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Appendix F

F1. Water Quality Sampling Table

APPENDIX F1
SURFACE WATER QUALITY MONITORING RESULTS FOR WOLF CREEK AND SOUTH FORK WOLF CREEK
Date Range of Dissolved Total Magnesiu
Samples Temperature Oxygen pH Turbidity | Arsenic Lead Mercury | Aluminum | Barium Copper Iron m Manganese
Historical Site Name Site No. Collected °C mg/L pH Units NTU ug/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L ug/L
Wolf Creek
WCCA Monitoring Location 1 8/2004-10/2007 | range 7.2-15.3 7.8-11 5.1-6.9 | 0.22-19.8 - - - - - - - - -
mean 10.7 9.5 6.1 1.34 — - - - - - - - -
number of samples 41 40 40 41 - - - - - - - - -
Wolf-1.5 mi E of SN_006 3/2003-8/2007 | range 8.0-18.3 6.9-10.4 6.1-8.6 0.7-140 2.0-6.1 2-8.9 0.2-20 35-32100 23.10 11.00 100-22300 | 1.1-1.3 3-665
Brunswick Rd., 7 mean 12.61 9.19 7.1 9.75 2.2 2.58 1.30 2923.58 NA NA 1604 1.20 54.71
number of samples 15 17 18 18 18 12 18 12 1 1 18 2 17
Idaho-Maryland & SN_007 3/2003-8/2007 | range 7.6-17.8 6.4-10.7 6.1-7.7 0.62-43 2.0 2-3.9 0.2-0.2 40-10400 23.40 19.00 110-7480 14-1.6 5.1-149
Brunswick Rd., 7 mean 12.48 8.95 6.9 4.80 2.0 2.16 0.20 1241.55 NA NA 835 1.50 23.43
number of samples 15 17 14 18 18 12 18 11 1 1 18 2 17
WCCA Monitoring Location 2 8/2004-10/2007 | range 7.0-14.2 6.1-10.7 6.3-7.3 0.7-2.8 - - - - - - - - -
mean 11.56 8.89 6.77 1.8 - - - - - - - - -
number of samples 9 9 9 9 - - - - - - - - -
1.5 miles West of SN_008 3/2003-8/2007 | range 7.5-18.9 7.3-10.4 | 6.33-8.15 | 0.65-120 2.0-3.0 2-4.5 0.2-0.2 42-15100 23.00 10.00 100-10900 1.80 3.3-234
Brunswick Rd., 8 mean 12.60 9.05 7.0 9.62 21 221 0.20 1615.92 NA NA 1013.22 NA 26.80
number of samples 15 17 18 18 18 12 18 12 1 1 18 1 18
WCCA Monitoring Location 3 8/2004-10/2007 | range 3.0-14.1 8.7-12.3 6.4-7.8 |0.13-14.4 - - - - - - - - -
mean 9.88 10.26 7.1 3.37 - - - - - - - - -
number of samples 40 40 40 39 - - - - - - - - -
East of Navo & Sons, 11 SN_011 3/2003-8/2007 | range 7.2-25 2.25-11 | 6.37-8.35 | 0.75-69 2.0-52.3 2-2.2 0.2-0.2 100-6150 19.70 10.00 160-4970 4.40 9.8-109
mean 14.01 8.82 7.4 7.20 4.8 2.02 0.20 971.00 NA NA 792.56 NA 31.60
number of samples 15 17 18 18 18 12 18 12 1 1 18 1 18
West of Centennial Bridge, SN_014 3/2003-8/2007 | range 7.8-23.4 6.11-10.5 6.6-8.2 0.75-26 2.0-2.3 2-2.2 0.2-0.2 90-2310 24.20 10.00 190-1980 5.80 17-85
14 mean 14.13 8.97 7.6 5.70 2.0 2.02 0.20 605.75 NA NA 743.33 NA 31.61
number of samples 15 17 18 17 18 12 18 12 1 1 18 1 18
West of Idaho-Maryland Site, | SN_016 3/2003-8/2007 | range 8.2-24.5 6.8-10.8 6.8-8.26 | 0.75-27 2.0-125 2-2 0.2-0.2 75-2120 29.20 10.00 230-1940 8.00 17-73
16 mean 14.19 9.08 7.4 5.63 2.77 2.00 0.20 738.58 NA NA 811.11 NA 41.39
number of samples 15 17 18 18 18 12 18 12 1 1 18 1 18
West of Morehouse/ SN_017 3/2003-8/2007 | range 8.0-204 7.5-10.5 6.7-8.01 1-27 2-11.1 2-5.8 0.2-0.2 73-1970 28.50 10.00 210-1760 8.50 17-65
DeMartini, 17 mean 13.35 9.21 7.4 5.61 2.78 2.32 0.20 558.50 NA NA 634.22 NA 35.94
number of samples 15 17 18 18 18 12 18 12 1 1 18 1 18
WCCA Monitoring Location 5 8/2004-10/2007 | range 4.8-14.5 8.3-11.4 5.6-8.0 0-23.5 — — — - — - - — —
mean 10.5 9.09 7.3 3.35 - - - - - - - - -
number of samples 42 40 41 41 - - - - - - - - -

— = Not Collected
NA = not applicable

ND = not detected above laboratory reporting limits

ug/L = micrograms per liter
mg/L = milligrams per liter

WCCA data transmitted to ESA in electronic form; each sample event generally includes an average of three measurements for temperature, dissolved oxygen,

* = Data obtained from the WCCA Annual Report, December 2005. Laboratory reporting limits are not specified.

pH, and turbidity taken by volunteer monitors.
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Appendix F

F1. Water Quality Sampling Table

APPENDIX F1 (Continued)
SURFACE WATER QUALITY MONITORING RESULTS FOR WOLF CREEK AND SOUTH FORK WOLF CREEK

Date Range of Dissolved Total Magnesiu
Samples Temperature Oxygen pH Turbidity | Arsenic Lead Mercury | Aluminum | Barium Copper Iron m Manganese
Historical Site Name Site No. Collected °C mg/L pH Units NTU ug/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L ug/L
Wolf Creek (cont.)
Bank St./Hwy 49 frontage SN_023 10/1996-8/2007 | range 9.9-23.5 6.9-10.4 6.5-8.1 0.9-24 2-8 2-4.1 0.2-56 66-1510 | 18.7-18.7 10.00 189-1690 5.40 18-92
R-3, 23 mean 14.75 9.19 7.4 4.89 2.56 2.18 3.30 580.00 18.70 NA 532.29 NA 38.56
number of samples 15 17 18 18 34 12 18 12 1 1 34 1 34
Swiss House Restaurant SN_024 10/1996-8/2007 | range 8.5-23.1 6.8-11.3 6.2-7.9 0.75-17 2-6 2-2.5 0.2-23 58-1420 22.40 10.00 100-1400 5.50 21-92
R-4, 24 mean 14.21 9.20 7.35 4.33 2.37 2.04 1.47 534.67 NA NA 501.03 NA 56.65
number of samples 15 17 18 18 34 12 18 12 1 1 34 1 34
WCCA Monitoring Location 9 8/2004-10/2007 | range 5.2-14.7 8.4-11.7 6.7-8.0 0.27-41 ND-2.9* — — - — - - — —
mean 11.21 10.07 7.4 3.86 NA - - - - - - - -
number of samples 44 44 43 42 3* - - - - - - - -
Wolf Creek / Little Wolf SN_035 6/2003-8/2007 | range 9.2-24.4 6.4-10.9 6.4-7.6 0.8-17 2-3 2-2 0.2-0.2 45-1160 - - 100-1290 - 20-96
Creek, 35 mean 15.35 8.95 7.3 4.46 2.13 2.00 0.20 450.00 - - 540.06 - 50.88
number of samples 15 17 17 17 17 11 17 11 - - 17 - 17
Wolf Creek below Little Wolf | SN_037 6/2003-8/2007 | range 8.8-25.9 6.3-11.1 6.4-7.7 1.2-19 2-2.6 2-2.5 0.2-75 42-2830 - - 100-1480 - 37-123
Creek, 37 mean 15.46 8.93 7.3 4.30 2.12 2.05 4.60 661.91 - — 574.94 - 76.29
number of samples 15 17 17 17 17 11 17 11 - - 17 - 17
2.5 miles below SN_037, 38 | SN_038 6/20/2003 range 16 9.84 7.2 1.7 2.0 - 0.2 - - - 474 - 56
mean NA NA NA NA NA - NA - - - NA - NA
number of samples 1 1 1 1 1 - 1 - - - 1 - 1
WCCA Monitoring Location 15 8/2004-10/2007 | range 2.0-24.5 4.6-12.6 6.7-8.2 | 0.02-37.1 3.2% — — - — - - — —
mean 13.50 8.85 7.6 2.00 - - - - - - - - -
number of samples 35 35 34 35 1 — — — — — — — —
South Fork Wolf Creek
Lower BET 37 acres, 29 SN_029 6/2003-8/2007 | range 7-21.1 6.5-11 6.44-8.32 | 1.8-110 2-4.1 2-49 0.2-99 60-13100 - - 240-12500 - 13-374
average 13.46 8.8 7.3 9.89 2.12 6.76 9.65 1652.2 - - 1216.41 - 102
number of samples 15 17 17 17 17 11 17 10 - - 17 - 17
WCCA Monitoring Location 6 8/2004-10/2007 | range 5.2-15.9 3.6-13.3 6.6-8.0 0.1-11.3 ND* — — - — - 439* — 15*
average 10.40 9.3 7.4 2.15 NA — — - — - - — —
number of samples 42 41 42 42 2* - - - - - 1* - 1*
South Fork of Wolf Creek, 31 | SN_031 6/2003-8/2007 | range 7-23.2 6.4-11 6.42-8.17 | 0.53-47 2-2.5 2-4.1 0.2-21 24-5430 - - 100-6460 - 8.2-285
average 13.45 8.9 7.2 5.35 2.03 2.19 1.42 757.1 - - 759.24 - 46.89
number of samples 15 17 17 17 17 11 17 11 - - 17 - 17
Lower South Fork of SN_033 6/2003-8/2007 | range 8.4-20.6 6.2-11 6.6-8.37 | 0.45-51 2-3.5 2-4.5 0.2-121 27-4890 - - 140-5730 - 10-232
Wolf Creek, 33 average 13.52 8.8 7.0 5.18 2.09 2.23 11.18 682 - - 686.82 - 38.12
number of samples 15 17 17 17 17 11 17 11 - - 17 - 17

— = Not Collected
NA = not applicable

ND = not detected above laboratory reporting limits

ug/L = micrograms per liter
mg/L = milligrams per liter

WCCA data transmitted to ESA in electronic form; each sample event generally includes an average of three measurements for temperature, dissolved oxygen, pH, and turbidity taken by volunteer monitors.
* = Data obtained from the WCCA Annual Report, December 2005. Laboratory reporting limits are not specified.
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Hydrogeological Technical Memo
Idaho-Maryland Mine Project

GEOSOLUTIONS

Geology, Engineering Geology, Hydrogeology
Environmental Investigation, Monitoring & Remediation

Technical Memorandum
Date: April 17,2008
To:  Doug Cover and Jennifer Johnson, ESA

From: Thomas J. Knoch, P.G. (6930), C.E.G. (2178), C.H.G. (699), R.E.A (07454)

Subject: Hydrogeological Overview of the Idaho-Maryland Mine for the 2008
Environmental Impact Review Process, City of Grass Valley, Nevada County,
California

Introduction

GeoSolutions has been retained as a subconsultant to ESA to undertake investigations
pertaining to groundwater for the environmental impact assessment of the proposed
Idaho-Maryland mine in Grass Valley, California. Groundwater depletion with attendant
affects on surrounding domestic wells as a result of dewatering the historic mine works has
been raised as one of the primary concerns among the community and local land owners
relative to this proposed project. This report presents our technical analysis of area
hydrogeology and potential impacts of dewatering the mine, and is intended to be used by
ESA in development of its EIR document to satisfy requirements of the California
Environmental Quality Act (CEQA). In addition to review of previous investigations for the
area and for the mine (cited in the references section), we performed a thorough peer
review of the new hydrogeologic investigation prepared by Todd Engineers under contract
to the Idaho-Maryland Mine Corporation (Todd, 2007). The results of that peer review
process are presented throughout this independent technical analysis.

I. Hydrogeologic Characteristics

Water Sources and Available Water

Parts of the Sierra Nevada foothills that are located within western Nevada County have
been subjected to extensive residential and recreational development since the 1960s.
Ground water is the primary source of water for dwellings in non-urban areas of western
Nevada County and this resource is found in the subsurface only in cracks and crevices in
the underlying crystalline bedrock. Available data indicates that although the average yield
of water from most wells is small, sufficient quantities of ground water of adequate quality
are available for most households in these outlying areas.

The ultimate source of water to ground water resources is provided by regional infiltration
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of annual precipitation. In addition, a very small volume of surface waters located in rivers
and creeks add to those resources. These surface water sources are three major rivers
including the Middle Yuba River, South Yuba River and the Bear River, and five tributary
creeks including the Deer Creek, Squirrel Creek, Wolf Creek, Greenhorn Creek and
Steephollow Creek.

To provide some context, it is useful to understand that in general, every inch of rain
produces about 27,152 gallons of water per acre, or over 17.37 million gallons per square
mile (640 acres). Within the immediate area surrounding the subject project the total
column of rain in any given normal climatic year equals just less than 54 inches or about
4.5 feet. Therefore, total accumulated annual rainfall that can fall to earth per acre equals
about 1.46 million gallons or 938.38 million gallons per square mile. This water
subsequently takes several pathways, including percolation through soils and to
groundwater, surface water runoff to lakes, creeks, and streams, and evaporation from
surface and uptake by vegetation.

When professionals in the fields of engineering and geo-sciences deal with huge volumes of
water they typically use a term known as the acre-foot. It describes the volume or size of a
block of water equal to one-foot deep resting on a flat area equal in size to one acre or
43,560 square feet. An acre-foot of water equals 325,851 gallons. When these large
volumes are considered over time such as a year the acre-foot volume becomes an acre-
foot per year or AFY.

The combined watershed areas of Wolf Creek (2,738 acres)and South Fork of Wolf Creek
(1,487 acres) located easterly of Grass Valley are approximately 4,225 acres or 6.5 square
miles. In a normal climatic year, when the region receives about 54 inches of rain (4.5 feet),
together both of these watershed areas will receive about 6.195 billion gallons of water, or
19,012.5 AFY. Of this total volume of rainfall about 1,822 AFY infiltrates into the
subsurface (about 10%) across the 4,225 acres. Because most soils exposed across the
surface of the land have only a minor clayey fraction they are capable of infiltrating a
relatively high percentage of total rainfall. Therefore, the Wolf Creek watershed area
totaling about 2,738 acres is capable of infiltrating 1,195 AFY of rain fall and the South Fork
Wolf Creek watershed totaling about 1,487 acres is capable of infiltrating 627 AFY of
rainfall. Another 1,996 AFY (650.4 million gallons) of water infiltrates into the Wolf Creek
watershed via the unlined D-S Canal operated in the area under management by the
Nevada Irrigation District. Another 538 AFY (175.3 million gallons) infiltrates into the
subsurface within the South Fork Wolf Creek watershed via D-S Canal Extension,
Rattleshake Ditch and Chicago Park Canal (Todd, 2007).

In summary, within the main Wolf Creek watershed, an estimated 3,191 AF (1,039.8 billion
gallons) of water infiltrates into the subsurface each year. Within the South Fork Wolf
Creek watershed an estimated 1,165 AF (379.6 million gallons) infiltrates into the
subsurface every normal climatic year. Therefore, within the 6.5 square mile area
encompassing both the Wolf Creek and South Fork Wolf Creek watersheds at least 4,356 AF
(1.419.4 billion gallons) of water infiltrates into the subsurface in any given normal
climatic year (335,954 gallons per acre per year). These order-of-magnitude numbers
illustrate the total volume of water that infiltrates down and to the underlying
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hydrogeologic system in any given normal climatic year, via infiltration of rainfall and
leakage from unlined ditches within the Wolf and South Fork Wolf Creek watershed areas.

The Generalized Fracture Flow Regime

Most waters infiltrating downward through overlying near surface soils eventually migrate
into cracks and crevices in the underlying crystalline bedrock materials. In western
Nevada County and immediate areas surrounding the subject project there are numerous
underlying geologic units that are known as the older Bedrock Series. Most of these units
are igneous in origin and all are composed of silicate based mineral groups. The upper 500
feet is known as the brittle zone where Poisson’s Ratio is zero (Poisson’s Ratio is an
important parameter in elastic theory and is defined as the degree of lateral strain to axial
strain). Within this near surface environment the rocks in the upper 200 to 300 feet are
cracked and broken into three dimensional jointing sets because of their former exposure
to tensile stresses that had elevated to magnitudes above the rock’s tensile strength. These
structural failures - or cracking - take place along predisposed planes of weakness when
tensile stresses develop in response to a decrease of long standing compressive stress
fields that result from erosion reducing the overlying lithostatic loading on the rock
through geologic time. According to the U.S. Geological Survey (USGS), in western Nevada
County the depth or bottom to most cracks of the fracture zones is about 215 feet below the
overlying ground surface (bgs). Where the bedrock is weakened (ie. from hydrothermal
alteration) the depth of cracking can progress to depths of around 300 feet bgs.

These cracks do not develop as individual lines or planes of failure in the rocks but instead
as three dimensional planar joint sets that interconnect with decreasing frequency with
increasing depth. The patterns of these structures typically develop with generalized strike
in a preferred direction, while the remaining other two joints are subordinated in lateral
and vertical directions. This preferred and subordinating characteristic of the joints tend
to develop a fabric or system of planar surfaces that strike through the area in a
northwesterly-southeasterly direction. These structures rarely dip vertically down into the
earth and therefore each has a high probability of interconnecting with other joints near
the surface where their frequency of occurrence is greatest. With increasing depth the
structures become less developed and the network or system of interconnected fractures
begins to decrease rapidly within the upper 200 to 300 feet of rock beneath the overlying
ground surface. Because of the zig-zag nature of these structures, at great depths the
ground water residing at any location in a crack is likely to be in a semi-closed to
completely closed location in relation to the earth’s surface situated directly above any
given site.

According to the USGS, the type of crystalline bedrock in the subsurface environment
beneath the area surrounding the subject project can possess a varying range in porosity
from zero to around 2% within the upper 300 feet. This means the underlying bedrock
usually has a varying void density that decreases with depth. Porosity is defined as the
total volume of voids divided by a total volume of materials. For instance, an acre of land
with underlying bedrock having 1% porosity (typical for study area) to a depth of 300 feet
can have a total void space equal to around 130,680 cubic feet. If the voids are 100% filled
with water, about 977,000 gallons of water would reside beneath every acre of land.
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The neighborhood adjacent to the subject project has 78 domestic water wells clustered
into three well groups that are registered in the ground water monitoring program. Per the
hydrogeologic study performed in 1995 by the Nevada County Planning Department these
well groupings included a westerly group, easterly group and southeasterly group. Per that
data (Todd, 2007; Exhibit 1) the wells have these average generalized trends and
characteristics:

e For westerly group wells the average depth is around 208 feet bgs, first ground
water is about 82.6 feet bgs and initial yield is 13.4 gallons per minute (gpm);

e For easterly group wells the average depth is around 195 feet bgs, first ground
water is about 98 feet bgs and initial yield is 32.45 gpm; and,

e For southeasterly group wells the average depth is around 316 feet bgs, first ground
water is about 134.4 feet bgs and initial yield is 4.56 gpm.

This data indicates the averaged depth to first ground water for all wells is 105 feet bgs.
Therefore, in this area although fracture patterns can progress downward to about 300 feet
only the lower 200 feet are saturated or filled with ground water. In addition, fracture
densities tend to decrease with increasing depth so the average porosity within the lower
200 feet will likely decrease to about 0.5%. With these estimated trends only about
325,820 gallons of ground water would reside within joints, fractures or cracks contained
within the bedrock beneath each acre.

Porosity is an important parameter in hydrogeology because it measures the maximum
volume of water a specific volume of bedrock can contain in its cracks when they are
completely filled with water. However, it is equally important to know that only a portion
or part of this water is available for use. Ground water in storage can be divided into two
parts - the part that will drain away under the influence of gravity (called specific yield)
and the other remaining part retained as a film on rock surfaces or in other very small
openings (called specific retention).

The physical forces that control specific retention are the same forces that cause capillary
flow and include the water’s cohesion or ability to stick to itself, and adhesion or ability to
stick to something other than itself. Specific yield tells us how much water is available for
use and specific retention tells us how much water remains in the voids after specific yield
has drained away by gravity. For the very thin fractures within bedrock it is reasonable to
expect the specific yield to be around 0.3%. This scenario reduces the overall volume of
available ground water per acre to not more than about 195,500 gallons when fractures
extend to 300 feet bgs and average depth to ground water is 100 feet bgs.

If this volume of available ground water remains static it would be because of equilibrium
established by recharge via infiltration of surface water from various sources. For the
acreage located within the Wolf and South Fork Wolf Creek watershed areas these sources
include effluent from septic systems, rainfall, leaking ditches and some unknown but
limited amount of irrigation. Most septic systems are designed around a 150 gallon per day
per bedroom standard. Therefore the three bedroom house can generate around 450
gallons of effluent per day and in a year the total volume of discharging watery effluent can
total about 164,250 gallons.
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This volume of water should be compared to the 335,950 gallons of surface water that can
infiltrate into the subsurface across the study area per acre each year as noted earlier. This
volume of water is not likely to be realized across each acre within the study area because
of numerous variables that are in play such as soil type, impermeable surfaces like parking
lots and roadways, varying distances from ditches and creeks, and difference between hill
tops, hillsides and bottom land that can influence actual volumes. However, on average it
does provide an excellent comparison of the large amount of water that is available per
acre each year to the minimal amount of water used per dwelling each year.

The above values provide an order-of-magnitude estimate for the supply of water that is
available in the surrounding area and underlying subsurface environment every year. But
ground water resources contained within fractures can not be developed unless there is a
functional hydrologic connection between those fractures and wells drilled into the
subsurface. In order for wells to have an ability to deliver an acceptable long-termed
sustained yield of water they must first intersect one or more of the saturated fractures
located in the subsurface. For instance, if a well’s boring can intersect 10 individual
interconnected fractures the storage capacity or coefficient would be relatively high. The
interconnecting system between fractures and the well will have a relatively high ability to
transmit water and therefore the transmissivity will also be elevated. Conversely, if the
boring intersects only one individual fracture but one that is interconnected with 9 other
fractures, again the storage capacity or coefficient will be relatively high, but the
transmissivity between well and joints will now be relatively low.

Implied in the above discussion is the possibility that more than one well can intersect the
same fracture system and thus neighboring residents can be drawing water from a
common system of joints. Also relevant to a hydrogeologic system is the constant re-
supply of waters generated from the discharge of treated effluent from domestic septic
systems. Almost all water used inside dwellings is discharged through the septic system
back into the subsurface environment from which the water originated, if derived from a
well on the same property. Therefore, an overall net loss in the storativity of the
hydrogeologic system can take place only when a volume of water pumped from a well is
used for purposes like irrigating, washing of cars/house/sidewalks, or other outside uses
that allow the water to be consumed or discharged to far away locations for disposal.

The subject mine will dewater underground workings that are excavated into the very
same crystalline bedrock in which numerous domestic water wells have for several
decades received a sustained yield of ground water. Therefore, the question must be
addressed as to whether those underground workings might intersect the same joints or
fractures as do some of the existing water wells from which they receive their water. This
question is examined further in later portions of this document.

Geochemistry of Ground Water

When addressing the topic of ground water quality there are two separate issues — one
involving the quality of water in wells and the second dealing with quality of ground water
in workings of the Idaho-Maryland mine. Currently, there is no data publicly available to
quantify the quality of ground water in wells located in the study area. Conversely, there is
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a substantial amount of information available about the quality of water in underground
workings of the mine. At least two mine water sampling events were performed in the past
by the applicant. The first sampling event took place in the New Brunswick shaft on March
20, 1991 and the second also performed at the New Brunswick shaft took place on January
4, 2006.

During the 1991 water sampling event in the shaft, one water sample was also collected at
two locations where discharging flows of waters have been draining for several decades
from the mine. They include the Idaho-Maryland drain (IMD-1) and the Eureka Mine drain
(ED-1). Water samples taken from these two locations were analyzed for the same
elements/constituents by the same analytical laboratory test methods as were ground
water samples taken from various depths in the New Brunswick shaft.

When ground water samples were taken from the New Brunswick shaft in 1991 a total of
seven separate water samples were taken from seven different depths including the
Brunswick Shaft (BS)-580 Level, BS-900 Level, BS-876 Level, BS-1,300 Level, BS-1,500
Level, BS-2,300 Level, and BS-3,280 Level. These mine water samples were collected by
lowering an evacuated sampling cylinder suspended from the end of a cable down into the
center compartment of the mine shaft. The cable was continuously wrapped around a reel
that rotated one-way-or-the-other to lower or raise the evacuated cylinder to or from the
sampling position. The mechanism that electrically controlled the winch was contained in
a large truck with controls and readouts displayed on a control panel for easy viewing.
This device controlled the raising and lowering of the cylinder and the positioning of the
cylinder prior to taking and retrieving each water sample.

Once the sampling cylinder was positioned by the operator, he would activate an electric
switch that would open a sealed door on the cylinder. This step allowed a portion of the
surrounding mine water to flow into the cylinder until it was completely filled. Then the
operator would close the door resealing the cylinder full of water. Once this step was
complete the cylinder was raised to the surface where the sample of water was poured into
various sterile containers that were then labeled and prepared for transport to the
analytical laboratory(s) for analyses.

A breakdown of the total analyses performed on water samples collected from the New
Brunswick shaft on March 20, 1991 is on file with the City of Grass valley. Most analytical
test results were found to be below maximum allowable concentration limits (macl) set by
the Central Valley Regional Water Quality Control Board CVRWQCB). A few exceptions or
interesting trends worth noting include:

e The pH of mine water samples ranged between 7.2 to 7.5;

e Most Title 22 Cam 17 metals were noted at less than detectable levels;
e C(Calcium levels ranged between 54 to 59 mg/L;

e Bicarbonate levels ranged between 279 to 283 mg/L;

e Hardness as CaCO3 ranged between 205 to 213 calculated mg/L;

e Arsenic levels ranged between 0.003 to 0.004 mg/L;

e Dissolved iron ranged between 1.294 to 2.161 mg/L;

e Lead was non-detectable at a level less than 0.005 mg/L;
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e Manganese range between 0.304 to 0.316 mg/L;

e Specific Conductivity @ 25 degrees C remained constant at 400 umhos/c;

e TDS @ 180 degrees C ranged from 250 to 280 mg/L;

e Copper was at non-detectable levels at less than 0.01 mg/L;

e Zinc was at non-detectable levels at less than 0.01 mg/L; and,

e Purgeble Halogenated & Aromatics, Acid Extractable & Base Neutral Organics and
PCBs were also not detectable.

As noted above, during the 1991 sampling event the mine waters were also sampled at two
other locations where mine waters had been draining to surface creeks for decades. These
two sample sites were labeled the Idaho-Maryland drain (IMD-1) and the Eureka Mine
drain (ED-1). The chemical conditions detected in the two samples included:

e The pH ranged between 7.2 to 7.3;

e Most Title 22 Cam 17 metals were at less than detectable levels;

e (alcium ranged between 52 to 53 mg/L;

e Bicarbonate ranged between 328 to 331 mg/L;

e Hardness as CaCO3 ranged between 241 to 243 calculated mg/L;

e Arsenic ranged between 0.051 to 0.054 mg/L;

e Dissolved iron ranged between 2.503 to 3.578 mg/L;

e Lead was at non-detectable level at less than 0.005 mg/L;

e Manganese ranged between 0.288 to 0.451 mg/L;

e Specific Conductivity @ 25 degrees C remained constant at 450 to 470 umhos/c;

e TDS @ 180 degrees C ranged from 290 to 305 mg/L;

e Copper was noted at non-detectable levels at less than 0.01 mg/L;

e Zinc was noted at non-detectable levels at less than 0.01 mg/L. (Note that during a
previous sampling event conducted on October 10, 1989 zinc concentrations were
detected in a ED-1 sample at a concentration of 0.089 mg/L); and,

e Purgeble Halogenated & Aromatics, Acid Extractable & Base Neutral Organics and
PCBs were also non-detect or analysis for these compounds was not performed.

When the second mine water sampling event was performed in the New Brunswick shaft
on January 4, 2006, again seven separate water samples were taken at various depths
including the (BS)-310 Level, BS-580 Level, BS-876 Level, BS-1,300 Level, BS-1,600 Level,
BS-2,300 Level, and BS-3,280 Level. A representative of GeoSolutions witnessed the taking
of these samples. Like before, each water sample was collected by lowering an evacuated
sampling cylinder suspended from the end of a cable down into the center compartment of
the mine shaft.

A detailed list of analyses performed on water samples collected from the New Brunswick
shaft on January 4, 2006 is also on file with the City of Grass Valley, and most analytical test
results were below maximum allowable concentration limits (macl). A few exceptions or
interesting trends worth noting include:

e The pH of samples taken from various depths ranged between 6.9 to 7.2;
e Mercury results noted less that detectable concentrations;
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e (Calcium concentrations ranged between 49.9 to 52.3 mg/L;

e Bicarbonate ranged between 260 to 267 mg/L;

e Hardness as CaCO3 ranged between 179 to 189 calculated mg/L;

e Arsenic ranged between 2.4 to 2.8 ug/L;

e Total iron ranged between 1,570 to 1,900 ug/L;

e Lead was noted at non-detectable level at less than 0.002 mg/L;

e Manganese ranged between 206 to 235 ug/L;

e Specific Conductivity @ 25 degrees C remained constant at 400 umhos/c;

e Dissolved solids ranged from 218 to 236 mg/L;

e Copper was noted at 54 and 72 ug/L in the first two sampling depths at the BS-310
Level and BS-580 Level, but for the other deeper sampling depths the water samples
contained non-detectable concentrations at less than 10 ug/L;

e Zinc was non-detectable at less than 50 ug/L at all levels except for water sample
BS-1,900 Level, that contained 67.1 ug/L; and,

e Purgeble Halogenated & Aromatics were also not detected.

In late April to early May 2006 mine personnel noted evidence of vandalism at the portal of
the New Brunswick shaft. Apparently, the lock that secures a metal door hinged to the top
of the steel standpipe used for sampling was broken and left open. Upon inspection it was
decided to resample water in the shaft to determine if any foreign substance(s) had been
introduced into the mine. On May 18, 2006 a ground water sample was taken from the
New Brunswick shaft and submitted to an analytical laboratory for analyses.

Analytical test results of this sampling event were compared to analytical data acquired
during the January 4, 2006 sampling event and based on the comparison it appeared likely
that some unknown substance was introduced into the mine through the broken unsecured
metal door on top of the portal of the New Brunswick shaft. This determination was made
because analytical test results associated with this second sampling/analytical testing
event encountered detectable odors, elements, and compounds that were not detected in
water samples taken on January 4, 2006. Those odors/elements/compounds with changes
included:

e Leadat11.3ug/L;

e (Odor at 2 units;

e Aluminum at 1,980 ug/L;

e Copperat72ug/L;

e Total iron increased about three fold to around 4,730 ug/L;

e Zincincreased to 13,300 ug/L;

e Total Petroleum Hydrocarbons as Gasoline were detected at 1,500 ug/L; and,
e 2-Butanone was encountered at a concentration of 10,000 ug/L .

Following the May 18, 2006 sampling event the applicant performed two additional
sampling events on June 22 and on July 24, 2006. The analytical work performed on the
sample taken on June 22, 2006 encountered some of the elements and compounds noted
above but at lower concentrations as compared to levels encountered during the May 18,
2006 event. Then, in the water sample collected on July 24, 2006 it was found that the
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quality of mine water was more characteristic of the water samples collected during the
January 4, 2006 sampling event. The decrease in concentrations were likely due to dilution
of those elements as ground water inflows into the mine shaft through side walls of the
shaft took place over time thus diluting the concentrations of those substances to below
macls.

Geologic History in Relation to Water Quality

It is known and well understood how and when the gold/quartz veins of the Idaho-
Maryland ore body were developed. Basically throughout the Grass Valley Mining District
the paragenesis of the veins and the vein minerals involved four major stages with one
major stage having two sub-stages thus generating a total of five separate stages during
vein development. The high temperature deep seated stage called the magmatic stage was
primarily responsible for placement of minerals including magnetite, pyrrhotite and pyrite.
Development of pyrite progressed through the hydothermal stage as additional minerals
precipitated out of ore bearing solutions including quartz, chlorite, sericite, epidote, and
sperularite. These minerals except specularite continued to precipitate through the quartz
substage of the mesothermal stage as additional new minerals started to form like
arsenopyrite, sphalerite, chalcopyrite, galena, with gold and minor amounts of ankerite,
calcite, and minor hematite.

As development of the ore bodies progressed into the second substage of the mesothermal
stage called the carbonate substage, chalcedony began its development as the rate of
development for many of the minerals noted above were decreasing. The final stage of vein
development included an oxidation stage that witness some continued development of
calcite and chalcedony with abundant wad, malachite, limonite and gypsum. No doubt the
development of the I[daho-Maryland ore body took place at the same time other ore bodies
in the district were under development which took place throughout the upper Jurassic to
lower Cretaceous periods.

During development of the Idaho-Maryland ore body an abundant amount of calcium
carbonate in the form of ankerite, much of which was later replaced and added to by
calcite, was introduced into the vein forming materials. In many locations the amount of
calcite present as a primary vein forming mineral was greater in abundance than was the
amount of quartz. Evidence that supports these conclusions was provided by previous
mining and now by the relatively high pH of water contained in the mine workings, per
sampling/analysis programs discussed above. The elevated concentration of calcium
carbonate in the ore body has a buffering effect on the water even in the presence of
oxidizing sulfide minerals. In addition, the high abundance of manganese (Mn) in mine
water samples indicates a strong persistence of ankerite (CaCO3 (Mg,Fe,Mn)CO3), as does
the hardness of the water.

Available publications that outline the size or extent of underground workings of the Idaho-
Maryland mine indicate that between 72 to 75 miles are present between the earth’s
surface and depth to 3,460 feet bgs that includes the sump located at the bottom of the New
Brunswick shaft. Assuming an average cross-sectional dimension for most underground
excavations of 6 feet wide by 6 feet high for stopes, raises, winzes, shafts and drifts, the
estimated total surface area of exposed rocks in sidewalls of all underground mine
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workings cannot be less than 209 acres (using 72 miles). Although this huge area of
underground vein material and adjacent rock is exposed on sidewalls of those excavations
and also exposed to water contained in those workings, the pH of those waters is naturally
buffered to above neutral conditions thus not allowing most metals associated with sulfide
minerals to become soluble. Therefore, waters of the mine cannot become acidic, as
indicated by past sampling/analytical testing programs.

Besides the continuous presence of manganese there is also a continuous presence of
dissolved iron at elevated concentrations. This condition is likely due in part to the present
of numerous iron containing sulfides including pyrite, magnetite, pyrrhotite, arsenopyrite,
chalcopyrite and hematite, but also due to the presents of numerous metal items still
located in many of the underground workings. These items could include countless miles
of metal track, compressed air pipe, water pipe, electrical motors and steel ore chutes. In
addition, wood in shafts, raises and winzes contain metal tie rods and nails used in
construction of their support structures.

Generalized Characteristics of Most Highly Exposed Domestic Water Wells

Over recent years the applicant has monitored the variations in depth to ground water in at
least 78 domestic water wells located in a study area adjacent to and surrounding the
subject project. The distribution of these wells across the study area is shown on Figure A-
1 of the Todd report (2007). As was the case during the former 1995 study when 64 wells
were considered, in a generalized distribution there are three major well groupings in the
study area. They include:

o The westerly well group located mostly north of Bennett Street, westerly of
Brunswick Road and south of the Whispering Pines Business Park;

e The easterly well group located east of Brunswick Road, on both sides of Greenhorn
Road and north of Burman Road; and,

e The southeasterly well group generally located north of Highway 174, and westerly
of Brunswick Road in Cedar Ridge area.

These wells were installed over recent years by various drilling contractors. Therefore, it
is likely most were installed to the standards outlined in the California Department of
Water Resources Bulletin 74-90, titled California Well Standards, January 1990, and
installed by operators with a C-57 type license, per the California State Board of
Contractors.

In the 2007 Todd report there are ground water hydrographs for each of the 78 wells in the
Idaho-Maryland Mine Corporation monitoring program. These hydrographs show the
elevation above mean sea level of ground water in those wells dating back as far as the
mid-1990s. Although there are a few exceptions, the following generalizations can be made
about the wells:

e Elevations of ground water recorded in most wells over time vary within a set range
and rarely fluctuate beyond the limits of that range;

¢ Timing of fluctuations in the ground water elevations tend to respond closely to
seasonal climatic fluctuations (ground water elevation falls in late summer to early
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autumn, but rises again in mid winter to early spring);

Wells with wider fluctuations on their hydrographs tend to be located on higher
terrain in areas more distant from creeks and also where density of fractures is
relatively less. Accordingly, the storativity and transmissivity of structures in the
surrounding subsurface geology are likely to be relatively low;

Wells with readings that fluctuate randomly with concentrations over numerous
continuous readings beyond normal limits of the range are likely stressed by
periodic high-demand-uses such as irrigation;

Wells with narrow fluctuations of their hydrographs tend to be located on low lying
terrain close to a creek and also where the density of fractures is relatively high.
Accordingly, the storativity and transmissivity of structures in the surrounding
subsurface geology are likely to be relatively high.

All hydrographs have a data gap of approximately 2 years from 2001 to 2003 during which
time the applicant did not perform any monthly monitorings of the wells. One other issue
worth noting is that most if not all wells included in the water monitoring program are not
equipped with a water usage (demand) meter on the well so an accurate monthly water
demand for each well is not available. Estimates about hydraulic conductivity at sidewalls
of each well will then tend to be an approximation of their actual value because well
driller’s reports generally lack the high levels in accuracy that are needed when estimating
yield. Also, the yield evaluated at the time of drilling tends to be an initial yield and not the
long-term sustained yield(s) of the well that will typically be much lower for this area.

Wells located in the study area have these generalized characteristics:

For westerly group wells their average depth is 208 feet bgs, first ground water is
82.6 feet bgs and initial yield was 13.4 gallons per minute (gpm). The average
ground water elevation in wells is above the elevation of ground water in the New
Brunswick shaft by about 89.4 feet. Therefore the top of the hydrogeologic system
beneath this cluster of wells is above the level of ground water in the mine by nearly
90 feet. Terrain within this cluster of wells falls steeply away to the south.
Therefore, many of these wells are either on a hill top or hillside facing to the south.

In addition, these wells are located directly over the top of the underground
workings of the Idaho-Maryland Mine and within the upper limits of the alteration
zone over the ore body. These wells are drilled into a very old igneous rock of
Jurassic age composed of hypabyssal rocks predominantly diabase in composition.
Portions of this geologic unit were hydrothermally altered during vein development
of the Idaho-Maryland ore body by alteration processes including albitization,
tourmalinization, rutile development, sericitization and chloritization that were
closely associated with magmatic and hypothermal type vein formation. Also
chloritization, carbonitization, certification, kaolinization, pyritization and
doloitization took place as lower temperature mesothermal and oxidation stages of
vein development endured. Because of these processes the geology into which most
of the wells located in the westerly group were bored has a very unique
geochemistry.
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The westerly well group also has the unique distinction of being located within the
same isolated block of rock as is the Idaho-Maryland ore body. This rock block is
individually defined by being completely surrounded on all sides by three faults
including the Weimar fault to the east, [daho-Maryland fault to the north, and
underlying Morehouse fault. Because of the location and orientation of these faults
many of the wells in the westerly well group are isolated from all other wells located
beyond the limits of the Idaho-Maryland block. This grouping of wells should be
given unique consideration when evaluating potential impacts and formulating
associated mitigation measures.

Little is known about the condition of materials located along the face of these
faults, but because of historic regional tectonic lateral compressive forces once in
existence across the region, it is likely that at some time the main component of
movement along these faults has been oblique thrusting. Movement along
interfacing rock blocks located within stress fields of this type usually produce
grinding and crushing of materials within the interface of those structures.
Materials produced by this action are commonly called mylonite and are a fine-
grained laminated material formed by extreme microbrecciation of the rock along
the structural surfaces during movement. Because of the pulverization of these rock
materials the mylonite generated by thrusting can behave like clay with very low
permeability and hydraulic conductivity. Therefore, it is likely the migration of
fluids through these structures will be limited or highly routed along lines or planes
adjacent to the faults.

There are eighteen wells located directly over the underground workings of the
mine. Of these, twelve wells have hydrographs with data plots that maintain a
relatively tight range while the remaining six wells have hydrographs with a wider
range in their data plots. The wells in this group have an average depth of only 208
feet bgs and most appear to maintain a relatively high magnitude of storativity and
transmissivity.

As shown in Figure 1 (Attachment II), Historic Mine Workings - Surface to 300 Feet,
underground mine workings are located within 300 feet of the earth’s surface.
Three wells in the westerly well group (New Well Numbers 201 (old 29), 80 (old
80), and 122 (old 122) of the 2007 Todd report, Figure A-1) are surrounded by mine
tunnels connected to the Old Brunswick shaft. For these wells the following
characteristics are known to exist:

1. Well Number 201 (old 29 used during 1995 study) has/is:
Well collar elevation of 2,858.97 feet amsl;
Well bottom elevation is estimated at 2,433.97 feet amsl as based on average
well depths acquired from adjacent wells;
Calculated well depth is estimated at 425 feet; and,
Elevation of closest mine workings (BR 140 Level Station with Brunswick
shaft) is 2,608 feet amsl. In addition, BR 300 Level drift has an elevation of
2,445’ amsl. Therefore, mine workings labeled the BR 140, BR 300 and part
of the Brunswick shaft are located between 11.03 feet to 174.03 feet above
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the bottom of the well. Plus, these excavations are in very close horizontal
proximity to each other measured to within 10 feet.

2.  Well Number 80 (old 80 used during 1995 study) has/is:
Well collar elevation of 2,778.06 feet amsl;
Well bottom elevation tabulated as 2,678.06 feet ams];
Measured well depth of 100 feet;
Elevation of closest mine workings (BR 300 Level) is 2,447 feet amsl.
Therefore, least separation between bottom of well and elevation of BR 300
is 231.06 feet.

3. Well Number 122 (old 122 used during 1995 study) has/is:
Well collar elevation of 2,792.23 feet amsl;
Well bottom elevation tabulated as 2,567.23 feet amsl;
Measured well depth is 225 feet; and,
Elevation of closest mine workings (BR 490 Level) is 2,268 feet amsl.
Therefore, least separation between well and BR 490 is 299.23 feet.

As shown on Figure 2, Historic Mine Workings - 301 to 600 feet, one additional well
appears to have a relatively high level of exposure to the underground workings.
Per Todd (2007) this well is Number 242 (old 121) and according to other data
sources it has the following characteristics:

4. Well collar elevation of 2,713.46 feet amsl;
Well bottom elevation is tabulated as 2,558.46 feet amsl based on average
depth values acquired from adjacent wells;
Calculated average well depth is 155 feet; and,
Elevation of closest mine workings (BR 580 Level) is 2,196 feet amsl.
Therefore, least separation between well and BR 580 is 362.46 feet.

In summary, 78 wells are in the monitoring program of which four wells in the
westerly well group are most highly exposed to the underground workings of the
mine. Their closest straight line distance(s) to a mine workings range from about 10
feet to 362.46 feet. Well Number 201 (old 29 used during 1995 study) is the most
exposed by being within 10 feet of a drift. Even when consideration is given to mine
workings from 301 to 600 feet bgs, Well Number 201 is still the most exposed as
based on straight line distance between the two types of excavation.

e For the easterly well group the average well depth is calculated to be 195 feet bgs,
first ground water is 98 feet bgs and initial yield was 32.45 gpm. The ground water
elevation in wells is above the elevation of ground water in the New Brunswick shaft
by approximately 282 feet. Therefore the top of the hydrogeologic system beneath
this cluster of wells is highly elevated above the level of water in the mine. Terrain
across the immediate area where this cluster of wells is located loses very little
elevation but does slope gently to the south and southwest.

In addition, this well group is situated outside of the rock block in which the Idaho-
Maryland ore body is located. A relatively large horizontal distance also separates
these wells from most of the underground workings except for two deep seated
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drifts. These wells are located on the easterly side of the Weimar (6-3) Fault and
easterly of Brunswick Road. Many are drilled directly into a very old igneous rock of
lower Jurassic age composed of inter-bedded volcanic flows, flow-breccias and
pyroclastic tuff-breccias of the Lake Combie Complex. Several wells located in the
northerly portion of this group are sited on younger Mehrten Formation mudflows,
but most are drilled through the bottom of this younger unit and into the underlying
older Lake Combie Complex. Unlike the diabase underlying the westerly well group,
the bedrock of the Lake Combie Complex mostly lacks evidence of strong
hydrothermal alteration. Because the geology on the easterly side of the Weimar
Fault is altered to a much lesser degree its geochemistry is likely more typical of the
geology present within the surrounding region adjacent to the Grass Valley Mining
District.

Little is known about the condition of materials on the interfacing surfaces of rock
located along the Weimar Fault separating the easterly well group from wells
situated over the mine workings and in the westerly well group. Itis likely that
oblique thrusting caused the grinding and crushing of materials at the interface of
the structure producing mylonite consisting of a fined grained laminated clayey type
material formed by extreme microbrecciation due to movement of adjacent rocks
along the fault surface. Because of this pulverization the mylonite will likely behave
like clay with a very low permeability and hydraulic conductivity. Therefore, it is
likely that the migration of fluids through this structure is limited, if not highly
channeled, thus developing what could be considered a hydrogeologic barrier or
curtain between the upper Jurassic hypabyssal rocks on the west side of the Weimar
Fault and lower Jurassic volcanic rocks of the Lake Combie Complex located to the
east.

At least 38 wells are included in the easterly well group. Well Number 232 is located
about 200 feet southeasterly of the end of a tunnel called the Idaho 1,000 foot drift.
The elevation of the excavation is 1,583.83 feet amsl. Although no information is
available documenting the depth of this well its surface collar elevation is 2,858.9
feet amsl. If the depth of this well is equal to the average depth for wells in the
easterly well group, then its depth is about 195 feet and at least 1,080.7 feet of rock
resides between its bottom and the underlying Idaho 1,000 foot drift. In addition, at
least 980 feet of the 1,080.7 foot total separation between the two excavations
would be located below the upper 300 foot where the majority of fractures are
located. According to Todd (2007), this well was included into the monitoring
program only recently and therefore its hydrograph contains only one data point as
of the date of that report.

A second drift or cross cut is located easterly of the mine workings and of the
Weimar Fault and its elevation is 1,692 feet amsl. This excavation trends easterly
from the New Brunswick shaft and through the Weimar Fault for about 1,000 feet
before turning 45 degrees and continuing in a northeasterly direction for another
800 feet before terminating under Greenhorn Road. Along its length this drift
passes beneath the location where Well Number 262 is sited (Todd, Figure A-1).
There is no recorded measured depth to bottom of this well, but its collar elevation
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is 2,918 feet amsl and if its depth is equal to the averaged depth for most wells in
this easterly group then it would be nearly 195 feet deep.

This data indicates the well could be separated from the drift name the Brunswick
or BR 1,100 drift by at least 1,032 feet. Because the drift is separated by nearly
1,032 feet of rock there would be at least 900 feet of tight rock separating the two
excavations. The hydrograph for this well indicates a good functioning connection
between it and the hydrogeologic system in which it is located. Therefore, it is likely
the well has a relatively high storativity and transmissivity.

In summary, two wells of the easterly well group are positioned over two different
drifts connected to the underground workings of the mine. But the distance
between these wells and mine workings is very large and those drifts are deep
seated and far below the bottom of the near surface fracture zone where most
fractures reside. Within the rock separating these two wells from their nearby drifts
the bedrock is within the elastic zone where Poissons’ Ratio is equal to 0.25. Thus,
the likelihood of them being broken by tensile stresses is minimal compared to
rocks located closer to the surface and within the brittle zone where Poissons’ Ratio
is equal to zero.

e Wells in the southeasterly well group have an average depth of 316 feet bgs, first
ground water is 134.4 feet bgs and initial yield is 4.56 gpm. Their averaged ground
water elevation is above the elevation of ground water in the New Brunswick shaft
by about 272 feet. Therefore the top of the hydrogeologic system beneath this
cluster of wells is much higher than the elevation of ground water in the mine.
Terrain where these wells are sited loses elevation as it slopes downward in a
northerly to northeasterly direction.

In addition, this well group is located outside the rock block containing the Idaho-
Maryland ore body and most wells are located a very large horizontal distance away
from the underground workings of the mine. The Weimar or 6-3 Fault passes
through the center of this cluster of wells and they are mostly located on the
westerly side of Brunswick Road and to the north of Highway 174. Most of these
wells are concentrated in an area located northwesterly from the intersection of
Brunswick Road with Highway 174.

A relatively large horizontal distance separates this well group from most of the
underground workings of the mine except for one well located near the end of a
very deep seated drift called the Brunswick BR 1,300 Level drift. This tunnel trends
away from the mine in a southeasterly direction and terminates beneath Well
Number 4 See Figure A-1, Todd, 2007). Relevant mine maps indicate the elevation
of this drift is 1,475.65 feet amsl. According to data contained in the 1995 EIR, this
well has a total depth of 295 feet and collar elevation of 2,927 feet amsl. Therefore,
the well has a bottom elevation of 2,632 feet amsl and the distance of separation
between it and the BR 1,300 foot level drift is greater than 1,156.35 feet.

A few wells in this group are drilled directly into igneous rocks of upper Jurassic
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bedrock series composed of diabase. These materials are the same rock type that
surrounds the underground workings of the mine. In addition there are also several
wells located along Highway 174 that are collared on younger overlying Mehrten
Formation mudflow materials, but most of those wells are drilled through the
bottom of these younger rocks and into the underlying older diabase where most of
their yield is developed. In contrast to the diabase that underlies the westerly well
group this part of the diabase is located outside of the rock block that contains the
Idaho-Maryland ore body and therefore mostly lacks evidence of enduring strong
hydrothermal alteration. Because this area is very far removed from the Idaho-
Maryland ore body the underlying geology is less altered than the rocks adjacent to
the underground workings of the mine and its geochemistry is more typical of the
geology located in the surrounding region outside the Grass Valley Mining District.

Little is known about the condition of materials located along the face of the Weimar
and Morehouse Faults that separate this southeasterly well group from rocks in the
geologic block that contains the underground workings of the mine because
relevant data is lacking. However, as noted above, oblique thrusting has likely
produced mylonite by extreme microbrecciation along the fault surface and these
materials now behave like clay possessing a very low permeability. With the
development of this material it is likely the migration of fluids through these
structures is limited thus developing a hydrogeologic barrier between this cluster of
wells and most of the mine workings.

In summary, one well in the southeasterly well group is situated over the BS 1,300
Level drift that is part of the underground workings of the mine. The distance
between Well 4 and BS 1,300 Level drift is over 1,156 feet and the excavation is
deep seated far below the bottom of the near surface fracture zone that resides
mostly above a depth of 300 feet. Within most of the rock that separates this well
from the underlying drift the bedrock resides within the elastic zone where
Poissons’ Ratio is 0.25. Thus the likelihood those rocks have broken due to tension
cracking is minimal as compared to those rocks located closer to the surface within
the brittle zone where Poissons’ Ratio is equal to zero.

The following table summarizes distances to the closest mine workings for four wells

located in the westerly well group, for two wells located in the easterly well group, and for
the one well located in the southeasterly well group.

Straight Line Distances Between Mine And Seven Closest Wells

Well Group Well Number Closest Mine Workings Shortest Distance
Per Todd Report Between Well And Mine

Westerly 201 BR 140 <10 feet
Westerly 80 BR 300 231.06 feet
Westerly 122 BR 490 299.23 feet
Westerly 242 BR 580 362.46 feet
Easterly 232 ID 1,000 1,080.7 feet
Easterly 262 BR 1,100 1,032 feet

Southeasterly 4 BR 1,300 1,156.35 feet
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Generalized Characteristics of Closest Underground Mine Workings to Wells
Figures 1 through 6 show the distribution of the mine’s underground workings. These
workings are divided into five different depth intervals displayed on separate figures to
make viewing of their distribution within any given depth interval easier to understand.
These depth intervals include:

e Firstinterval from the ground surface to depth of 300 feet (Figure 1);
e Second interval from depth of 301 feet to 600 feet (Figure 2);

e Third interval from depth of 601 feet to 1,000 feet (Figure 3);

e Fourth interval from depth of 1,001 feet to 2,000 feet (Figure 4); and,
e The fifth interval from depth of 2,001 feet to 3,280 feet (Figure 5).

Figure 6 depicts all underground mine workings together to show the density of mine
workings and their overall distribution. All six figures also display locations of domestic
water wells included in the well monitoring program located across the study area in the
immediate area surrounding the mine. With reference to these figures the characteristics
of mine workings located closest to the four wells in the westerly well group is provided:

e 0Old Brunswick shaft collar elevation is 2,851.45 feet amsl;

e New Brunswick shaft collar elevation is 2,752.3 feet amsl;

e Difference in collar elevations between New and Old Brunswick shafts is 99.15 feet;

e Depth of ground water below collar of New Brunswick shaft averages 252.3 feet;

¢ Ground water elevation in New Brunswick shaft averages 2,500 feet amsl;

e Elevation of drains for Eureka and Idaho-Maryland shafts located along the Idaho-
Maryland Mine Road is about 2,500 feet amsl and nearly equal to the water level in
the mine;

e Elevation of 70 foot level drift off Old Brunswick shaft is 2,677 feet amsl and above
level of water in mine workings;

e Elevation of 140 foot level drift off Old Brunswick shaft is 2,608 feet amsl and above
level of water in mine workings;

e Elevation of 300 foot level drift off Old Brunswick shaft is 2,447 feet amsl and below
level of water in mine workings;

e Elevation of 380 foot level drift off Old Brunswick shaft is 2,372 feet amsl and below
level of water in mine workings;

e Elevation of 490 foot level drift off Old Brunswick shaft is 2,272 feet amsl and below
level of water in mine workings; and,

e Elevation of 580 level drift off Old Brunswick shaft is 2,186 feet amsl and below
level of water in mine workings.

Because of the type of equipment utilized in mining during early to mid 1900s beneath
Grass Valley it is reasonable to assume that drifts now located throughout the Idaho-
Maryland mine have a cross sectional dimension of about six feet wide and six feet high.
The following characteristics for drifts previously noted as being above the level of water in
the mine workings are made based on lengths measured from available maps:
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The 70 foot level drift about 900 feet long has a total probable surface area of
exposed sidewalls equal to about 21,600 square feet and total tunnel volume of
32,400 cubic feet ; and,

The 140 foot level drift about 500’ long has a total probable surface area of exposed
sidewalls equal to about 12,000 square feet and total tunnel volume of 18,000 cubic
feet.

Therefore, the summation of total length of underground mine workings in the subsurface
located adjacent to the Old Brunswick shaft and above the water level is estimated to be
about 1,400 feet. Total sidewall area of dry drifts not filled with water is around 33,600
square feet or an area equal to about three quarters of an acre and a total volume of about
50,400 cubic feet. With this data the following conclusions can be made:

Two dry tunnels located higher than the level of water in the mine are located next
to Well Number 201 (in westerly well group) and these workings are an estimated
horizontal distance of less than 10 feet away. According to hydrographs presented
by Todd (2007), groundwater levels fluctuated in this well from the years of 1995 to
2000 between the elevations of 2,610 feet to 2,560 feet amsl, a spread of 50 feet.
But from the years of 2003 to present those groundwater elevations fluctuated from
about 2,590 feet to 2,505 feet amsl a spread of about 85 feet. These differences may
indicate an increased rate of ground water usage, possibly for irrigation or under
different ownership.

Three other wells in the westerly well group are close to drifts but they are filled
with water because their elevations are lower than the level of water in the mine;
The closest two wells in the easterly well group are located over 1,000 vertical feet
from two different drifts that are filled with water;

One well in the southeasterly well group located closest to one drift is separated
over 1,156 feet from that tunnel also filled with water; and,

Wells in the westerly well group (mentioned above), as are many neighboring wells
in this area, are located in and next to mine workings located within 500 feet of the
earth surface and in the brittle zone where fracture patterns are dominant.
Although Well Number 201 (most exposed) appears unaffected by its close
proximity to nearby dry drifts, there is no way of knowing if it would be affected by
future dewatering when other nearby workings now filled with water are drained.
Also, there is no way of knowing if other wells in the immediate surrounding area
will be affected by mine dewatering. This uncertainty is realized mainly because
most of the wells in the westerly well group and the several thousands of feet of
adjacent mine workings are located together in proximity to each other and within
the near surface brittle zone that underlies the earth surface where fracture
patterns are most dense. At this time, it is impossible to know if mine workings and
a well or a number of wells are interconnected via a network of interconnecting
fractures and cracks until dewatering of the mine is initiated and the response or
lack of response to those activities by any number of wells is noted by well
monitoring.
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II. Issues Of Concern and Recommendations

Issues of Concern Pertaining to Domestic Water Wells

An impact could develop and should be considered to have taken place, as a result of partial
or complete dewatering of underground workings of the [daho-Maryland Mine, if one or
more of the wells that are part of the ground water monitoring program realizes a partial
or complete loss of its (their) long-term sustained yield, anytime after initial dewatering of
the mine takes place and anytime after complete dewatering of the mine has taken place
and during the entire life of the mine including before the complete re-flooding of all
abandoned underground workings after mine production has ended.

It was written in the Todd report: Water level hydrographs indicate no long-term decline
or change in ground water storage during the period of record as evidenced by similar
water levels at the beginning and end of the monitoring period. Therefore, although there
may have been variations in ground water usages by residential properties in the study
area with wells in the monitoring program, there has been no net loss to underlying ground
water resources located within the limits of the study area and a dynamic equilibrium has
been long-established by the underlying hydrogeologic system.

If results of future monitoring notes increases in depth to ground water levels in any well
or wells in the monitoring program, this increased change in ground water depth(s) will
then be considered a net loss in ground water resources contained within the underlying
ground water system located beneath the study area. If a change of this type is noted in
any well after mine dewatering is initiated this change in ground water depth(s) will be
considered a net loss of yield to well(s) and a net loss of ground water resources to the
ground water system by dewatering of the underground workings of the mine and
therefore considered to be an impact to well(s) as a direct result of dewatering of the
mine’s underground workings.

Recommendations for Wells

A mitigation program shall be designed to ensure all residential structures with wells
currently monitored by the well monitoring program will be provided a sustained supply of
potable water before, during and after complete dewatering of the Idaho-Maryland mine
underground workings throughout the entire productive life of the mine.

According to the 1995 EIR hydrogeologic study and 2007 Todd report (Figure 16), the
potential for impact to wells located over and near to underground mine workings is
highest. Thirteen years ago during former studies associated with preparations of the 1995
EIR, 12 wells where included in the two highest risk groups. Since that time additional
development in the region has increased the number to 18 wells. As before these wells are
mostly concentrated directly over or very near to the total lateral distribution of mine
workings. According to Todd, any well located over or within 710 feet of the mine
workings should be considered to be highly exposed to potential dewatering impacts as a
result of mine dewatering. The remaining 60 wells included in the monitoring program are
more distant and not considered to be directly exposed and therefore are in a lower risk
category.
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Mitigating highly exposed wells to a risk that is considered to be less-than-significant will
require the applicant to implement a two stage mitigation program:

The first stage includes design and installation of all required pipelines needed to
connect the 18 high risk residential dwellings to the existing NID water service
system now located in the immediate adjacent area. This will include the
installation of a main trunk pipeline through the area where wells have the highest
exposure. Essentially, this main feed pipe or trunk line will expand the existing NID
potable water supply system currently in use and located in the Whispering Pines
business park located to the north and in certain locations along Brunswick Road in
the vicinity of its intersection with Bennett Street located to the east. The truck line
would trend westerly from Brunswick Road down Bennett Street then turn
northerly to connect with the existing NID service systems located next to the Idaho-
Maryland mine site within the Whispering Pines Business Park. Underground
secondary feeder pipelines should also be installed beneath driveways connecting
Bennett Street to cul-de-sacs that serve dwellings at the end of the secondary
roadways. These secondary feeder pipes would connect the main trunk line under
Bennett Street to connector hubs located beneath cul-de-sacs located at the ends of
secondary driveways. Finally, a third tier of piping called connector pipes need
installation to connect secondary pipelines that terminate beneath cul-de-sacs to
each individualized plumbing system located inside each of the eighteen dwellings.

The second stage of the mitigation program shall include the continuation of
monitoring of all wells including those wells associated with those residential
dwellings noted above and connected by the applicant to the NID water supply
system. To date, the applicant has developed a well established hydrogeologic
baseline to define the characteristics of the hydrogeologic system located in the
study area. None-the-less, with this baseline there still may exist uncertainties
about responses to future mine dewatering by wells located at greater distances
from the mine. Therefore, the frequency of the future well monitoring program
should be increase to weekly intervals for all wells including the remaining 60 wells
in the monitoring program not connected to NID and also including the 18 wells
associated with residential dwellings that will be connected to NID services by the
applicant, as outlined above. This weekly monitoring interval shall be sustained for
the first three months after dewatering commences or until the upper 900 feet of
mine workings are dewatered. During this time interval all underground workings
in the brittle zone where fractures are most dominate in the upper 500 feet of
geology located beneath the surface will be dewatered. If during this first three
months the baseline conditions are maintained in all wells the frequency of well
monitoring can then be relaxed to bi-monthly intervals for the remainder of mine
dewatering for however long that may be.

As mine dewatering progress to completion a secondary response plan shall already
be designed and ready for implementation if it is determined that a well or wells
has/have become or are being impacted. This plan shall include readiness to place
temporary water tanks on any property with a failing well for immediate usage to
ensure the dwelling is provided a sustained supply of potable water. The applicant
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shall already have an established relationship with local contractor(s) designated to
perform required services if/when they are needed to ensure immediate response
once relevant decisions have been made.

For the 60 parcels with wells not initially connected to existing NID services the
applicant shall provide a reasonable financial assurance program to ensure
installation of a temporary water source, as deemed necessary at a later date per
results of the on-going well monitoring program. Should a significant impact take
place to any well during the life of the mine, commencing upon initial dewatering of
the mine, a temporary water source shall be provided to the affected well owner
prior to the installation of a permanent water source to the parcel. The temporary
water source will be installed and made operational immediately after first
conclusive signs of impact are made and while ample well water is still available.
Temporary water source(s) would include the installation of an on-site water tank
or other effective method capable of providing and storing water in sufficient
capacities until the permanent water supply is connected. During the installation of
the temporary water source an immediate supply should include water delivered by
truck, bottled water, and/or alternative lodgings until the temporary supply is
established. The costs of all immediate and temporary and permanent water
supplies and storage facilities will remain the burden of the applicant.

After use of an immediate water supply and during installation of the temporary water
supply system the installation of a permanent water source shall be initiated immediately
after the well(s) have displayed a definite and sustained negative response to mine
dewatering. Such a response will be determined by a qualified third party professional and
each well response to mine dewatering will be determined as significant, on a case by case
basis, determined by comparison of reported well data to the baseline data collected to the
date of the reported impact by a qualified professional. Immediate and temporary water
systems will be removed once permanent serviced is installed and the cost associated with
the installation of the permanent system will be the responsibility of the applicant. Once
installation of the permanent water supply system is completed by the applicant and at his
expense, the responsibility of all other water delivery costs will be the burden of the
property owner.

Issues of Concern Relating to Surface Waters in Wolf and South Fork Wolf Creek
Watersheds

An impact would be generated if normal flow rates in the Wolf Creek and South Fork Wolf
Creek are reduced or eliminated as a result of partial or complete dewatering of
underground workings of the I[daho-Maryland Mine. Any potential impact to the quality of
surface water as a result of mine dewatering is addressed elsewhere by others.

No recommendations are provided because the net affect on surface water flow rates in
either channel will likely be negligible, if not completely absent for these reasons:

e During mine dewatering the flow of water in South Fork Wolf Creek would be
increased by 2,700 gallons per minute. But upon complete dewatering of the mine
the pump rate will be reduced again to the naturally occurring discharge rate
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averaging 850 gallons per minute as it has been sustained for several decades. All
inflow into the mine workings will be captured on near surface levels of the mine
and then pumped back to the surface for discharge to the surface drainage system.
Therefore, net loss to system will be zero although there will be a temporary
increase during mine dewatering;

¢ For milling operations the applicant will likely be required to buy or purchase water
for beneficiation. Once these waters are utilized/scrubbed they will likely be
discharged via approved waste streams thus slightly increasing flow rates in creeks;

e Inthe Wolf Creek watershed area approximately 1,996 AFY of ditch water infiltrates
into the subsurface thus contributing to base flow in down stream areas. In
addition, the estimated 1,195 AFY of rain that infiltrates into the subsurface will
continue to feed ground water reserves and add to base flow;

e In the South Fork Wolf Creek watershed area approximately 538 AFY of ditch water
infiltrates into the subsurface thus contributing to base flow in down stream areas.
In addition, the estimated 627 AFY of rain infiltrating into the subsurface will
continue to do so and add to base flow and ground water resources;

e Although Todd via Figures 8 and 13 indicates that all underlying geology is
saturated and water bearing to very deep depths even under existing mine
workings, that hydrogeologic conceptual model is not representative of actual in-
situ conditions. Per the USGS, the depth to bottom of most ground waters residing
in the subsurface environment in western Nevada County is 215 feet, although it is
likely to be as deep as 300 feet within the study area. Most mine workings are
below 500 feet bgs (Todd report, Figure 15). Therefore, a direct hydrologic
connection between surface streams and underlying mine workings is extremely
small if not lacking completely. Also, in areas beneath both channels the mine
workings to be dewatered are mostly absent at depths to 500 feet bgs. But where
they do exist it is only at very deep seated elevations deep within the elastic zone of
the underlying geology where hydrogeologic parameters maintain extremely low
values (Todd report, Figure 7). In the elastic zone, where tensile stresses in the rock
can not build up above tensile strengths, the materials are well within the limits of
their elastic range and cracking is limited if not absent all together. Therefore,
rocks are not stressed to failure because they can respond physically to changing
stress fields without cracking due the lithic off loading caused by erosion which
would be their outward display of failure. In addition, although the workings of the
Union Hill mine are nearby and trend under the channel of the South Fork Wolf
Creek at depth relatively close to the surface, as far as anyone knows, these
workings will not be dewatered and are not connected to the Idaho-Maryland mine
workings.

e Recommendations are not considered necessary because both creeks are far enough
removed horizontally and most of the mine workings are deep seated enough to
minimize any hydraulic connection. The huge distances between workings of the
mine and both creek channels should make a direct hydraulic connection between
them mostly if not completely nonexistent. Per Todd, most waters infiltrating into
the mine do so through surface areas exposed along lengths of three shafts
connected to underground workings of the mine and not through sidewalls of
working that are much more deep seated. In addition, since all near surface mine
workings are located only under hilltop or hillside areas the possibility of leakage
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from creeks to mine working is slight. Although the workings of the Union Hill mine
are near to the channel of the South Fork Wolf Creek, as far as anyone knows, these
workings will not be dewatered and are not connected to the Idaho-Maryland mine
workings and therefore will not be dewatered as a result of the I[daho-Maryland
mine dewatering activities.

III. Signatures and Certifications

Information contained within this technical memorandum reflects the professional
opinions of GeoSolutions, and was developed in accordance with currently available
information and accepted geologic practices. This report has been prepared solely for the
use of ESA and its client, the City of Grass Valley. Any reliance on this report by parties
other than ESA and the City of Grass Valley shall be at such parties’ sole risk.

The work described in this report was conducted under the direct supervision of the
registered professional geologist, certified engineering geologist, certified hydrogeologist,
and registered environmental assessor within the State of California, whose signature
appears below.

GeoSolutions

Thomas J. Knoch,

P.G.(6930), C.E.G.(2178), C.H.G. ((699), RE.A (07454)

Attachment (2)
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