 6.8 1.9 6.9 8.8 9.8 8.9 1.9 5.5 -
KA .4  a.9 6.0 8.8 8.8 9.8 8.9 5.4
all 6.6 93.4 8.9 g.2 8.8 9.9 198.9 4.7

Calm (less than one knot) = @.8%
Period mean wind speed = 4.7 knats
Percent occurrance for 'A' stability class(es} 6.8%

-

AIR SCIENCES IXC.
SBUIND{1.2) 08/91/9@




FREQUENCY OF WINDS BY DIRECTION AND SPEED
FOR STABILITY CLASS 'B'

SOLEDAD HOUNTAIN PROJECT - MOJAVE, CALIFGRNIA

Speed Class Intervals(kts)

Hean
Direction 1,<3 3,6 6,¢<18 18,<16 16,¢21 »21 a1l Speed
N 8.9 4.8 2.4 8.8 4.4 8.9 2.4 6.4
NNE 8.0 2.4 2.4 8.9 8.8 8.9 4.8 5.9
NE 2.8 2.8 11.9 9.9 2.9 0.8 11.9 6.5
ENE 6.8  ¢.9 18.7 2.9 8.9 8.9 18.7 6.7
E 8.8 6.9 8.3 9.9 9.9 9.8 8.3 6.6
ESE 8.9 1.2 2.4 8.9 8.4 9.9 3.6 6.4
SE 2.8 1.2 4.8 8.8 8.9 2.8 6.9 6.8
SSE 9.8 9.8 2.4 8.9 8.4 8.9 2.4 6.5
S 8.8 2.4 1.1 8.6 @.2 8.8 9.5 6.6
SSH g.6 1.2 18.7 8.8 8.8 8.9 11.9 6.9
SH 8.8 3.5 4.3 0.8 9.9 8.8 8.3 6.2
WSR 8.9 9.3 4.8 4.8 9.8 8.9 . 4.8 7.9
0 2.8 4.8 2.4 8.8 8.9 8.8 2.4 7.1
QN 9.9 9.8 1.2 8.8 8.9 8.8 1.2 7.6
Nu 8.8 a.8 6.9 8.9 8.9 8.9 6.9 7.8
HRY 8.8 1.2 4.8 9.8 8.9 8.8 6.9 6.4
all 8.8 13.1 86.9 2.8 8.9 8.8 160.9 6.6

Cala (less than one knot) = 8.8%
Period mean wind speed = 6.6 knots
Percent occurrance for 'B* stability class(es) 4.73

RIR SCIEXCES IXC.

SBHIND(1.2)

68/91/99



FREQUENCY OF HINDS B8Y DIRECTION AND SPEED

FOR STABILITY CLass ‘C’

SGLEDAD HOUNTAIX PROJECT - HOJAVE, CALIFORNIA

Speed Class Intervals(kts)

Hean
Direction 1,¢3 3,<6 6,<18 18,<16 16,<21 2 All  Speed
N 8.4 9.9 8.8 8.8 8.9 8.8 1.6 9.4
NME 2.9 9.8 8.8 g.8 6.8 9.9 1.6 5.2
NE 8.8 9.8 2.4 8.8 8.8 9.8 2.4 7.5
EXE 9.8 0.9 9.4 1.6 6.9 8.9 11.9 9.4
E 2.8 9.8 1.6 9.8 9.8 9.8 2.4 9.3
ESE 8.8 9.9 1.6 8.8 9.8 8.9 1.6 8.3
St g.a 4.2 8.8 4.9 9.8 9.9 8.9 9.8
SSE 0.9 8.8 9.8 0.6 8.3 9.9 8.8 8.8
y S 8.8 1.6 1.6 g.8 8.8 6.9 3.9 7.5
SSH 4.6 9.6 11.9 6.3 8.8 8.8 173 9.5
SH 9.6 4.9 7.1 3.9 4.8 8.8 11.9 9.6
Asq 9.8 9.9 3.1 2.4 9.8 9.8 . 5.9 9.7
f 2.8 9.9 4.7 1.6 8.6 4.8 6.3 9.9
Hid 8.8 9.8 2.4 2.4 8.9 2.8 8.5 8.4
KM 8.6 8.8 12.6 7.9 8.9 8.8 28.5 9.8 .
NNH 6.9 8.8 -3.9 4.7 8.9 8.9 8.7 9.9
All 9.8 3.1 3.8 33.17 8.8 9.8 168.9 9.4
Caln {less than one knot) = 9.8%
Beriod mean wind speed = 9.4 knots
Percent occurrance for 'C' stability class(es} 7.23%

SBR

RIR SCIENCES IKC.

IND(1.2)

88/81/98
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FREQUENCY OF WINDS BY DIRECTION AND SPEED
FOR STABILITY CLASS 'D’

SOLEDRD HOUNTAIN PROJECT - HOJAVE, CALIFORNIA

Speed Class Intervals(kts)

Yean
Direction 1,<3 3,¢6 6,<18 18,¢<16 16,<21 >21 All  Speed
X 8.8 4.2 8.3 8.2 8.8 8.8 8.7 8.5
NNE 8.0 4.9 8.3 8.1 8.9 9.9 8.4 1.7
NE 6.6 9.9 8.2 8.8 9.8 8.8 8.2 7.9
ENE 8.4 8.9 6.9 8.1 9.4 8.8 8.1 1.7
E 8.8 9.8 8.8 8.2 9.8 4.9 8.2 12.7
ESE 8.9 @.@ 9.8 8.1 4.8 4.0 8.1 13.8
SE 8.4 9.9 8.9 8.6 8.4 9.8 2.8 8.8
SSE 8.8 8.3 6.9 8.1 9.9 9.9 8.4 6.5
S 8.8 9.2 8.2 8.2 8.8 4.8 8.6 7.5
SSH 8.8 8.3 2.9 3.6 1.9 e8¢ 8.2 13.5
SR 8.8 8.1 2.1 6.1 1.5 8.5, 10.2 13.2
USH 8.8 4.2 1.5 1.3 83 6.8 . 3.2 198.9
q 8.8 9.8 1.5 1.3 8.2 6.8 3.1 18.8
ANR 8.8 9.9 2.9 6.7 3.4 13 13.3 14.7
b 8.1 o.9 1.7 17.2 3.8 144 563 18.1 .
NN 8.8 8.2 8.9 1.3 8.3 8.2 3.1 12.4
Rll 8.1 1.4 12,7 38.4 38.6 -16.8 109.9 15.8

Cala (less than one kmot) = 9.0%
Period sean wind speed = 15.9 knots
Percent occurrance for D' stability class(es) 71.6%

AIR SCIEHCES INC.
SBHIND(1.2) 98/81/98



Direction 1,¢3

Speed Class Intervals(kts)

FREQUENCY OF WIKDS BY DIRECTION AND SPEED
FOR STABILITY CLASS 'E’

SOLEDAD HOUNTAIN PROJECT - HOJAVE, CALIFORNIA

6,<18 18,<16 »21 all
X 2.8 4.3 4.3 7.4 4.8 4.9 8.7 6.2
NNE 2.2 2.2 2.2 8.9 9.3 9.9 8.9 5.2
NE 8.8 9.8 8.9 4.4 9.4 6.9 8.8 8.9
EXE 8.9 4.8 2.8 8.8 9.9 9.8 8.9 9.9
E 8.8 9.9 9.4 9.9 8.8 4.9 8.4 8.9
ESE 9.6 9.9 2.2 8.6 8.9 9.9 2.2 6.9
SE 9.8 9.8 8.8 9.4 8.9 8.9 8.8 8.8
SSE 9.8 8.7 8.9 8.9 9.9 8.9 8.7 3.9
S 9.8 13.8 4.3 9.8 8.8 8.9 17.4 5.4
SSR 8.8 6.5 2.2 9.9 9.9 9.9 8.7 5.5
SH 8.8 4.3  10.9 8.9 8.9 3.8 15.2 6.3
Qsy 8.8 8.8  13.9 ¢.8 9.9 8.8  13.8 6.4
] 6.8 2.2 4.3 8.8 9.8 9.8 8.5 8.
WNH 8.9 0.9 8.7 8.4 6.9 9.9 8.7 6.
{2} 8.9 9.8 4.3 9.6 9.9 8.9 4.3 6.
XNR 8.8 8.8 8.9 8.8 6.9 8.9 8.8 8.
all 2.2 413 56.% 8.8 9.9 8.8 188.4 5

Cala (less than one knot) = 8.83%
Period mean wind speed = S.8 knots

Percent occurrance for 'E' stability class(es)

AIR SCIEHCES INC.
SBRIND(1.2)

ooV




FREQUENCY OF RINDS BY DIRECTION AND SPEED
FOR STABILITY CLASS 'F'

SOLEDAD HOUNTAIN PROJECT - HOJAVE, CALIFORNIA

_ Speed Class Intervals(kts) " Hean

Direction 1,<3 3,<6 6,<18 18,<16 16,<21 >21 all  Speed

| 2.1 7.8 0.8 8.9 8.8 8.8 = 9.9 3.9

- RNE 2.1 4.3 9.4 9.9 8.9 8.9 6.4 3.9
KE 24 2.1 9.9 8.9 8.9 8.9 4.3 3.2

EXE Z.8 8.2 8.9 2.9 2.9 8.8 2.8 2.4

— E’ 5.8 8.9 9.9 9.9 8.9 8.9 5.9 2.5
ESE 24 9.9 0.9 9.9 9.9 8.9 2.1 2.1

SE 8.7 8.7 8.8 9.8 8.8 8.9 1.4 3.8

SSE 24 7.1 9.8 9.4 8.9 8.8 9.2 3.8

- S 2.8 15.% 8.8 8.8 2.8 9.9 18.4 3.7
SsH 4.3 9.9 2.8 8.2 8.0 8.4 14.2 3.6

SR 8.7 5.7 8.8 9.8 8.9 9.9 6.4 41

- AsA 2.9 2.8 9.9 8.9 2.9 9.9 2.8 4.8
! 1.4 5.7 9.9 8.9 8.9 8.8 " 1.1 4.3

. WY 8.9 2.1 8.9 8.8 8.8 9.9 2.1 4.1

_ MR 8.4 2.8 g.q e.9 8.9 9.9 2.8 4.1
LR 2.1 2.8 8.4 2.8 9.8 2.9 5.9 3.8

. All 3.5 69.8 4.9 8.8 8.9 8.9 108.9 3.7

Cala {less than one knot) = 6.8%
Period mean aind speed = 3.7 knots
- Percent occurrance for 'E' stability class{es) 7.9%

.

RIR SCIENCES IKC.
SBHIKD(1.2) 98/81/98






APPENDIX D
Wind Speed Frequency Distributions
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. AVERAGE FREQUENCY DISTRIBUTION OF WIND SPEEDS
SOLEDAD HOUNTAIN PROJECT - HOJAVE, CALIFORNIA
HAY 1990
(%)
Hind Speed Intervals (aph)
— Hax
>=18 , »=13, =16, =19, =22, =25, =28, Gust Tige
- Day <18 <13 <16 <19 < 22 <25 <28 <3 »>=31  (wph) Period
1 x xx X t + 4 x b+ 4 X X oo X 22X b+ 4
2 X . EX x X xx b+ 4 X xx X X zX
3 xx XX xx b+ 4 b & 4 X . XX x =X X x
4 X k4 4 p & 4 X X xx Xz X X xx XX
s b 24 zxzx - b 4 4 zX xXx X b $ 4 x E+ 4 X X
5 = b £ 4 =X X b & 4 xx X X b &4 b4 4 XX
7 X xx = X P ¢+ 4 X b+ 4 x X b4 4 X
8 X b & 4 XX xx X =X b+ 4 X X b+ 4 b ¢4
- 9 X zz X X x X . xx xx xx xxx X
1 8 E+4 xx xx xx xx X X X zx X xx
1 1 XX X b+ 4 b $ 4 XX x b & 4 X b ¢ 4 P+ 4 X
a— 12 xx b + 4 xx b4 4 =x X xx X £x X X
13 X E &4 X X X b + 4 X xx = b+ 4 b & 4
1 4 X X b+ 4 zx b & 4 X X b + 4 X zX X
. 15 41.7 2.8 3.6 6.6 11.1 13.7 1.2 7.1 2.4 37.9 3
. % 629 14.8 1184 7.4 2.9 11 6.2 8.8 6.8 28.8 - 1
17 347 18.9  17.8  28.1  12.5 4.9 2.7 8.1 9.8 33.8 3
18 21.7  18.8 3.2 28.4 10.8 3.7 1.1 8.3 g.e 32.9 2
19 18.1 7.9 1.5 15,6 17.5 15.6 9.3 3.7 8.8  36.6 1
8 - 2.6 6.4 141 28.8 2.4 19.8  18.6 3.9 11 39.6 1
21 29.6 15.8 15,9 17.5 127 5.9 2.3 8.8 8.3 33.8 1
- 22 57.3 16.9 14.5 8.7 2.4 8.2 8.8 8.8 6.8 27.3 3
23 31.6 1.7 7.8  18.1 1.5 1M.2 8.7 6.9 45 48.2 3
24 8.4 1.4 3.8 19.9 2¢8.6 25.1  28.5  12.7 5.1 38.6 1
- 25 12.1 13.1 16.6 21.1 19.4  12.8 4.9 8.8 8.1 33.8 1
- 26 379 13.2 13.7 0 141 124 6.8 1.8 8.2 8.8 33.8 2
27 17.4 18.8 18.8 18.2 15.8 16.3 2.2 8.2 8.8 29.8 2
28 15.5 16.4 12.8 13,8 15.5 13.8 8.3 4.4 1.9  38.8 2
— 29 9.8 3.1 8.4 16.3 22.9 24.8  15.¢9 6.5 2.8 37.8 3
38 8.1 7.8 13.8 28.5 19.3  16.5 9.3 4.8 8.8 3.2 3
) 20.3 7.8 7.4  11.7  15.6 15.8  11.8 7.4 3.8 39.6 2

All* 243 1.7 125 148 1.4 117 6.9 3.5 1.3 48.2 3

* A1l data on this line are monthly averages of the daily values except for maximum gust

and time period which are the maximum gust recorded during the sonth and the time period
of that qust.

** Iovalid or missing data
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1.0 INTRODUCTION

. This report summarizes three months of meteorological data collected near Soledad Mountain
in the Mojave Desert of Kern County, California for Noranda Mining Corporation. The monitoring
station is near a proposed c;pen-pit mining project known as the Scledad Mountain Project. Data for
this report were collected from October 1, 1989 through December 31, 1989. This report summarizes
the first quarter of the monitoring program which began on September 2?, 1983. Monitaoring was
performed in accardance with "Sampling Pratocol, Golden Queen Mine ?rojéct. Mojave, California,”
{Air Sciences Inc.,, October, 1989). The purpose of the monitoring was o collect dispersian

metesrological data to be used in dispersion modeling and to collect climatolcgical data.

1.1 Location

The Scledad Mountain monitaring station is located on the plains west of Soledad Mountainin
the Mojave Desert of southeastern Kem County, California. The site is approximately 12 miles NW aof
Rosamond Lake and S miles SSW of the town of Mojave. The mine pit, waste dumps and procassing
are expected to be located on the western side of Scledad Mountain, just east of the Mojave-Tropico
Road. The monitoring station is located approximately one-quarter miie west of Mojave-Tropice
Road on the desert piain in an area where the meteorological data shouid define the wind patterns
that will carry pollutants toward residential areas. The station will be at an approximate elevation of
2,850" MSL at UTM coardinates 3,871 km north and 389 km east (the southwest quarter of Section 1, T

10 N, R 13 W). Vegetation is sparse in this part of the Mojave Desert Basin and consists of sagebrush
and widely scattered Joshua trees. The monitoring location is shown on Figure 1.




FIGURE 1
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1.2 Program Description

The parameters of wind speed, wind direction, direction deviation (sigma theta) and
temperature are measured and recarded at the monitoring station. The wind parameters are

measured by sensors mounted on top a 10-meter meteoraiogical tower.,

Temperature is measured by
3 sensor located in an aspirated shield at the 2-meter leve! on the tower.

The meteorolagical data are sampled every 10 seconds by a digital Data Acquisition System

(DAS) and processed and stored in 1S-minute average format and as 8-hour wind speed maximum

and frequency distribution data. The DAS digitally stores sine and cosine of wind direction, wind

speed and temperature on 3 time-averaged basis. The 15-minute and 8-hour data, recorded on a

solid-state memoary module, are regularly transferred by mail to Air Sciences lac. (Air Sciences) for

processing and archiving. EPA methods are used to process the 15-minute data into hourly averages
aof wind speed, wind direction, wind direction deviation (sigma theta), and temperature as suggested

in "On-Site Meteorological Program Guidance for Regulatory Madeling Applications,” (EPA-450/4-87-

013, Sections 6.0-6.4). Pracessing of the 8-hour data is performed by the DAS prior to the recording of

the data ento the solid-state memory module.

Calibrations of the monitoring equipment were

performed in accordance with the samgpling
protacal.

Equipment calibration, audit and data quality assurance procedures are based on EPA
guideline documentation and are fully described in the monitoring plan. Copies of the calibrations
performed subsequent to the installation are located in Agpendix A.

1.3 Data Recovery

Data recovery rates for all parameters are presented in Table 1. Recovery was 100 percent for

all meteorological parameters. Data recovery rates for this first quarter of data collection exceeded

the minimum EPA recommended annual average rate of recovery for metecralogical sampling of 90
percent.

TABLE 1
DATA RECOVERY
BParameter Percent
Wind Speed 100
Wind Direction 100
Sigma Theta 100
Temperature 100




2.0 METEOROLOGICAL DATA SUMMARY

The meteorological parameters were sampled on site every 10 seconds and digitally processed
into 15-minute averages. The 1S-minute averages were transmitted to Air Sciences for quality
assurance checks and to be used as input for the calculation of 1-hour averages. All summary data

presented in this section was produced by the processing of hourly averaged data intoc tables of

summary statistics and SAROAD formatted tables. The metecrciogical values of wind speed, wind

direction and temperature, collected during the quarter, are presented as hgur{y averages in SARQAD
format by manth for each parameter in Apgendix 8.

2.1 Winds

The wind frequency distribution by direction and speed for all atmospheric stability classes
shown as Figure 2 and Table 2, shows that the highest frequency of winds were fram the narth (NW
through ENE). These northerly winds accounted for over 63 percent of the total winds. The highest
wind speed was from the northwest at an average of 12.2 knots (14.0 mph). All other winds were
much lower in speed as shown by the overall wind speed for all directions of 6.8 knots (7.8 mph). The

frequency distributions by direction and speed for stability classes A through F are included in
Apgendix C

Appendix D contains one table for each month of data collection and displays wind speed
frequency distributions (histograms). Each table contains the average daily percentages of winds in
each wind speed category for each day of the month with a maximunt wind gust for the day and 3
record of the time period in which the maximum wind gust occurred. Time period 1 is defined as the
hours of midnight to 8 a.m., period 2 is the hours of 8 a.m. to 4 p.m., and period 3 equals the hours of
4 p.m. to midnight. Frequency distributions were recarded for each 8-hour time period from 10-
second wind speed data. These 8-hour histograms were processed by Air Sciences into daily average

histograms. The maximum wind gust for the quarter occurred on QOctober 25 during time periad 3
and was 50.6 mph.
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TABLE2
FREQUENCY OF WINDS BY DIRECTION AND SPEED
SOLEDAD MOUNTAIN PROJECT - MOJAVE, CALIFORNIA
OCTOBER - DECEMBER 1989

Speed Class Intervals{kts)

Mean
Direction 1.<3 3,<6 6<10 10<16 16,<21 >21 All  Soeed
N 3.3 33 3.6 0.1 0.0 0.0 11.0 4.8
NNE 2.4 34 2.7 0.1 0.0 0.0 8.7 49
NE ~ 1.9 29 3.7 0.5 0.1 0.0 9.1 5.9
ENE 1.0 1.9 5.1 1.6 0.0 0.0 9.6 7.2
E 1.0 0.8 0.3 0.3 ¢.0 0.0 2.4 4.8
ESE 0.9 0.6 0.1 0.0 0.0 0.0 1.6 3.0
SE 1.1 0.7 0.0 0.0 0.0 0.0 1.8 3.0
SSE 1.2 23 0.0 0.0 0.0 0.0 35 33
S 1.2 2.5 0.8 0.0 0.0 0.0 4.6 4.3
SSw 1 1.3 1.8 1.4 0.5 0.1 6.2 8.3
SwW 0.8 1.1 1.0 1.1 0.4 0.0 4.4 8.4
Wsw 0.8 0.8 0.7 0.1 0.0 a.0 2.3 4.7
w 1.4 0.8 0.9 0.3 0.0 6.0 33 4.9
WHNW 1.8 1.0 1.0 1.6 0.6 0.2 6.3 8.4
NW 34 1.5 1.1 4.1 3.9 1.7 15.7 12.2
NNW 3.2 34 1.8 0.7 03 0.1 9.3 5.4
All 26.4 28.6 246 12.0 5.9 22 99.7 6.8
Calm (lessthanoneknot) = 0.3%
Period meanwind speed = 6.8knots

TABLE3
FREQUENCY OF WINDS 8Y DIRECTION AND STABILITY
SOLEDAD MOUNTAIN PROJECT - MOJAVE, CALIFORNIA
OCTOBER - DECEMBER 1989

Direction A B [« o} E £ All
N 0.4 0.2 0.2 2.4 3.6 42 11.0
NNE 0.7 0.2 0.8 2.7 1.1 3.2 8.7
NE 1.9 1.2 1.2 2.5 0.4 1.9 9.2
ENE 1.6 2.3 2.5 2.0 0.1 1.2 8.7
g 1.0 0.0 0.1 0.4 0.1 0.7 2.4
ESE 0.7 0.0 0.0 0.0 0.0 0.8 1.6
SE 0.8 0.1 0.0 0.0 0.1 0.7 1.8
SSE 1.2 0.3 0.1 0.3 0.2 1.4 3.5
S 1.1 03 05 0.6 0.6 1.4 4.6
SSwW 0.9 03 0.5 2.9 0.3 1.3 8.2
sw 0.4 0.0 0.0 25 Q.0 1.4 44
WsSwW 0.1 0.0 0.0 0.5 0.4 1.3 23
w 0.2 0.0 0.0 0.9 0.3 1.8 3.3
WNW 0.1 0.0 0.0 3.2 0.5 23 6.2
NW 0.5 0.0 0.1 10.8 0.4 3.8 15.7
NNW 0.3 0.0 0.0 2.9 1.4 4.7 9.3
All 12.1 s.1 6.2 34.8 .4 32 99.7



Table 3 shows the frequency distribution by atmospheric stability categories A through F. .
Categories A through D occur in the daytime and categories D through f accur at night. Stability class
was calculated by the method of lrwin (1980) which uses wind speed, standard deviation of wind
direction and locai sunrise and sunset times for determining daytime and nighttime periods. A
nighttime correction is applied to the stability class determination. The assumed terrain mixing

height was 15 centimeters. Table 3 shows that both daytime and nighttime winds were
predominately out of the north (NW through ENE). .




2.2Temperature

Temperature data summaries are presented in Table 4. Average temperature for the data
collection period was 8.9 °C (48.0 °F). The coldest month of the period was January and the warmest

was March. The minimum temperature recorded was -7.6 °C (18.3 °F) and the maximum was 28.4 °C
(83.1°F).

TABLE4
MONTHLY TEMPERATURE MEANS AND EXTREMES (°C)
SOLEDAD MOUNTAIN PROJECT - MOJAVE, CALIFORNIA
JANUARY - MARCH 1990

Average Average

Daily Daily Daily Monthly Monthly

Month Maximum Minimum Average Maximum Minimum
JAN 13.1 0.2 6.3 20.8 -7.6
FEB 13.6 0.7 7.1 23.1 -5.0
MAR 19.5 7.4 12.9 28.4 . -0.2
QTR 15.4 2.8 8.9 28.4 -7.6






APPENDIX A

AIRS TABLES
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APPENDIX B

FREQUENCY DISTRIBUTIONS
BY DIRECTION AND SPEED



FREQUENCY QF WINOS BY DIRECTION AND SPEED
FOR STABLLITY CLASS ‘A’
SOLEDAD HOUNTAIN PROJECT - HOJAVE, CALIFORNIA
JANURRY - HRRCH 1994

Speed Class Intervals(kts)

Hean
Directian 1,<3 3,<6 6,¢18 18,<16 16,<21 >21 All  Speed
X 8.8 1.9 8.9 2.9 9.9 8.8 1.0 4.7
NNE 1.9 6.9 8.4 8.9 9.9 8.0 1.5 4.8
NE 1.5 124 8.9 8.9 8.9 8.8 13.9 4.4
ENE 2.3 19.¢ 8.9 0.9 a.9 8.9 12.4 4.1
E 1.5 S.8 8.9 6.9 9.9 9.9 6.5 3.8
ESE 2.5 5.9 8.9 .8 9.8 8.8 7.5 3.8
SE 3.5 6.5 8.9 0.8 9.8 8.8 18.9 3.5
SSE 5.5 1.9 8.8 9.4 8.9 9.8 17.4 3.6
S 2.8 18.4 6.8 9.4 6.8 9.8 12.4 4.1
SSH 1.6 7.8 a.8 8.8 @8.8 a.8 8.8 4.6
SH 8.0 1.5 9.8 8.4 8.8 9.8 1.9 4.8
A 6.5 4d.8 8.9 8.6 8.8 9.9 8.5 1.6
4! 8.8 8.5 8.9 8.6 9.9 9.9 4.5 8.2
4118 8.9 8.5 9.8 9.4 8.9 8.9 8.3 5.4
L) 8.9 8.5 8.9 8.9 9.8 8.8 8.5 3.3
NHH 8.8 8.8 8.8 8.9 8.8 8.4 8.8 8.8
all 219 78.1 8.9 8.9 6.8 9.8 189.0 3.9

Cala (less than one kaot) = 8.83%
Period mean aind speed = 3.9 knots
Percent occurrance for ‘A' stability class(es) 9.3%

RIR SCIENCES INC.
SBAIND(1.2) 84/12/98




FREQUENCY OF WINDS 8Y DIRECTION AND SPEED
FOR STABILITY CLASS 'B'
SOLEDAD HOUNTAIN PROJECT - MGJAVE, CALIFORNIA
JANUARY - HARCH 1999

Speed Class Intervals(kts)

Hean
Direction 1,¢3 3,¢6 6,¢<18 18,<16 16,<21 21 ALl Speed
X 8.8 1.1 3.3 8.8 8.8 8.8 4.3 6.7
KNE 4.9 8.9 2.2 8.8 8.4 8.8 2.2 8.1
NE 1.1 6.5 5.4 9.9 8.9 4.8 13.8 5.5
ENE 4.9 6.5 18.2 9.8 8.8 9.4 217 6.2
E 8.9 9.8 4.3 9.8 8.8 4.9 4.3 6.7
ESE 8.9 8.9 1.1 8.9 8.8 é.4 1.1 6.8
SE 1.1 4.3 2.2 8.8 8.9 8.8 7.6 4.9
SSE 4.9 2.2 6.4 8.9 8.9 8.8 2.2 4.9
S 1.1 5.4 6.5 8.9 8.8 2.9 13.8 8.7
SSH 9.8 2.2 8.7 8.9 2.9 8.9 19.9 8.7
SH 8.9 8.4 4.3 8.8 8.8 8.8 4.3 6.9
usH 2.9 1.1 8.5 8.8 8.9 8.8 1.6 8.5
q 9.8 8.8 8.9 9.9 8.8 8.8 - 9.8 9.9
AN 8.q é.4 4.9 8.9 2.9 8.9 2.9 2.4
N 8.9 8.9 6.5 2.9 8.8 8.8 6.5 6.9
N¥d 9.9 8.4 1.1 8.9 8.8 8.9 141 1.8
all 3.3 283 67.4 9.9 8.8 8.8 1@d.8 6.1

Cala (less than one knot) = 9.8%
Period mean wind speed = 6.1 knots
Percent occurrance for ‘8" stability class{es} 4.3%

AIR SCIENCES INC.
SBRIND(1.2) ©4/12/9@



FREQUENCY OF WINDS BY DIRECTION AND SPEED
FOR STABILITY CLASS 'C’
SOLEDAD HOUNTAIN PROJECT - HOJAVE, CALIFORNIR
JANUARY - HARCH 1999

Speed Class Intervals(kts)

Hean
Direction 1,¢<3 3,¢6 6,18 10,16 16,<21 »21 all  Speed
K 8.9 8.9 8.7 8.8 8.8 8.9 8.7 9.7
HNE 8.8 3.4 1.4 1.4 2.9 8.8 . .6.1 6.6
KE 8.8 3.4 15.9 2.8 0.9 0.8 28.4 1.3
ENE 8.9 8.9 19.8 2.1 9.8 0.8  21.8 8.4
E 2.4 ¢.9 2.7 6.6 9.8 8.0 2.1 8.6
ESE 8.9 8.7 8.9 8.9 2.9 8.9 8.7 41
SE 8.4 8.7 8.9 8.8 9.8 8.8 8.7 5.2
SSE 9.6 1.4 8.1 8.9 8.9 8.9 2.9 5.6
S 4.9 6.1 8.7 8.9 8.9 8.8 6.8 5.3
SSH 9.4 9.7 2.9 2.8 8.8 8.9 4.8 8.9
SH 8.8 9.9 5.4 2.4 6.8 8.9 7.5 8.9
Asq 8.9 8.9 1.4 .7 9.8 8.4 2.8 © 9.4
] 8.4 8.8 8.9 41 8.8 8.9 4.4 16.8
REW 8.9 8.9 3.4 4.4 9.9 8.8 _ 7.5 9.9
R 8.9 8.9 4.8 3.4 9.8 8.8 8.2 9.7
HNQ 8.9 8.9 3.4 8.7 8.9 8.9 4.1 9.3

All 9.8 16.3 68.5 23.1 8.2 8.8 188.8 8.2

Calz (less than one kmot) = 8.9%
Period mean sind speed = 8.2 kmots
percent occurrance for ‘C’ stability class{es) 6.8%

AIR SCIENCES INC.
sBaIND(1.2) 84/12/99




FREQUENCY OF WINDS B8Y DIRECTION AND SPEED
FOR STABILITY CLASS 'D'
SOLEDAC YHOUNTAIN PROJECT - HOJRVE, CALIFORNIA
JANUARY - HARCH 1999

Speed Class Intervals(kts)

Hean
Direction 1,<3 3,<6 6,<18 10,¢16 16,21 H»>21 All Speed
X 8.1 8.8 1.8 g5 6.8 8.6 3.2 7.5
NHE 8.8 8.5 1.8 8.4 0.1 8.8 2.8 7.8
XE 8.8 4.3 1.4 8.4 @.8 4.9 2.1 8.1
EXE 8.8 8.1 8.1 3.3 @8 8.@ 8.2 1.5
E 9.8 8.2 8.1 g.1 6.3 6.9 8.4 8.9
ESE 9.9 4.8 8.9 8.8 4.3 9.8 8.0 2.9
SE 9.8 8.1 9.8 g.8 8.8 9.8 8.1 3.9
SSE 8.8 4.2 8.1 4.8 9.8 4.9 8.3 5.4
S 2.8 8.9 8.6 8.1 9.8 ¢.9 1.6 6.8
SSH 8.9 6.8 1.8 2.6 1.9 43 T.4 12.4
SH 8.8 9.4 2.7 3.8 8.6 @.9 7.4 11.2
asy 8.8 8.2 1.5 1.8 8.2 4.4 2.9 18.2
(! 8.8 8.3 1.6 8.9 8.2 8.9 3.9 9.7
ANR 0.6 8.2 2.6 6.1 2.3 8.5 123 13.4
{4 8.1 8.1 2.7 16.4 2.8 8.8  58.9 17.4
NNQ 8.1 8.9 1.9 2.2 8.8 8.4 8.2 1.3
All 8.3 6.8 19.9 344 29.4 1¢.8 169.8 1.3

Cala (less than one knot) = 6.8%
Period mean wind speed = 14.3 knots
Percent occurrance for 'D° stability class{es) 49.23%

RIR SCIEXCES IKC.
SBRIND(1.2) ©4/12/99
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FREQUENCY OF WINDS BY DIRECTION AXD SPEED
FOR STABILITY CLASS 'E’
SOLEDAD HOUNTAIX PROJECT - MOJAVE, CALIFORNIA
JANUARY - HARCH 1998

Speed Class Intervals(kts)

Hean
Direction 1,<3 3.<6 6,¢18 18,<16 16,21 »21 All Speed
X 8.1 9.9 18.7 4.9 8.9 8.9 26.1 5.1
NNE 6.8 6.9 6.1 3.8 9.9 8.8 13.7 5.8
NE 4.4 9.8 8.8 8.9 9.8 8.9 1.5 5.7
ENE 8.8 8.9 8.8 8.9 8.8 8.9 8.9 8.8
E 0.8 8.8 9.9 8.8 8.8 2.8 8.8 4.1
ESE 8.8 8.8 8.9 8.4 6.8 9.8 8.8 9.8
SE 8.8 1.5 8.8 6.4 8.9 6.8 1.5 4.1
SSE 8.8 4.8 2.9 6.8 9.3 6.9 5.3 3.6
S 1.5 3.8 8.8 6.8 8.3 8.9 6.1 3.6
SSH 0.9 3.8 4.6 §.8 8.3 4.8 8.4 5.9
S| g.e 34 1.5 8.9 4.2 8.9 4.6 6.9
WSy 8.8 2.3 1.5 5.8 8.9 6.9 4.6 54
i 8.8 2.3 2.3 8.8 6.8 0.8 4.6 5.4
ANY a.8 1.8 3.8 8.8 9.3 9.9 8.1 5.8
KW 34 8.8 8.8 4.8 9.4 9.8 4.6 3.8
NNA 2.3 8.3 3.8 3.9 8.8 8.8 1.5 S.8

all  16.8 473

w
on
L]
o
[-~]
.
(-~}
[-~]
L]
[+~

8.6 199.8 sS4

Calm (less tham onme knot) = 8.8%
Period mean wind speed = 5.1 knots
Percent occurrance for 'E' stability class(es) 6.1%

AIR SCIENCES INC.
SBHIND(1.2) ©4/12/98



APPENDIX C

. WIND SPEED
FREQUENCY DISTRIBUTIONS



AVERRGE FREQUENCY DISTRIBUTION GF WIND SPEEDS

SCLEDAD HOUNTAIN PROJECT - MOJAVE, CALIFORHIA

JANUARY 1998
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AVERAGE FREQUENCY OISTRIBUTION OF WIND SPEEDS
SOLEDAD HOUNTAIN PROJECT - MOJAVE, CALIFORNIA

FEBRUARY 1994
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1.0 INTRODUCTION

This report summarizes three months of meteorological data collected near Scledad Mountain
in the Mojave Desert of Kern County, California for Noranda Mining Corporation. The monitoring
station is near a proposed open-pit mining project known as the Soledad Mountain Project. Data for
this report were callected from October 1, 1989 through December 31, 1989. This report summarizes
the first quarter of the monitoring program which began cn September 2?, 1989. Monitoring was
performed in accordance with "Sampiing Protocoi, Geiden Queen Mine éroiéct. Moajave, California,”
(Air Sciences Inc., Octaber, 1989). The purpose of the monitoring was to collect dispersion

meteorological data to be used in dispersion modeling and to collect climatological data.

1.1 Location

The Scledad Mountain monitering station is located on the plains west of Soledad Mountainin
the Mojave Desert of southeastern Kemn County, California. The site is appraoximately 12 miles NW of
Rosamond Lake and S miles SSW of the town of Mojave. The mine pit, waste dumps and processing
are expecied to be located on the western side of Soledad Mountain, just east of the Mojave-Tropico
Road. The monitoring station is located approximately one-quarter mile west of Mojave-Tropico

Road on the desert plain in an area where the metecrological data should define the wind patterns

~ that will carry pollutants toward residential areas. The station will be at an approximate elevation of

2,850° MSL at UTM coordinates 3,871 km north and 389 km east (the southwest quarter of Secticn 1, T

10N, R 13 W). Vegetation is sparse in this part of the Mojave Desert Basin and consists of sagebrush
and widely scattered Joshua trees. The monitoring lccation is shown on Figure 1.
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1.2 Program Description

The parameters of wind speed, wind direction, direction deviation (sigma theta) ang

temperature are measured and recorded at the monitoring station. The wind parameters are

measured by sensors mounted on top 3 10-meter metesrological tower,

Temperature is measured by
asensor located in an aspirated shield at the 2-meter level on

the tower,

The meteorological data are sampled every 10 seconds by 3 digital Data Acquisition System

(DAS) and processed and stored in 15-minute average format and as 8-hour wind speed maximum

and frequency distribution data, The DAS digitally stores sine and co

sine of wind direction, wind
speed and temperature on a time-averaged basis.

The 1S-minute and 8-hour data, recorded on a
solid-state memary moduie, are regulardy transferred By mail to Air Sciences Inc.

processing and archiving. EPA methods are used 1o process the 1S-minute da
of wind sp

(Air Scien&es) for

ta into hourly averages
eed, wind direction, wind direction deviation (sigma theta), and

in "On-Site Meteoralogical Program Guidance for Regulatory Madeling Ag
013, Sections 5.0-6.4). Processing of the 8-

temperature as suggested

plications,” (EPA-450/4-87-

flour data is performed by the DAS prior 1o the recording of
the data onto the salid-state memaory moduie.

Calibrations of the monitoring equipment were

protocol. Equipment calibration, audit and data Guality assurance procedures are based on EPA

guideline documentation and are fully described in the manitoring pian. Copies of the calibrations
performed subsequent to

performed in accordance with the sampling
the installation are located in Appendix A

1.3 Datz Recovery

Data recovery rates for all parameters are presented in Table 1. Recovery was 100 percent for
all meteorological parameters, Data recovery rates for this first Guarter of data collection exceeded
the minimum £PA recommended annual average rate of recovery for meteoralogical sampling of 90

percent.

TABLE 1
DATA RECOVERY
Parameter Percent
Wind Speed 100
Wind Direction 100
Sigma Theta 100
Temperature 100




. '\./

2.0 METEOROLOGICAL DATA SUMMARY

The meteorological parameters were sampled on site every 10 seconds and digitally processed
into 15-minute averages. The 15-minute averages were transmitted to Air Sciences far quality
assurance checks and to be used as input for the calculation of 1-hour averages. All summary data
presented in this section was produced by the processing of hourly averaged data into tables of
summary statistics and SARQAD formatted tables. The meteorological values of wind speed, wind

direction and temperature, collected during the quarter, are presented as hourly averages in SARCAD
format by month for each parameter in Appendix 8.

2.1 Winds

The wind frequency distribution by direction and speed for all atmospheric stabiiity classes
shown as Figure 2 and Table 2, shows that the highest frequency of winds were from the narth (NW
through ENE). These northerly winds accounted for over 63 percent of the total winds. The highest
wind speed was from the northwest at an average of 12.2 knots (14.0 mph). All other winds were
much lower in speed as shown by the overall wind speed for all directions of 6.8 knaots (7.8 mph). The

frequency distributions by direction and speed for stability classes A through F are included in
Appendix C.

Appendix D contains one table for each month of data collection and displays wind speed
frequency distributions (histograms). Each tabie contains the average daily percentages of winds in
each wind speed category for each day of the month with a maximur wind gust for the day and a
record of the time period in which the maximum wind gust occurred. Time period 1 is defined as the
hours of midnight to 8 a.m., period 2 is the hours of 8 a.m. to 4 p.m., and period 3 equals the hours of
4 p.m. to midnight. Frequency distributions were recorded for each 8-hour time period from 10-
second wind speed data. These 8-hour histograms were processed by Air Sciences into daily average

histograms. The maximum wind gust for the quarter occurred on QOctober 25 during time pericd 3
and was 50.8 mph.



FIGURE 2

WIND FREQUENCY DISTRIBUTION
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Direction

N
NNE
NE
ENE
E

ESE
SE
SSE

S
SSW
SwW
wsw
w
WNW
NW
NNW

All

1,<3 3,<6 6.<10 10,<16 16, <21 >21
3.3 3.9 3.6 0.1 0.0 0.0
2.4 34 2.7 Q.1 0.0 0.0
1.9 2.9 3.7 0.5 0.1 0.0
1.0 1.9 5.1 1.6 0.0 0.0
1.0 0.8 0.3 0.3 0.0 0.0
0.9 Q.6 0.1 0.0 0.0 0.0
1.1 0.7 Q0.0 0.0 0.0 0.0
1.2 2.3 0.0 0.0 0.0 0.0
1.2 2.5 0.8 0.0 a.0 0.0

14 1.3 1.8 1.4 Q.5 0.1
0.8 1.1 1.0 1.1 0.4 0.0
08 0.8 Q.7 0.1 0.0 0.0
1.4 0.8 0.9 0.3 0.0 Q.0
1.8 1.0 1.0 1.6 0.6 0.2
3.4 1.5 1.1 4.1 3.9 1.7
3.2 3.1 1.8 Q.7 0.3 0.1-

26.4 28.6 24.6 12.0 5.9 2.2

Calm (lessthanoneknot) = 0.3%
Period meanwind speed = 6.8knots
TABLE3

SOLEDAD MOUNTAIN PROJECT - MOJAVE, CALIFORNIA

TABLE2
FREQUENCY OF WINDS BY DIRECTION AND SPEED

OCTOBER - DECEMBER 1989

Speed Class Intervals{kts)

N
NNE
NE
ENE
3

ESE
SE
SSE

S
SsSw
Sw
WSW
w
WNW
NW
NNW

All

FREQUENCY OF WINDS BY DIRECTION AND STABILITY

SOLEDAD MOUNTAIN PROJECT - MOJAVE, CALIFORNIA

Direction

0.4
0.7
1.9
1.6
1.0
Q.7
0.8
1.2
1.1
0.9
0.4
0.1
0.2
0.1
0.5
0.3

12.1

OCTOBER - DECEMBER 1989

g

0.2
0.2
1.2
23
Q.0
0.0
0.1
0.3
03
03
0.0
0.0
0.0
0.0
0.0
0.0

5.1

c
0.2
0.8
1.2
2.5
0.1
0.0
0.0
0.1
0.5
0.5
0.0
0.0
0.0
Q.0
0.1
0.0

6.2

o]
2.4
2.7
25
2.0
0.4
0.0
0.0
03
0.6
29
2.5
0.5
0.9
32

10.8

2.9

34.8

im

3.6
11
0.4
0.1
0.1
0.0
0.1
0.2
0.6
0.3
Q.0
0.4
0.3
0.5
0.4
1.4

9.4

im

4.2
3.2
1.9
1.2
0.7
0.8
0.7
1.4
1.4
1.3
1.4
1.3
1.8
23
3.8
47

321

11.0
8.7
9.2
9.7
24
1.6
1.8
3.5
4.6
6.2
4.4
2.3
3.3
6.2

15.7
9.3

99.7




Table 3 shows the frequency distribution by atmospheric stability categories A through F,
Categaries A through D occur in the daytime and categories D through F occur at night. Stability class
was calculated by the method of lrwin (1980) which uses wind speed, standard deviatien of wind
direction and local sunrise and sunset times for determining daytime and nighttime pericds. A

nighttime correction is applied to the stability class determination. The assumed terrain mixing

height was 15 centimeters. Table 3 shows that both daytime and nighttime winds were
predaominately out of the north ('\IW through ENE). .-



2.2 Temperature

Temperature data summaries are presented in Table 4. Average temperature for

the data
collection period was 12.0 *C (53.§

*F). The coldest month of the period was December and the
warmest was October. The minimum temperature recorded was -5.8 °C (19.3 °F)

and the maximum
was 31.7°C(89.0 °F).

TABLE4
MONTHLY TEMPERATURE MEANS AND EXTREMES
SOLEDAD MOUNTAIN PROJECT - MOJAVE, CALIFORNIA
OCTOBER - DECEMBER 1989
(*Q

Average Average

Daily Daily Daily Monthiy  Mecnthly
Month Maximum Minimum Average Maximum Minimum

Oct 23.2 9.0 16.2 3.7 2.3
Nov 20.8 4.8 12.4 273 © -48
Dec 16.5 -0.9 7.4 22.7 -6.8
Qtur 20.1 4.3 12.0 31.7 -6.8






APPENDIX A

Calibration Records



WIND SPEED CALIBRATION

CAMPBELL scxemm%&,/;joccesz
Sensor Mode!l No: ™, 4 " Client : G—AD\AM Coce -~ _(,q/),,)/ .
SensorSerialNo : W4 JobNo : &K= '
Sensor Height /.S A Site Ta Pearn <
Logger Ser. No. 4\ S Date 4-2BH¥A
Name N\ N Time S0 a5y
. SYSTEM INSPECTION ]
PASS FAIL
Bearings Ng 3
Cable v
Cups [ ,
. SYSTEM LINEARITY CHECK
Input Frequency Target Gﬁl/) Reading
(Hz) (oot (o
. 1O 2739 2 TXG
2. /0.0 RLIF40 b ule,
3. V70 1.0 1. O
4. ———
3 — .
6. am——
7. —————
8- m———
9. ————
10. -

Target{mph) = (Hz x 1.789) + 1.0
Target(m/s) = (Hz x 0.798) + 0.447

Commensts:

Ac

s 28 2o RO

:"’\Qn-—(—':.

S N\& o AOKWD

Signature Af[; / L}(

AIR SCIENCES INC. 2/87




o

WIND DIRECTION CALIBRATION

CAMPBELLSCENTIFIC © "LOGGER
CRio
Sensor Mode! Na: 4 Client _fx_b\@\‘u\ Qu erA /.Jo) "
Sensor Serial No : Olo7-3F\ Job No : =<-7) <
Seasor Height Y o RV Site A SMoens
Logger Ser. No. =282 Date : 4-21%-99
Time ’9,'00 P Name : N S \4:.\_;)
[. SYSTEM INSPECTION
PASS FAIL
Bearings s
Cable 4
Vane |
{I. SYSTEM LINEARITY CHECK
Target K10 Reading .
Qrientation (degrees) _(degrees) Difterence
1. Vane 130.5 10 0.5°
Tail bO. 2 (0 o.5
2. Vane 20 (.5 Kol [.-5
Tail (2G5 23 -0.5
3. Vane 22\.5 222 —0.5
Tail . 4.5 <0 /-5
4, Vane
Tail
S. Vane
Tail
6. Vane
Tail
Comments: g@r L 4% IELRch- F_stk :
Senteor Slope ’71‘4?%

Le X éc_(o-o =

/G0, O

Zolommmce = g0

it

7



)

TEMPERATURE CALIBRATION ' .
CAMPBELL SCIENTIFIC 17~ LOGGER

i

ensor Model No JO 7 Client C.,\-D\§cz.<\ Q\,.g_ex\ /Srr:)ﬂ//'/u/
ensor Serial No Al Job No : =" '
.ensor Height = A Site 1 e Noseo
.ogger Ser. No. : =297 . Date & -29
Jame N &4,\? Time <20 >
. SYSTEM INSPECTION
PASS FAIL
Radiation Shield
Cable -~

{. SYSTEM PSYCHROMETER CHECK

Psychrometer { ) CR10 Reading

Measured Corrected | (deqrees) . .
Y\ Zo3 23l
2. oLy T Z24.7
3. zLy. 2 Zﬂ 07
4. 72490 25
5. 24,-3 26.3
6 2L 2L X
7. 91 % 7.8
8. 23,4 — 2%
- g ,
10.
Average
—ommenls:

LT

| 0



APPENDIX B

SARQOAD Tables
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