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Subject: Geotechnical Engineering Report  
 
Dear Mr. Mossman: 

This report presents the results of our geotechnical engineering investigation for the 56-acre Centennial 
Industrial Site located at 10344 and 10350 Centennial Drive in Grass Valley, California. As proposed, the 
project is to include the construction of an engineered fill to support future commercial and industrial 
site development.  

The Site was historically used by the Idaho-Maryland Mine to deposit mine tailings. Because some of the 
historical tailings originated from other, more mineralized gold-quartz vein systems and contain 
elevated concentrations of heavy metals, Rise Grass Valley, Inc. is working with the California 
Department of Toxic Substances Control (DTSC) to develop a plan that consolidates and caps the 
mineralized mine tailings in a manner consistent with current state and federal regulations. The 
environmental cleanup work at the Centennial Industrial Site will be completed under the DTSC 
Voluntary Cleanup Program prior to the proposed industrial site development described herein. 

The findings, conclusions and recommendations presented in this report are based on NV5’s review of 
previous investigation findings; laboratory results; and published geological literature, surface 
reconnaissance, and experience with similar development projects and local geotechnical conditions. 
Our opinion is that the Site is suitable for the proposed improvements from a geotechnical engineering 
standpoint, provided that the recommendations presented in this report are incorporated into the 
proposed development plans.  

Our primary concern, from a geotechnical standpoint, is the presence of undocumented fill that will 
require reworking prior to support of site improvements. Mining waste (tailings and waste rock) and 
other undocumented fill are present in approximately two-thirds of the Site (primarily the central and 
northern portions). The undocumented fill is typically less than 5 feet deep, but is greater than 20 feet 
deep at some locations. In general, existing undocumented fill should not be relied upon to support 
proposed improvements. Fill that does not meet current building code standards should be excavated, 
moisture conditioned, and recompacted pursuant to the grading recommendations presented in this 
report. Other methods of mitigating undocumented fill, such as surcharge loading or deep foundations, 
may also be effective and should be evaluated on a case-by-case basis.  
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Recommendations for mitigating the undocumented fill and other identified geotechnical Site 
conditions are presented in this report. During construction, we should be retained to observe and 
confirm site conditions and modify our recommendations, if necessary. This report should not be relied 
upon without review by NV5 if a period of 24 months elapses between the issuance report date shown 
above and the date when construction commences. 

NV5 appreciates the opportunity to provide geotechnical engineering services for this important project. 
If you have questions or need additional information, please do not hesitate to contact the undersigned 
at 530-478-1305. 

Sincerely, 
NV5 

Prepared by: Reviewed by: 
 
 
 
Daniel Vieira, P.G. 9725 Chuck Kull, G.E. 2359 
Project Geologist Principal 

copies: PDF to Ben Mossman, ceo@risegoldcorp.com 
 PDF to Tessa Brinkman, tbrinkman.peng@gmail.com  
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1.0 INTRODUCTION 
At the request of Rise Grass Valley, Inc., NV5 performed a geotechnical investigation of the 56.4-acre 
Centennial Industrial Site located at 10344 and 10350 Centennial Drive in Grass Valley, California. The 
geotechnical investigation was performed in general accordance with NV5’s Proposal for Geotechnical 
Engineering Services dated August 30, 2019, a copy of which is included as Appendix A of this report. For 
your review, Appendix B contains a document prepared by Geoprofessional Business Association (GBA) 
entitled Important Information about Your Geotechnical Engineering Report, which summarizes the 
general limitations, responsibilities, and use of geotechnical reports. 

1.1 SITE DESCRIPTION 

The subject site (herein referred to as the “Site” or “subject site”) comprises approximately 56.4 acres 
and is located on the eastern boarder of the City of Grass Valley in Nevada County, California.  According 
to the Nevada County Geographical Information System (GIS) online database 
(https://gis.nevcounty.net/MyNeighborhood/) the Site is associated with assessor's parcel numbers 
(APNs) 009-550-032, 009-550-037, 009-550-038, 009-550-039, 009-550-040 and 009-560-036. The Site is 
accessible from the northwest via a gated road from Idaho Maryland Road and from the northeast near 
the intersection of Centennial Road and Whispering Pines Lane. Site access from East Bennett Road to 
the southeast is through adjacent private property. The Site is bordered by moderately developed 
mixed-use commercial properties to the east, Centennial Drive and Idaho-Maryland Road to the north, 
undeveloped land and minimally developed industrial properties to the south, and a commercial 
property to the west. Figure 1 shows the Site location. 

The Site is historically associated with the Idaho Maryland Mine, a former underground hardrock (lode) 
gold mining operation.  Mining and milling structures associated with the former mine were generally 
located to the east of the Site, and the Site was used primarily for storage of mine waste (tailings and 
waste rock). Remnant tailings associated with former tailings ponds are present in much of the central 
and northern portions of the Site. Two concrete towers, used for decanting of the former tailings ponds, 
are located in the northwestern portion of the Site. 

The Site topography is irregular, with forested, moderate north-facing slopes in its southern portion and 
gentle, north-sloping surfaces at the former tailings pond areas. The Site generally drains north towards 
Wolf Creek, which flows from east to west along the northern site boundary. A remnant soil and rock 
berm is located at the northern boundary of the former tailings pond area above Wolf Creek. Elevations 
range from approximately 2,470 feet above mean sea level (AMSL) at Wolf Creek near the northwestern 
corner to approximately 2,580 feet AMSL in the southeastern corner of the Site. 

1.2 PROPOSED IMPROVEMENTS 

Proposed earthwork improvements are depicted on a grading plan (Sheet C-1) prepared by Nevada City 
Engineering, Inc. and an infrastructure plan (Sheet C101) prepared by Rise Grass Valley, Inc. (November 
2019). The proposed improvements include placement of up to 40 vertical feet of engineered fill, much 
of which will originate from underground mine workings as blast rock and sand tailings. Particle size 
distribution of the proposed rock and sand fill, and general recommendations for blending of the 
materials prior to placement as engineered fill, are presented below in Section 5.1.1.  

The engineered fill surface will cover most of the Site and is to be used as a building pad for future 
commercial and industrial development. Specific structural improvements (e.g., future buildings, roads 
and utilities) have not been determined and are not part of the current development project.  
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The proposed elevation of the finished fill surface is approximately 2,520 feet AMSL near the northwest 
corner of the Site and approximately 2,565 feet AMSL near the southeast corner of the Site. The finished 
fill surface is to slope to the west-northwest at an approximate gradient of 2.4%, and storm water runoff 
is to be collected in a proposed detention pond to be located in the northwest corner of the Site. The 
proposed fill slope gradients are generally 3:1, horizontal:vertical (H:V).  

Appurtenant improvements include surface water and storm water conveyance beneath and adjacent to 
the fill. Surface water runoff entering the Site from a box culvert crossing the eastern Site boundary is to 
be routed beneath the fill to the northwest, and the culvert outfall is to be located at the northern toe 
of the fill near Centennial Drive. Storm water discharged from the culvert is to be routed overland to 
Wolf Creek.  

1.3 PURPOSE 

NV5 performed a site reconnaissance and reviewed development plans, previous investigation findings, 
laboratory results and published geological literature to develop geotechnical engineering 
recommendations and design criteria for the proposed industrial site development. 

1.4 SCOPE OF SERVICES 

To prepare this report, we performed the following scope of services: 

• We performed a site investigation, including a site reconnaissance, literature review, and review 
of the results of previous subsurface investigation and laboratory testing. 

• Based on our investigation findings and evaluation of previous investigation data, we provided 
geotechnical engineering recommendations and design criteria for earthwork and structural 
improvements. 

Our scope of services did not include a groundwater flow analysis nor an evaluation of the Site for the 
presence of hazardous materials, mold, or radon gas. Therefore, the potential presence and mitigation 
of these conditions are not discussed in this report. 

2.0 SITE INVESTIGATION 
The site investigation included a literature review of published and unpublished geologic documents and 
maps, review of the results of previous subsurface investigation and laboratory test results, and surface 
reconnaissance.  Each component of the site investigation is presented below. 

2.1 LITERATURE REVIEW 

We reviewed the following published maps and literature. 

2.1.1 Soil Survey 

According to the Soil Survey of Nevada County Area, California (United States Department of Agriculture 
Soil Conservation Service and Forest Service, 1975), soil conditions near the southern site boundary are 
mapped as Secca-Rock outcrop complex, which is described as moderately well-drained soils underlain 
by metabasic or basic rock. According to the soil survey, weathered rock is typically encountered at a 
depth of approximately four feet below the ground surface (bgs) in areas mapped as Secca-Rock outcrop 
complex, and rock outcrop typically comprises 10 to 40 percent of the mapped area. The Soil Survey 
maps the remainder of the Site as mined land, although the Soil Survey incorrectly maps the hardrock 
tailings as placer tailings. 
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2.1.2 Geologic Setting 

The Property is located within a region underlain by a complex assemblage of igneous and metamorphic 
rocks in the western foothills of the Sierra Nevada.  The regional structure of the foothills is 
characterized by the north-northwest trending Foothills Fault System, a feature formed during the 
Mesozoic era (between approximately 65 million and 248 million years ago) in a compressional tectonic 
environment.  A change to an extensional tectonic environment during the late Cenozoic (approximately 
within the last 30 million years), resulted in normal faulting which has occurred coincident with some 
segments of the older faults near the Site. 

According to Saucedo and Wagner (1981), the Site location is underlain by gabbro and ultramafic rocks 
associated with the Lake Combie complex. Tuminas (1983) depicts the western quarter of the Site 
location as being underlain by ultramafic rocks and the remainder of the Site location as underlain by 
gabbro.  

Johnston (1939) depicts the historical Maryland Mine approximately 400 feet northeast of the Site, 
located on a gold-bearing quartz vein that dips beneath the Site at an angle of 50 to 70 degrees. The 
South Idaho shaft is depicted near the southwestern corner of the Site, located on a vein that dips away 
from the Site to the south at approximately 60 degrees. The Grass Valley Fault system is mapped to the 
southwest of the Site, and the Idaho Fault is mapped to the north of the Site. The Grass Valley Fault is 
not considered active. 

We reviewed California Geological Survey Open File Report 96-08, Probabilistic Seismic Hazard 
Assessment for the State of California, and the 2002 update entitled California Fault Parameters. 
The documents indicate the property is located within the Foothills Fault System. The Foothills Fault 
System is designated as a Type C fault zone, with low seismicity and a low rate of recurrence. The 1997 
edition of California Geological Survey Special Publication 42, Fault Rupture Hazard Zones in California, 
describes active faults and fault zones (activity within 11,000 years), as part of the Alquist-Priolo 
Earthquake Fault Zoning Act. The map and document indicate the Site is not located within an Alquist-
Priolo active fault zone. 

2.2 PREVIOUS SITE INVESTIGATIONS 

NV5 reviewed the following previous geological/geotechnical investigations performed at the Site. The 
following summaries include findings and conclusions presented in these reports that are pertinent to 
the currently proposed development. The subsurface soil conditions described in the following reports 
are summarized in Section 2.3.2 below. The referenced reports are included in Appendix C. 

2.2.1 Vector Engineering, Inc. (1990) 

Vector Engineering, Inc. (Vector, 1990) performed a subsurface investigation and analytical testing for 
heavy meals. The investigation included soil sampling from four exploratory excavations (BH-1 through 
BH-4) located in the northwestern tailings area of the Site. Samples were obtained from depths up to 
approximately 15 feet bgs, and the depth of tailings were recorded. Vector reported that metals 
including arsenic, chromium, and lead were detected in samples from the test pits.  

2.2.2 Vector Engineering, Inc. (1993) 

Vector (1993) performed a subsurface investigation and analytical testing for heavy metals and cyanide 
in mine tailings. Vector (1993) excavated 19 exploratory trenches and contracted for analysis of 28 
discrete samples of tailings, soil and bedrock. Samples were tested for pH and total concentrations of 
metals.  
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2.2.3 Holdrege & Kull (2004) 

NV5, previously Holdrege & Kull (H&K, 2004), prepared a Preliminary Geotechnical Engineering Report 
for three Grass Valley properties including the subject Site. The scope of the preliminary investigation 
included review of pertinent geologic, soil survey and historical information, review of the findings of 
previous investigation, and site reconnaissance. No subsurface investigation or laboratory testing was 
performed.  

2.2.4 Engeo Incorporated (2007) 

Engeo Incorporated (Engeo, 2007) performed a geotechnical engineering investigation of the Idaho 
Maryland Mine Property, which included the subject site and property to the south and southeast, 
comprising a total of 138 acres. The purpose of the investigation was to support the design of surface 
facilities and improvements. The report presents the results of subsurface investigation, laboratory 
testing, and engineering analysis; geotechnical recommendations for design of formerly proposed 
structures and roads; and an opinion regarding the stability of an existing earth dam located on property 
immediately east of the Site. 

Engeo (2007) advanced 19 hollow-stem auger borings, 11 of which were located on the Site, using CME 
75 and CME 850 drill rigs. The maximum boring depth was approximately 50 feet bgs. Bulk soil samples 
were obtained from drill cuttings, and relatively undisturbed soil samples were obtained from the 
borings using a Modified California Sampler (3-inch outer diameter split spoon sampler with thin-walled 
metal liners). Standard Penetration Test (SPT) and Modified California Sampler blow counts were 
recorded for a 140-pound hammer and 30-inch free fall. Blow counts were typically recorded for the 
final 12 inches of the sample interval.  

Engeo (2007) advanced 11 exploratory excavations at the Site using a Caterpillar 320C excavator with a 
24-inch-wide bucket. The maximum excavation depth was approximately 13 feet bgs. Bulk soil samples 
were obtained from the exploratory excavations.  

A slope stability analysis was performed on the berm at the eastern boundary of the Site. The analysis 
parameters included subsurface soil conditions encountered in borings B20 and B22 explored on top of 
the berm, and assumed conditions within the tailings pond on the east side of the berm. Static and 
pseudo-seismic stability analysis of the berm resulted in 1.6 and 1.4 factors of safety, respectively. The 
analysis did not assess water levels above the existing ground surface with the use of the berm as a dam. 

Geotechnical laboratory tests included moisture content, dry density, unconfined compression, plasticity 
index, corrosion, direct shear, R-value, and grain size analysis. Engeo (2007) concluded that the Site was 
suitable for the proposed industrial development from a geotechnical engineering standpoint. Engeo 
(2007) provided geotechnical recommendations for the previously proposed development, which 
included but were not limited to the following topics:   

• Existing undocumented fill, 
• Expansive soil, 
• Shallow bedrock and excavation, 
• Differential fill thickness,  
• Soil corrosion potential, 
• Groundwater, and  
• Future operations of the culvert tower structure. 

Engeo’s (2007) findings are summarized below. 
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Existing Undocumented Fill 

Undocumented (non-engineered) fill is present across the majority of the Site (particularly the central 
and northern portions) and consists of mine tailings, lumber mill waste, and fill associated with previous 
site use.  The undocumented fill is subject to settlement and cannot be relied upon from a structural 
standpoint.  

Expansive Soil 

Engeo (2007) encountered potentially expansive clay/silt layers within the mine tailings. The laboratory 
test results indicated that these soils exhibit low to moderate shrink/swell potential with variations in 
moisture content. Moderately to highly expansive soil layers were encountered in exploratory 
excavations TP3, TPI5, TP18 and TPI9, and may be encountered elsewhere at the Site.  

According to the exploratory trench logs, the clay/silt layers encountered in exploratory excavations 
TP3, TPI5, TP18 and TPI9 were located at depths ranging from 0 to 3 feet bgs and were typically 1½ to 
3½ feet thick. The clay/silt was typically encountered in the tailings fill or at the native soil/bedrock 
interface. 

Shallow Bedrock and Excavation 

Engeo (2007) encountered bedrock at depths as shallow as 1 foot bgs along the margins of the tailings 
fill. The upper five feet of the andesite and gabbro bedrock was typically weathered to a degree that it 
appeared excavatable with larger equipment, such as a Cat 235 or larger excavator. 

Soil Corrosion Potential 

Engeo (2007) contracted for the analysis of 15 soil samples for pH, electrical resistivity, sulfate, and 
chloride. Eight of the samples were obtained from the Site. Results for site samples are summarized 
below and are listed in the attached report. 

Table 2.2-1, Summary of Soil Resistivity Test Results, Engeo (2007) 

Parameter Method n Min Mean Max 
pH CTM 643 8 6.77 7.38 8.15 
Min. Resistivity CTM 643 8 0.83 3.47 6.97 
Chloride CTM 422 8 4.20 8.24 14.20 
Sulfate CTM 417 8 5.90 65.74 206.2 

Notes: 
CTM = Caltrans Test Method 
n = population (number of soil samples) 
NL = address not listed 
 
Engeo (2007) reported that the detected sulfate concentrations correspond to “negligible” sulfate 
exposure for concrete structures pursuant to the California Building Code. Soil samples  TP3 at 5 feet 
and B8 at 3 feet (both located in the northeastern portion of the Site) had anomalously low resistivities 
(0.83 and 0.88 ohm/cm x 1000) and higher sulfate concentrations (113.4 and 206.2 ppm), indicating that 
they are very severely corrosive to buried metal.  
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2.3 FIELD INVESTIGATION 

We performed a field investigation, which included a site reconnaissance and review of subsurface 
conditions identified during previous investigations. Our site reconnaissance was performed on 
November 1, 2019. 

2.3.1 Surface Conditions 

The 56-acre Site is generally described as rolling terrain with forested, moderate north-facing slopes in 
its southern portion and gentle, north-sloping surfaces at the former tailings pond areas in the 
remainder of the Site. Much of the original topography has been changed by the deposition and 
subsequent removal of tailings. The Site generally drains north towards Wolf Creek, which flows from 
east to west along the northern site boundary. Remnant soil/tailings/waste rock berms are located at 
the northern boundary of the former western tailings pond area above Wolf Creek and on the perimeter 
of the eastern tailings pond area. Surface features are described below. 

 
Inset 2.3.1-1: Simplified Site Map 

Tailings 

Mine tailings overlie native soil and weathered rock across much of the central and northern portions of 
the Site. Based on subsurface investigations by Engeo (2007) and Vector (1993, 1990), as summarized 
below in Section 2.3.2, tailings depths are typically less than 5 feet bgs. Tailings depths range up to 
approximately 12 feet bgs in the northeastern corner of the eastern tailings pond (near Centennial 
Drive) and up to approximately 20 feet bgs on the northern edge of the western tailings pond. 
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Berms   

Relic retention berms are present near the northern edge of the Site, centrally within the Site, and along 
the eastern boundary. The berms are generally comprised of waste rock, tailings and other 
undocumented fill. Angular rock and soil are generally exposed on the berm surfaces.   

The northern berm creates the northern boundary of the former tailings pond. This northern berm is up 
to approximately 20 feet tall from its northern toe to the crest and up to approximately 15 feet tall from 
its southern toe to the crest.  The crest is up to approximately 25 feet wide and narrows to the east. The 
side slopes of the berm are generally moderate, but the eastern segment of the berm contains slopes 
steeper than 2:1, H:V.  

Discontinuous berm segments are also present in the central portion of this site, and are comprised of 
tailings, waste rock, and other undocumented fill.  

A berm was historically constructed at the eastern Site boundary as a dam for a pond located 
immediately east of the Site. The western flank of this berm is located on the Site, and the eastern flank 
is located on adjacent property (the former location of the Lausman lumber mill). The berm is 
approximately 25 feet tall from the western toe to the crest. The crest is approximately 20 feet wide and 
supports a gravel road.  Side slopes are up to approximately 1½:1, H:V. The lower portion of the western 
slope face is covered with rip-rap up to 12 inches in greatest dimension.  

A 36-inch by 36-inch concrete box culvert extends through the base of the eastern berm near its 
midpoint and conveys water from the pond onto the Site.  Engeo (2007) describes an approximately 36-
foot-tall inlet tower within the pond on adjacent property. The inlet structure was not observed due to 
dense vegetation in the dry pond at the time of the Preliminary Environmental Assessment (PEA) 
reconnaissance.   

Hap Warnke Mill 

The Hap Warnke lumber mill operates intermittently in a three-acre area located in the northeast corner 
of the Site. The existing lumber mill is located to the north of the proposed engineered fill area and is 
not part of the proposed development project.  

Roads and Utilities 

A gravel road extends from the northern portion of the Site in the vicinity of Centennial Drive through 
adjacent property to the south to East Bennett Road. A private buried water line is reportedly located 
within this alignment. Several dirt access roads meander through the Site. Overhead power lines are 
located along the south side of Idaho Maryland Road.  No utility survey was performed as part of this 
investigation, and other utilities may be present at the Site.  

South Idaho Shaft 

The historical South Idaho Shaft is mapped near the southeastern corner of the site. No records of 
physical shaft closure were available for review. Based on information provided by Rise Grass Valley, 
Inc., we understand the South Idaho workings are not connected to the Idaho-Maryland Mine workings.  

2.3.2 Subsurface Soil Conditions 

Exploratory borings and excavations performed by Engeo (2007) and Vector (1993, 1990) typically 
encountered mine tailings and waste rock fill overlying a thin native soil profile and underlying 
weathered bedrock. 
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Tailings depths are typically less than 5 feet bgs. Tailings depths range up to approximately 12 feet bgs in 
the northeastern corner of the eastern tailings pond (near Centennial Drive) and up to approximately 20 
feet bgs on the northern edge of the western tailings pond (near the northern berm). Thicker deposits of 
tailings and waste rock are present in the northern berm, which extends up to approximately 20 feet 
above the ground surface and forms the northern boundary of the western tailings pond. The eastern 
berm extends up to approximately 25 feet above the ground surface and was historically constructed to 
retain water east of the Site. The berms are generally comprised of waste rock, tailings and other 
undocumented fill.  

Engeo (2007) described the tailings as silt and sand with occasional gravel and clay. Bedrock underlying 
the tailings was typically described as weathered gabbro and diabase. In general, the gabbro was weak 
and highly weathered while the diabase was generally strong and moderately weathered. Engeo (2007) 
encountered approximately 30 feet of loose to medium dense “tailings fill” in exploratory boring B10, 
which was advanced through the northern waste rock berm. 

Subsurface conditions reported by Engeo (2007) and Vector (1990, 1993) are summarized in Table 
2.3.2-1 below. 

Table 2.3.2-1, Summary of Subsurface Exploration 
Exploratory 

Location Reference Location Tailings Depth 
(ft bgs) 

Total Exploration 
Depth (ft bgs) 

SA-1 Vector (1993) WTP 2.5 4.5 
SA-2 Vector (1993) WTP 2.0 5.0 
SA-3 Vector (1993) WTP none 2.0 
SA-4 Vector (1993) WTP 6.0 10 
SA-5 Vector (1993) WTP-N 5.0 15 
SA-6 Vector (1993) WTP-N >17 17 
SA-7 Vector (1993) WTP 7.0 12 
SB-1 Vector (1993) WTP-N 6.0 (WR) 9.0 
SB-2 Vector (1993) ETP 4.5 (WR) 7.0 
SB-3 Vector (1993) ETP-E 4.0 (WR) 7.0 
SB-4 Vector (1993) ETP-E 2.0 3.5 
SB-5 Vector (1993) ETP-E 2.0 6.0 
SB-6 Vector (1993) ETP 3.0 6.5 
SB-7 Vector (1993) ETP 3.0 6.0 
SB-8 Vector (1993) ETP-E 4.0 7.0 
SB-9 Vector (1993) ETP 4.0 6.0 

SB-10 Vector (1993) ETP none 2.0 
SB-11 Vector (1993) ETP-E 3.0 5.0 
SB-12 Vector (1993) none NR NR 
SB-13 Vector (1993) SIL NR NR 
HS-1 Vector (1990) WTP-N 4.5 (WR) 6.0 
HS-2 Vector (1990) WTP-N >12 12 
HS-3 Vector (1990) ETP-E >11 11 
B1 Engeo (2007) WTP-N 2.5 (possible WR) 10.5 
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Table 2.3.2-1, Summary of Subsurface Exploration 
TP2 Engeo (2007) ETP 7.5 13.5 
TP3 Engeo (2007) ETP 3.5 11 
B4 Engeo (2007) WTP 6 20.5 
B5 Engeo (2007) WTP-N none 11.5 
B6 Engeo (2007) HWLM none 10 
B7 Engeo (2007) HWLM none 10.5 
B8 Engeo (2007) ETP-E 10 15.5 
B9 Engeo (2007) WTP-N 10 15.5 

B10 Engeo (2007) Northern Berm 30 (WR/tailings berm) 30.5 
TP11 Engeo (2007) WTP 2.5 10 
B12 Engeo (2007) WTP-N 15 20.5 

TP13 Engeo (2007) WTP 1 5.5 
TP14 Engeo (2007) WTP 1 6.5 
TP15 Engeo (2007) WTP 1.5 5.5 
TP16 Engeo (2007) WTP 3.5 10 
TP17 Engeo (2007) ETP 1.5 10 
TP18 Engeo (2007) ETP 3.5 10 
TP19 Engeo (2007) ETP-E 6 11.5 
B20 Engeo (2007) Eastern Berm 20 (WR/tailings berm) 35.5 

TP21 Engeo (2007) ETP-E 4.5 11 
B22 Engeo (2007) Eastern Berm 25 (WR/tailings berm) 50.5 

Notes: 
ETP = Eastern Tailings Pond 
ETP-E = Eastern Tailings Pond, Eastern (older, deeper portion) 
WTP = Western Tailings Pond 
WTP-N = Western Tailings Pond, Northern (older, deeper portion) 
HWLM = Hap Warnke lumber mill 
SIL = South Idaho location 
NR = not recorded 
WR = waste rock 

 
2.3.3 Groundwater and Surface Water Conditions 

An Aquatic Resources Delineation prepared by Matuzak (2019) identifies locations within the Site that 
are characterized as riparian, meadow and marsh. These areas and other locations within the site may 
be subject to seasonal seepage and standing water. The seasonal seepage and standing water are likely 
to be associated with near-surface conditions and are not likely representative of groundwater beneath 
the Site, which typically occurs in bedrock fractures. 

Local groundwater well completion reports are available on the California Department of Water 
Resources (DWR) Well Completion Report Map Application (2019). The database reports that over 50 
domestic and monitoring groundwater wells are on record within approximately 1 mile of the subject 
property. Reported well depths range from 11 to 550 feet bgs. Static groundwater depths are reported 
as shallow as 3 feet bgs in shallow wells completed in permeable soil, but typical depths to usable 
groundwater are greater than 60 feet bgs within fractured bedrock.  
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Engeo (2007) encountered groundwater at a depth of 50 feet in exploratory boring B22, which was 
terminated at a depth of 50.5 feet bgs in weathered bedrock (the boring extended approximately 11 
feet into the weathered metavolcanic rock). This water was likely perched on the weathered rock rather 
than being representative of the actual groundwater surface, which is commonly encountered at greater 
depth in fractured bedrock. Perched groundwater was encountered in exploratory excavations TP2 and 
TP18 at depths of 9 and 3 feet bgs, respectively.  Groundwater was not encountered in other 
exploratory borings or excavations during the Engeo (2007) investigation.  

A dry pond associated with past lumber milling operations is located on adjacent property immediately 
to the east of the Site. The presence of cattails and other hydrophytic vegetation in this area suggests 
seasonal saturation of near-surface soil. 

3.0 LABORATORY TESTING 
Laboratory testing was not performed as part of the current investigation.  The laboratory tests 
performed by others are presented in Appendix D and in their respective reports in Appendix C. 

4.0 CONCLUSIONS 
The following conclusions are based on our field observations, laboratory test results, and our 
experience in the area.  

1. It is NV5’s opinion that, from a geotechnical engineering standpoint, the Site is suitable to support 
the proposed improvements, provided that the geotechnical engineering design 
recommendations presented in this report are incorporated into the development plans. 

2. The validity of the recommendations presented in this report is contingent upon our review of 
construction plans and our observation and testing during construction. Prior to the finalization of 
development plans, NV5 should be retained to review the plans in order to verify that our 
recommendations have been incorporated, and to provide additional recommendations if 
necessary. NV5 should be retained to observe and test during construction to verify that our 
recommendations are implemented, and to verify that subsurface conditions are as encountered 
in the exploratory locations.  

3. Our primary concern, from a geotechnical standpoint, is the presence of undocumented fill that 
will require reworking prior to support of site improvements.  

a. Mining waste (tailings and waste rock) and other undocumented fill are present in 
approximately two-thirds of the Site (primarily the central and northern portions). The 
undocumented fill is typically less than 5 feet deep, but is at least 12 feet deep in the 
northeastern corner of the eastern tailings pond (near Centennial Drive) and up to at least 20 
feet deep on the northern edge of the western tailings pond. Deeper fill is present within 
former retention berms located in the north, central and eastern portions of the Site. The 
undocumented fill typically includes tailings, waste rock and soil that were not placed in 
accordance with the standards of geotechnical engineering practice.  

b. In general, existing undocumented fill should not be relied upon to support proposed 
improvements. Fill that does not meet current building code standards should be excavated, 
moisture conditioned and recompacted pursuant to the grading recommendations presented 
in this report.  General recommendations for mitigation of undocumented fill are presented in 
Section 5.1.3. Other methods of mitigating undocumented fill, such as surcharge loading or 
deep foundations, may also be effective and should be evaluated on a case-by-case basis.  
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4. NV5 understands that the proposed future underground mining operations will produce blast rock 
and sand tailings in approximately equal proportions. The rock and sand are to be transported to 
the ground surface and then blended prior to placement as engineered fill to support future 
industrial site development. Based on particle size data provided by Rise Grass Valley, Inc. (Section 
5.1.1), NV5 anticipates that waste rock and tailings generated by the proposed mining operation 
will meet the geotechnical engineering criteria for structural fill presented in Section 5.1.6.  
General recommendations addressing rock fill placement are presented in Section 5.1.1 of this 
report. 

5. The historical South Idaho Shaft is mapped in the southeastern portion of the Site near the upper, 
southern edge of the proposed engineered fill. No records of physical closure of the mine portal 
are known. Based on information provided by Rise Grass Valley, Inc., we understand the South 
Idaho workings are not connected to the Idaho-Maryland Mine workings. The abandoned mine 
feature may be unsuitable for support of future structural improvements and may present 
potential physical hazards. Because the historically mapped feature is located in an area of shallow 
fill that is proposed for future development, the portal should be located and physically closed in 
accordance with recommendations from a qualified geotechnical engineer under a building permit 
from the appropriate local agency.    

6. Thin lenses of expansive clayey soil are present at some location at shallow depths. Expansive 
near-surface soils tend to shrink and swell with seasonal moisture variations and can result in 
damage to structural improvements such as foundations, slabs-on-grade and other flatwork. 
Based on the typical depth of fill as described in Section 1.2, we do not anticipate that future 
improvements will be located near the expansive soil layers. Expansive soil, when located in areas 
of proposed infrastructure improvements, can be mitigated by conventional earthwork 
procedures (e.g., removal of the potentially expansive clay or blending with granular material).  

7. Based on our site observations, the geology of the region and our experience in the area, our 
opinion is that the risk of seismically induced hazards such as slope instability, liquefaction, and 
surface rupture are remote at the Site. We do not anticipate that the proposed project will result 
in the destruction, covering, or modification of any known unique geological and/or physical 
features. 

8. Based on the typical depth of fill as described in Section 1.2, we do not anticipate that significant 
bedrock excavation will be required. However, if excavation is proposed for grading or utility 
installation below the weathered bedrock surface, areas of resistant rock may be encountered 
which may require ripping, splitting or hammering, to increase the rate of excavation.  

a. If more detailed information regarding excavatability of the bedrock is required, a seismic 
refraction study should be performed or additional trenches/borings should be advanced to 
further define the type and size of equipment planned for construction.  

b. Spoil resulting from rock excavation will likely consist of angular rock fragments that may be 
suitable for use as fill depending on the nominal size of the rock fragments, but will likely 
require specific recommendations for fill placement and observation to confirm compaction. 
General recommendations addressing rock fill placement are presented in Section 5.1.8 of this 
report. 
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9. Some locations within the Site are characterized by others as riparian, meadow and marsh. These 
areas and other locations within the Site may be subject to seasonal seepage and standing water. 
The seasonal seepage and standing water are likely to be associated with near-surface conditions 
and are not likely representative of groundwater beneath the Site, which typically occurs in 
bedrock fractures. We anticipate that areas of moist to saturated soil conditions and groundwater 
seepage will likely be encountered at these locations during grading if performed during the 
winter, spring or early summer. Recommendations addressing subsurface drainage, moisture 
conditioning, surface drainage, and fill placement are presented in Section 5.0 below.  

5.0 RECOMMENDATIONS 
The following geotechnical engineering recommendations are based on our understanding of the 
project as currently proposed, our field observations, results of laboratory testing by others, engineering 
analysis, and our experience in the area. Areas of the Site that are identified as containing historic mine 
tailings with elevated metals concentrations shall be subject to selective grading techniques and 
procedures provided by others in accordance with applicable jurisdictional regulations and constraints 
as part of the separate DTSC cleanup project.  

5.1 GRADING 

The following sections present our grading recommendations. The grading recommendations address 
import fill, clearing and grubbing, soil preparation, existing fill, cut slope grading, fill placement, fill slope 
grading, rock fill, erosion control, subsurface drainage, surface water drainage, construction dewatering, 
underground utility trenches, soil corrosion potential, plan review, and construction monitoring.  

5.1.1 Import Fill 

Proposed import soil fill and proposed import rock fill should meet the geotechnical engineering 
material properties described in Sections 5.1.6 and 5.1.8 of this report. This advisory represents the best 
practice for characterization of soil/rock prior to import for use as engineered fill. The project engineer 
should approve all proposed import fill for use in constructing engineered fills at the Site.  

We understand that the sand tailings will likely have a gradation similar to the historical tailings 
gradation presented in the table below, and will typically have a large proportion of quartz. 

Table 5.1-1, Particle Size Gradation, Historical Sand Tailings 

Mesh Size Particle Size (mm) Particle Size 
(micron) 

Percent 
Passing Description 

48 0.300 300 97.7 Medium Sand 
65 0.212 212 87.5 Fine Sand 

100 0.150 150 63.9 Fine Sand 
200 0.075 75 32.3 Silt 
325 0.044 44 12.1 Silt 

Note:  Particle size data provided by Rise Grass Valley, Inc. 
 
We understand that the blast rock will typically be crushed underground to approximately 6 inches 
maximum dimension, and will generally consist of the following rock types.  
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Table 5.1-2, Typical Blast Rock Composition 

 Rock Type Percent of Total 
Meta-Andesite 96% 
Altered Meta-Andesite 2% 
Diabase 1% 
Serpentinite 1% 

 
Based on these general particle sizes we make the following recommendations: 

1. The proposed use of 100 percent sand tailing for engineered fill is acceptable, provided the 
grading recommendations presented in this report are followed. Sand tailings should be tested 
and approved by NV5 prior to placement as engineered fill to confirm it meets the engineered fill 
criteria and allow for adjustments to gradation or placement and compaction procedures, if 
necessary. 

2. Crushed blast rock with a maximum dimension of 6 inches may be blended into the sand tailings to 
produce engineered fill material at a ratio of up to 2 parts blast rock to 1 part sand tailings. A 
rock:sand ratio greater than a 2:1 ratio may be feasible but would not likely be testable using 
nuclear methods. When testing by nuclear density gauge is not possible, the development of a 
procedural test method is typically required, involving continuous observation to verify blending, 
placement and compaction effort.  

3. To simplify future site development (e.g., construction of underground utilities and structure 
foundations), a maximum rock dimension of 2 inches is recommended within five vertical feet of 
the finished subgrade surface and within five horizontal feet from the face of proposed fill slopes. 

4. Onsite blending of blast rock and sand tailings may be performed by earthwork equipment (e.g., 
windrowing and spreading the rock and sand together in thin lifts). Specific procedures for onsite 
blending should be developed in conjunction with an NV5 representative during initial fill 
placement.  

5. Based on the particle size distribution and rock types provided (above) by Rise Grass Valley, Inc., we 
anticipate that the density of the engineered fill compacted to 90% of the ASTM D1557 maximum 
dry density may range from approximately 115 to 140 pounds per cubic foot (pcf) depending upon 
the percentage of rock blended into the fill. This rough estimate should be verified by laboratory 
testing of selective ratios of the blended materials. 

5.1.2 Clearing and Grubbing 

The areas to be graded should be cleared and grubbed to remove vegetation and other deleterious 
materials, as described below. 

1. Strip and remove debris from clearing operations and the topsoil containing shallow vegetation, 
roots and other deleterious materials. The organic topsoil can be stockpiled onsite and used in 
landscape areas but is not suitable for use as fill. The project geotechnical engineer should 
approve any proposed use of the spoil generated from stripping prior to placement.  

2. Overexcavate any relatively loose debris and soil that is encountered in our exploratory trenches 
or any other onsite excavations to underlying, competent material. Possible excavations include 
exploratory trenches excavated by others, mantles or soil test pits, holes resulting from tree 
stump or boulder removal, and mining relics. 
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3. Any loose, untested fill that is encountered during site development should be overexcavated to 
competent native soil or weathered rock, as determined by a representative of NV5, a minimum 
of 5 feet beyond the areas of proposed improvements. 

4. Overexcavate any encountered leach lines, abandoned sewer, water, and fuel lines, and loose soil 
in abandoned subsurface utility line trenches within the proposed improvement areas to 
underlying competent soil, as determined by a representative of NV5. 

5. Remove rocks greater than 8 inches in greatest dimension (oversized rock) from native soil by 
scarifying to a depth of 12 inches below finish grade in areas to support pavement, slabs-on-grade 
or other flatwork. Oversized rock may be used in landscape areas, rock landscape walls, or 
removed from the Site. Oversized rock can be stockpiled onsite and used to construct fills, but 
must be placed at or near the bottom of deep fills and must be placed in windrows to avoid 
nesting. No oversized rock should be placed in the upper 3 feet of any structural fill. Unless used 
as rip-rap, oversized rock placed in fill should not be located within 5 feet horizontally of the 
finished fill slope face. The project geotechnical engineer should approve the use of oversized rock 
prior to constructing fill. 

6. Fine grained, potentially expansive soil, as determined by NV5, that is encountered during grading 
should be mixed with granular soil, or overexcavated and stockpiled for removal from the subject 
site or for later use in landscape areas. A typical mixing ratio for granular to expansive soil is 4 to 1. 
The actual mixing ratio should be determined by NV5. 

7. Vegetation, deleterious materials, structural debris, and oversized rocks not used in landscape 
areas, drainage channels, or other non-structural uses should be removed from the Site. 

5.1.3 Existing Fill  

Existing untested fill, predominantly historic mine tailings, are present within the proposed 
improvement areas. Loose fill beneath footings may contribute to future differential settlement-induced 
distress. Existing fill that has not been tested and recorded should not be relied upon to support the 
proposed improvements without mitigation, as described in the following paragraphs. 

In general, fill overexcavation and recompaction will likely be the most reliable approach to mitigating 
existing undocumented fill. The depth of the overexcavation should extend through all loose soil to 
competent native soil or rock. The fill should be moisture-conditioned and compacted in lifts (layers) 
pursuant to the recommendations presented in Section 5.1.6 (“Fill Placement”) of this report.  

Options to mitigate undocumented fill without reworking include the use of deep foundations, mat 
foundations or surcharge loads. Mat slabs may be appropriate for buildings encompassing large 
footprints over undocumented fills, depending on the fill quality and structural loading of the building. 
Surcharging, if performed to appropriate pressures, can be an effective means of reducing future 
differential settlement. The feasibility of surcharge loading should be evaluated based on the results of 
consolidation analysis considering the thickness of the undocumented fill and the proposed surcharge 
loading. If surcharge loading is chosen as an alternative mitigation measure, some level of differential 
foundation movement should be anticipated. If requested, we can provide design recommendations and 
settlement analysis for surcharging or alternative foundation systems on a case-by-case basis.  
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5.1.4 Cut Slope Grading 

Based on our understanding of the project at this time, we do not anticipate permanent cut slopes 
greater than approximately 10 feet in height will be created during grading of the proposed 
improvements. In general, permanent cut slopes should not be steeper than 2:1, H:V. Steeper cut slopes 
as steep as 1:1, H:V, may be feasible, depending on the soil/rock conditions encountered and  
 
slope heights, and should be reviewed on a case-by-case basis. The upper two feet of all cut slopes 
should be graded to an approximate 2:1, H:V, slope to reduce sloughing and erosion of looser surface 
soil. 

Temporary cut slopes may be constructed to facilitate construction of retaining walls and deep utilities. 
We anticipate that subsurface conditions will be favorable for construction of temporary cut slopes no 
steeper than ½:1, H:V, for a maximum height of approximately 6 feet. To reduce the likelihood of 
sloughing or failure, temporary cut slopes should not remain over the winter.  

A representative of NV5 must observe temporary cut slopes steeper than 1.5:1, H:V, during grading to 
confirm the soil and rock conditions encountered. We recommend that personnel not be allowed 
between the cut slope and the proposed retaining structure, form work, grading equipment, or parked 
vehicles during construction, unless the stability of the slope has been reviewed by NV5 or the slope has 
been confirmed to meet OSHA excavation standards. All temporary excavations must comply with 
applicable local, state and federal safety regulations, including the current Occupational Safety and 
Hazards Administration (OSHA) excavation and trench safety standards. Construction site safety is the 
responsibility of the contractor, who is solely responsible for the means, methods and sequencing of 
construction operations. 

5.1.5 Native Soil Preparation for Engineered Fill Placement 

The exposed native soil should be prepared for placement and compaction of engineered fill as 
described below. 

1. The native soil should be scarified to a minimum depth of 8 inches below the existing land surface, 
or stripped and grubbed surface, and then uniformly moisture conditioned. If the soil is classified 
as a coarse-grained soil by the USCS (i.e., GP, GW, GC, GM, SP, SW, SC or SM) then it should be 
moisture conditioned to within ± 3 percentage points of the ASTM D1557 optimum moisture 
content. If the soil is classified as a low plasticity fine-grained soil by the USCS (i.e., CL, ML), then it 
should be moisture conditioned to between 2 and 4 percentage points greater than the ASTM 
D1557 optimum moisture content. If soil is classified as a high plasticity fine-grained soil by the 
USCS (i.e., CH, MH), the soil should be removed from the building pad area or NV5 should be 
contacted for further recommendations. 

2. The native soil should then be compacted to achieve a minimum relative compaction of 90 
percent of the ASTM D1557 maximum dry unit weight (density). The moisture content, density 
and relative percent compaction should be tested by the project engineer or his/her field 
representative to evaluate whether the compacted soil meets or exceeds the minimum percent 
compaction and moisture content requirements. The earthwork contractor shall assist the project 
engineer or his/her field representative by excavating test pads with the onsite earth moving 
equipment. Native soil preparation beneath concrete slab-on-grade structures (i.e., floors, 
sidewalks, patios, etc.) and asphalt concrete (AC) pavement should be prepared as specified in 
Section 5.2 (“Structural Improvements”).  
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3. Where fill placement is proposed on native slopes steeper than approximately 5:1, H:V, a base key 
and routine benches must be provided. Unless otherwise recommended by the project 
geotechnical engineer, the base key should be excavated at the toe of the fill a minimum of 3 feet 
into competent stratum, as determined by a representative of NV5 during construction 
observation. The bottom of the base key should be sloped slightly into the hillside at an 
approximate gradient of 5 percent or greater.  

4. A subdrain should be installed at the rear of the keyway and where evidence of seepage is 
observed. The subdrain should consist of a 4-inch diameter (minimum) perforated plastic pipe 
embedded in drain rock material wrapped in woven geotextile filter fabric. The drain rock material 
should be at least 12 inches thick and extend at least 48 inches above the bottom of the keyway 
and/or 12 inches above and below the seepage zone. The depth and extent of subdrains should be 
determined by a representative of NV5 in the field during construction. In addition, subdrains 
should be installed at a minimum slope of 1 percent and should have cleanouts located at their 
ends and at turning points. Outlet and riser pipe fittings should not be perforated. A licensed land 
surveyor or civil engineer should provide “record drawings” depicting the locations of subdrains 
and cleanouts. 

The fill must be benched into existing side slopes as fill placement progresses. Benching must 
extend through loose surface soil into firm material, and at intervals such that no loose surface 
soil is beneath the fill. As a minimum, a horizontal bench should be excavated every 5 vertical feet 
or as determined by a representative of NV5. 

5. The prepared native soil surface should be proof-rolled with a fully-loaded 4,000-gallon-capacity 
water truck with the rear of the truck supported on a double-axle, tandem-wheel undercarriage or 
approved equivalent. The proof-rolled surface should be visually observed by the project engineer 
or his/her field representative to be firm, competent and relatively unyielding. The project 
engineer or his/her field representative may also evaluate the surface material by hand probing 
with a ¼-inch-diameter steel probe, however, this evaluation method should not be performed in 
place of proof rolling as described above. 

6. Construction Quality Assurance (CQA) tests should be performed using the minimum testing 
frequencies presented in Table 5.1.6-1 or as modified by the project engineer to better suit the 
site conditions. 

The native soil surface should be graded to minimize ponding of water and to drain surface water 
away from any future building foundations and associated structures. Where possible, surface 
water should be collected, conveyed and discharged into natural drainage courses, storm sewer 
inlet structures, permanent engineered storm water runoff percolation/evaporation basins or 
engineered infiltration subdrain systems. 
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Table 5.1.6-1, Minimum Testing Frequencies 

ASTM No. Test Description Minimum Test Frequency(1) 

D1557 Modified Proctor Compaction Curve 1 per 1,500 CY or Material 
Change (2) 

D6938 Nuclear Density and Nuclear 
Moisture Content 1 per 250 CY 

Notes: 
(1) These are minimum testing frequencies that may be increased or decreased at the project engineer’s 

discretion on the basis of the site conditions encountered during grading. 
(2) Whichever criteria provide the greatest number of tests. 
ASTM = ASTM International 
CY = cubic yards 
No. = number 

 

5.1.6 Fill Placement 

Construction of engineered fills with non-expansive soil should be performed as described below. 

1. Non-expansive soil used as engineered fill should consist predominantly of materials less than ½-
inch in greatest dimension and should not contain rocks greater than 6 inches in greatest 
dimension (oversized material). Non-expansive soil should have a plasticity index (PI) of less than 
or equal to 15, as determined by ASTM D4318 Atterberg Indices testing. Oversized materials 
should be spread apart to prevent clustering so that void spaces are not created. The project 
engineer or his/her field representative should approve the use of oversized materials for 
constructing engineered fills. Import material that is proposed for use onsite should be submitted 
to NV5 for approval and possible laboratory testing at least 72 hours prior to transport to the Site. 

2. Non-expansive soil used to construct engineered fills should be uniformly moisture conditioned. If 
the soil is classified by the USCS as coarse grained (i.e., GP, GW, GC, GM, SP, SW, SC or SM), then it 
should be moisture conditioned to within ± 3 percentage points of the ASTM D1557 optimum 
moisture content. If the soil is classified by the USCS as fine grained (i.e., CL, ML),  
then it should be moisture conditioned to between 2 and 4 percentage points greater than the 
ASTM D1557 optimum moisture content. 

3. Cohesive, predominantly fine-grained, or potentially expansive soil encountered during grading 
should be stockpiled for removal, mixed as directed by NV5, or used in landscape areas. As an 
option, cohesive fine-grained or potentially expansive soil can often be placed in the deeper 
portions of proposed fill (e.g., depths greater than 3 feet below subgrade in building footprints). 
However, this option would have to be evaluated on a case-by-case basis with consideration of 
the fill depth and proposed loading. 

4. In areas where expansive soils are present, the upper 24 inches of fill beneath and within 5 feet of 
the building footprints and the upper 12 inches of fill beneath and within 3 feet of exterior slabs 
and/or pavement edges should be approved engineered fill. 

5. Engineered fills should be constructed by placing uniformly moisture conditioned soil in maximum 
12-inch-thick loose lifts (layers) prior to compacting. 

6. The soil should then be compacted to achieve a minimum relative compaction of 90 percent of the 
ASTM D1557 maximum dry density. 
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7. The earthwork contractor should compact each loose soil lift with a tamping foot compactor such 
as a Caterpillar (CAT) 815 Compactor or equivalent as approved by NV5’s project engineer or 
his/her field representative. A smooth steel drum roller compactor should not be used to compact 
loose soil lifts for construction of engineered fills. 

8. The field and laboratory CQA tests should be performed consistent with the testing frequencies 
presented in Table 5.1.6-1 or as modified by the project engineer to better suit the site conditions. 

Table 5.1.6-1, Minimum Testing Frequencies for Non-Expansive Soil 

ASTM No. Test Description Minimum Test Frequency(1) 

D1557 Modified Proctor Compaction 
Curve 1 per 1,500 CY or Material Change (2) 

D6983 Nuclear Moisture and Density 1 per 250 CY 
Notes: 
(1) These are minimum testing frequencies that may be increased or decreased at the project engineer’s 

discretion on the basis of the site conditions encountered during grading. 
(2) Whichever criteria provide the greatest number of tests. 
ASTM = ASTM International 
CY = cubic yards 
No. = number 

 
9. The moisture content, density and relative percent compaction of all engineered fills should be 

tested by the project engineer’s field representative during construction to evaluate whether the 
compacted soil meets or exceeds the minimum compaction and moisture content requirements. 
The earthwork contractor shall assist the project engineer’s field representative by excavating test 
pads with the onsite earth-moving equipment. 

10. The prepared finished grade or finished subgrade soil surface should be proof-rolled, as 
mentioned above in Section 5.1.5, Paragraph 6. 

5.1.7 Differential Fill Depth/Cut-Fill Transitions 

The recommendations presented in this section are intended to reduce the magnitude of differential 
settlement-induced structural distress associated with variable fill depth beneath structures. Care 
should be taken when removing existing foundations and re-routing underground utilities so that large 
excavations are not opened which could inadvertently result in differing soil conditions between native 
soil and utility backfill that could be subject to differential settlement. 

1. Site grading should be performed so that cut-fill transition lines do not occur directly beneath any 
structures. The cut portion of the cut-fill building pads, if proposed, should be scarified to a 
minimum depth of 8 inches, and recompacted to 95 percent relative compaction. 

2. Differential fill depths beneath structures should not exceed 5 feet. For example, if the maximum 
fill depth is 8 feet across a building pad, the minimum fill depth beneath that pad should not be 
less than 3 feet. If a cut-fill building pad is used in this example, the cut portion would need to be 
overexcavated 3 feet and rebuilt with compacted fill. 

3. If cut/fill transitions within any building footprint are greater than 5 feet are planned, or 
demolition requires deep and wide excavations, NV5 should be notified so that additional 
recommendations to properly construct the fill pad beneath the project location can be provided 
to ensure that a cut-fill transition is not constructed that may be subject to differential settlement 
in the future. 
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5.1.8 Rock Fill Placement 

Based on our understanding of proposed import fill for the project, we anticipate that fill material 
generated from the subject site may contain significant rock fragments, and that compaction testing 
with conventional methods may be difficult or inappropriate. Typically, fill that consists primarily of soil 
can be tested for relative compaction by using a nuclear density gauge. Our opinion is that rock fill 
cannot be reliably tested using this method. 

We recommend that quality assurance during rock fill placement be based on a procedural approach, or 
method specification, rather than a specified relative compaction. The procedural requirements will 
depend on the equipment used, as well as the nature of the fill material, and will need to be determined 
by the geotechnical engineering firm onsite. Typically, procedural recommendations are based on the 
measured relative compaction of a test fill constructed onsite. 

Based on our experience in the area, we anticipate that the procedural specification will require a 
minimum of six passes (back and forth equaling one pass) with a Cat 563 or similar, self-propelled, 
vibratory compactor to compact a maximum 8-inch thick, loose lift. Processing or screening of the fill 
material will be needed to remove rocks larger than approximately 8 inches in maximum dimension. 
Continuous or nearly continuous observation by a representative of NV5 would be required during fill 
placement to confirm that procedural specifications have been met. 

5.1.9 Fill Slope Grading 

Based on our understanding of the project, we anticipate that fill slopes up to approximately 50 feet in 
height will be created as part of the proposed improvements. In general, permanent fill slopes created 
onsite should be no steeper than 2:1, H:V. Fills designed on native slopes steeper than 5:1, H:V, should 
be supported by a base shear keyway, as described in Section 5.1.5 (“Native Soil Preparation for 
Engineered Fill Placement”) of this report. Steeper fill slopes may be feasible based on the angularity 
and durability of the material to be placed or with the use of geotextile reinforcement and/or 
rock facing.  All fill slopes greater than 30 feet in height should be terraced with surface drains that 
restrict surface runoff from traveling more than 30 feet continuously down the fill slope face. NV5 
should review fill slope configurations greater than approximately 10 feet in height, if proposed, prior to 
fill placement. We can provide slope terracing and drainage recommendations or reinforced/buttressed 
fill slope design for the project, if requested.  

Fill should be placed in horizontal lifts to the lines and grades shown on the project plans. Compaction 
and fill slope grading must be confirmed by NV5 in the field. Slopes should be constructed by 
overbuilding the slope face and then cutting it back to the design finished grade slope gradient. Fill 
slopes should not be constructed or extended horizontally by placing soil on an existing slope face 
and/or compacted by track walking. Where placement of oversized rock in deep fill is proposed, the 
oversized rock should be placed a minimum of 5 feet horizontally from the finished fill slope face.  

5.1.10 Erosion Controls 

Graded portions of the Site should be seeded as soon as possible to allow vegetation to become 
established prior to and during the rainy season. In addition, grading that results in greater than one 
acre of soil disturbance or in sensitive areas may require the preparation of a site-specific storm water 
pollution prevention plan. As a minimum, the following controls should be installed prior to and during 
grading to reduce erosion. 
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1. Prior to commencement of site work, fiber rolls should be installed down slope of the proposed 
area of disturbance to reduce migration of sediment from the Site. Fiber rolls on slopes are 
intended to reduce sediment discharge from disturbed areas, reduce the velocity of water flow, 
and aid in the overall revegetation of slopes. The fiber rolls should remain in place until 
construction activity is complete and vegetation becomes established. 

2. All soil exposed in permanent slope faces should be hydroseeded or hand seeded/strawed with an 
appropriate seed mixture compatible with the soil and climate conditions of the Site as 
recommended by the local Resource Conservation District.  

3. Following seeding, jute netting or erosion control blankets should be placed and secured over the 
slopes steeper than 2:1, H:V. 

4. Surface water drainage ditches should be established as necessary to intercept and redirect 
concentrated surface water away from cut and fill slope faces. Under no circumstances should 
concentrated surface water be directed over slope faces. The intercepted water should be 
discharged into natural drainage courses or into other collection and disposal structures. 

5. NV5 should be retained to review final grading plans for site improvements to confirm that 
appropriate slope drainage and erosion control measures have been included in the project 
design. 

5.1.11 Underground Utility Trenches 

Underground utility trenches should be excavated and backfilled as described below. 

Underground utility trenches should be excavated and backfilled as described below for each trench 
zone shown in the figure below. 

1. Trench Excavation Equipment:  NV5 anticipates that the contractor will be able to excavate 
relatively shallow (up to 5 ft bgs) underground utility trenches with a Case 580 Backhoe or 
equivalent. Highly resistant rock, not described in our investigation, may be encountered in 
deeper trench excavations or in areas of existing or proposed cuts. 

2. Trench Shoring:  All utility trenches that are excavated deeper than 4 feet bgs are required by 
California OSHA to be shored with bracing equipment or sloped back to an appropriate slope 
gradient prior to being entered by any individuals. 

3. Trench Dewatering:  NV5 does not anticipate that the proposed underground utility trenches will 
encounter shallow groundwater. However, if the utility trenches are excavated during the winter 
rainy season, then shallow or perched groundwater may be encountered. The earthwork 
contractor may need to employ de-watering methods as discussed in Section 5.1.12 in order to 
excavate, place and compact the trench backfill materials. 

4. Pipe Zone Backfill Type and Compaction Requirements: The backfill material type and compaction 
requirements for the pipe zone, which includes the bedding zone, the shading zone and the cover 
zone, are described in Detail 5.1.11-1 below. It is possible that waste rock/sand from the mine 
processing would be feasible for use as trench backfill and bedding. If proposed, select backfill 
material should be approved by NV5 prior to use.  
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a. Pipe Zone Backfill Material Type:  Trench backfill used within the pipe zone, which includes the 

bedding zone, the shading zone and the cover zone, should consist of ¾-inch-minus, washed, 
crushed rock. The crushed rock particle size gradation should meet the following requirements 
(percentages are expressed as dry weights using ASTM D422 test method): 100 percent 
passing the ¾-inch sieve, 80 to 100 percent passing the ½-inch sieve, 60 to 100 percent 
passing the 3/8-inch sieve, 0 to 30 percent passing the No. 4 sieve, 0 to 10 percent passing the 
No. 8 sieve, and 0 to 3 percent passing the No. 200 sieve. 

If groundwater is encountered within the trench during construction, or if groundwater is 
expected to rise during the rainy season to an elevation that will infiltrate the pipe zone within 
the trench, then the pipe zone material should be wrapped with a minimum 6 ounce per 
square yard, non-woven geotextile filter fabric such as TenCate® Mirifi N140 or an approved 
equivalent. The geotextile seam should be located along the trench centerline and have a 
minimum 1-foot overlap. If the utility pipes are coated with a corrosion protection material, 
then the pipes should be wrapped with a minimum 6 ounce per square yard, non-woven, 
geotextile cushion fabric such as TenCate® Mirifi N140 or an approved equivalent. The 
geotextile cushion fabric should have a minimum 6-inch seam overlap. The geotextile cushion 
fabric will protect the pipe from being scratched by the crushed rock backfill material. 

 
 

Not to Scale 

Pavement Areas Unpaved Areas 

Detail 5.1.11-1 TYPICAL TRENCH BACKFILL ZONES 
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b. Pipe Bedding Zone Compaction:  Trench backfill soil placed in the pipe bedding zone (beneath 
the utilities) should be a minimum of 3 inches thick, moisture conditioned to within 
± 3 percentage points of the ASTM D1557 optimum moisture content and compacted to 
achieve a minimum relative compaction of 95 percent of the ASTM D1557 maximum dry 
density. Crushed rock should be mechanically consolidated under the observation of NV5. 

c. Pipe Shading Zone Compaction: Trench backfill soil placed within the pipe shading zone (above 
the bedding zone and to a height of one pipe radius above the pipe spring line) should be 
moisture conditioned to within ± 3 percentage points of the ASTM D1557 optimum moisture 
content and compacted to achieve a minimum relative compaction of 90 percent of the ASTM 
D1557 maximum dry density. Crushed rock should be mechanically consolidated under the 
observation of NV5. The pipe shading zone backfill material should be shovel-sliced to remove 
voids and to promote compaction. 

d. Pipe Cover Zone Compaction:  Trench backfill soil placed within the pipe cover zone (above 
the pipe shading zone to 1 foot over the pipe top surface) should be moisture conditioned to 
within ± 3percentage points of the ASTM D1557 optimum moisture content and compacted to 
achieve a minimum relative compaction of 90 percent of the ASTM D1557 maximum dry 
density. Crushed rock should be mechanically consolidated under the observation of NV5. 

5. Trench Zone Backfill and Compaction Requirements:  The trench zone backfill materials consist of 
both lower and upper zones, as discussed below. 

a. Trench Zone Backfill Material Type:  Soil used as trench backfill within the lower and upper 
intermediate zones, as shown on the preceding figure, should consist of non-expansive soil 
with a PI of less than or equal to 15 (based on ASTM D4318) and should not contain rocks 
greater than 3 inches in greatest dimension. 

b. Lower Trench Zone Compaction:  Soil used to construct the lower trench zone backfills should 
be uniformly moisture conditioned to within 0 and 4 percentage points of the ASTM D1557 
optimum moisture content, placed in maximum 12-inch-thick loose lifts prior to compacting 
and compacted to achieve a minimum relative compaction of 90 percent of the ASTM D1557 
maximum dry density. 

c. Upper Trench Zone Compaction (Road and Parking Lot Areas):  Soil used to construct the 
upper trench zone backfills should be uniformly moisture conditioned to within 0 and 4 
percentage points greater than the ASTM D1557 optimum moisture content, placed in 
maximum 8-inch-thick loose lifts (layers) prior to compacting and compacted to achieve a 
minimum relative compaction of 95percent of the ASTM D1557 maximum dry density. 

d. Upper Trench Zone Compaction (Non-Road and Non-Parking Lot Areas):  Soil used to construct 
the upper trench zone backfills should be uniformly moisture conditioned to within 0 and 2 
percentage points greater than the ASTM D1557 optimum moisture content, placed in 
maximum 6-inch-thick loose lifts (layers) prior to compacting and compacted to achieve a 
minimum relative compaction of 90 percent of the ASTM D1557 maximum dry density. 

6. CQA Testing and Observation Engineering Services:  The moisture content, dry density and relative 
percent compaction of all engineered utility trench backfills should be tested by the project 
engineer’s field representative during construction to evaluate whether the compacted trench 
backfill materials meet or exceed the minimum compaction and moisture content requirements 
presented in this report. The earthwork contractor shall assist the project engineer’s field 
representative by excavating test pads with the onsite earth moving equipment. 
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a. Compaction Testing Frequencies:  The field and laboratory CQA tests should be performed 
consistent with the testing frequencies presented in Table 5.1.11-2 or as modified by the 
project engineer to better suit the site conditions. 

Table 5.1.11-2, Minimum Testing Frequencies for Utility Trench Backfill 

ASTM No. Test Description Minimum Test Frequency(1) 

D1557 Modified Proctor 
Compaction Curve 

1 per 500 CY (2) 

Or Material Change 

D6983 Nuclear Moisture 
and Density 

1 per 100 LF per 24-Inch-Thick Compacted Backfill Layer (2) 
The maximum loose lift thickness shall not exceed 

12-inches prior to compacting. 
Notes: 
(1) These are minimum testing frequencies that may be increased or decreased at the project engineer’s 

discretion on the basis of the site conditions encountered during grading. 
(2) Whichever criteria provide the greatest number of tests. 
ASTM = ASTM International 
CY = cubic yards 
LF = linear foot 
No. = number 

 
7. Final Proof Rolling:  The prepared finished grade AB rock surface and/or finished subgrade soil 

surface of utility trench backfills should be proof-rolled, as mentioned above in Section 5.1.5, 
Paragraph 6. 

5.1.12 Construction Dewatering 

NV5 does not anticipate the need to perform de-watering of the Site during earthwork grading; 
however, the earthwork contractor should be prepared to de-water the utility trench excavations and 
any other excavations if perched water or the groundwater table is encountered during grading. NV5 
recommends that the utility trench excavations be performed as late in the summer months as possible 
to allow the groundwater table to reach its lowest seasonal elevation. Perched groundwater may be 
encountered on low permeability soil or weathered rock layers even during the summer months. 

The following recommendations are preliminary and are not based on performing a groundwater flow 
analysis. A detailed de-watering analysis was not a part of the proposed work scope. It should be 
understood that it is the earthwork contractor’s sole responsibility to select and employ a satisfactory 
de-watering method for each excavation. 

1. NV5 anticipates that de-watering of utility trenches can be performed by constructing sumps to 
depths below the trench bottom and removing the water with sump pumps. 

2. Additional sump excavations and pumps should be added as necessary to keep the excavation 
bottom free of standing water and relatively dry when placing and compacting the trench backfill 
materials. 

3. If groundwater enters the trench faster than it can be removed by the de-watering system, 
thereby allowing the underlying compacted soil to become unstable while compacting successive 
soil lifts, then it may be necessary to remove the unstable soil and replace it with free-draining, 
granular drain rock. Native backfill soil can again be used after placing the granular rock to an 
elevation that is higher than the groundwater table. 
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4. If granular rock is used, it should be wrapped in a non-woven geotextile fabric, such as TenCate® 
Mirifi® N140 or an approved equivalent. The geotextile filter fabric should have minimum 1-foot 
overlapped seams. The granular rock should meet or exceed the following gradation specifications 
(all percentages are expressed as dry weights using ASTM D422 test method): 100 percent passing 
the 3/4-inch sieve, 80 to 100 percent passing the 1/2-inch sieve, 60 to 100 percent passing the 
3/8-inch sieve, 0 to 30 percent passing the No. 4 sieve, 0 to 10 percent passing the No. 8 sieve, and 
0 to 3 percent passing the No. 200 sieve. 

If subsurface seepage or groundwater conditions are encountered which prevent or restrict fill 
placement or construction of the proposed improvements, subdrains may be necessary. If groundwater 
or saturated soil conditions are encountered during grading, we should be retained to observe the 
conditions and provide site-specific subsurface drainage recommendations.  

5.1.13 Soil Corrosion Potential 

Based on our review of soil survey information and previous laboratory testing by Engeo (2007), the 
onsite soils are generally not considered to be abnormally corrosive to buried metal and structures. 
However, soil samples  TP3 at 5 feet and B8 at 3 feet (both located in the northeastern portion of the 
Site) had anomalously low resistivities (0.83 and 0.88 ohm/cm x 1000) and higher sulfate concentrations 
(113.4 and 206.2 ppm), indicating that they are very severely corrosive to buried metal. 

Because these materials are to be placed as engineered fill near the base of the proposed deep 
engineered fill, it is unlikely that the potentially corrosive soil will be located near future structural 
improvements. However, if underground utilities (such as the culvert proposed for water conveyance 
from the eastern Site boundary through the development area) or infrastructure elements will be in 
contact with the potentially corrosive soil, they should be relocated or designed to resist the corrosive 
conditions.  

To reduce the likelihood of corrosion problems, materials used for underground utilities, permanent 
subsurface drainage improvements, and foundation systems should be selected based on local 
experience and practice. If alternative or new construction methods or materials are being proposed, it 
may be appropriate to have the selected materials evaluated by a corrosion engineer for compatibility 
with the onsite soil conditions. 

5.1.14 Surface Water Drainage 

Proper surface water drainage is important to the successful development of the project. We 
recommend the following measures to help mitigate surface water drainage problems: 

1. Slope final grades in structural areas so that surface water drains away from building pad finish 
subgrade at a minimum 2 percent slope for a minimum distance of 10 feet.  For structures utilizing 
slab-on-grade interior floor systems we recommend increasing the slope to 4 percent. 

2. To reduce surface water infiltration, compact and slope all soil placed adjacent to building 
foundations such that water is not allowed to pond. Backfill should be free of deleterious 
materials. 

3. Direct downspouts to positive drainage or a closed collector pipe that discharges flow to positive 
drainage. 
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4. Construct V-ditches at the top of cut and fill slopes where necessary to reduce concentrated 
surface water flow over slope faces. Typically, V-ditches should be 3 feet wide and at least 6 
inches deep. Surface water collected in V-ditches should be directed away and downslope from 
proposed building pads and driveways into a drainage channel. 

5.1.15 Grading Plan Review and Construction Monitoring 

Construction quality assurance includes review of plans and specifications and performing construction 
monitoring as described below. 

1. NV5 should be retained to review the final grading plans prior to construction to confirm our 
understanding of the project at the time of our investigation, to determine whether our 
recommendations have been implemented, and to provide additional and/or modified 
recommendations, if necessary. 

2. Prior to commencement of a new phases of development on the Property, NV5 should be 
retained to observe the soil/rock conditions within and surrounding the proposed improvements 
to confirm or modify our recommendations. A preconstruction meeting with the contractor and 
subcontractors involved should be held to discuss and review the applicable recommendations of 
this report as they apply to the proposed construction. 

3. NV5 should be retained to perform construction quality assurance (CQA) monitoring of all 
earthwork grading performed by the contractor to determine whether our recommendations 
have been implemented, and if necessary, provide additional and/or modified recommendations. 

4. NV5’s experience, and that of the engineering profession, clearly indicates that during the 
construction phase of a project the risks of costly design, construction and maintenance problems 
can be significantly reduced by retaining a design geotechnical engineering firm to review the 
project plans and specifications and to provide geotechnical engineering observation and CQA 
testing services. Upon your request we will prepare a CQA geotechnical engineering services 
proposal that will present a work scope, a tentative schedule and a fee estimate for your 
consideration and authorization. If NV5 is not retained to provide geotechnical engineering CQA 
services during the construction phase of the project, then NV5 will not be responsible for 
geotechnical engineering CQA services provided by others nor any aspect of the project that fails 
to meet your or a third party’s expectations in the future. 

5.2 STRUCTURAL IMPROVEMENT DESIGN CRITERIA 

The following sections present our structural improvement design criteria and recommendations. The 
recommendations address foundations, seismic parameters, concrete slabs-on-grade, retaining walls 
and pavement design.  

5.2.1 Seismic Design Criteria 

Our classification of onsite soil conditions is based on field observations and proposed improvements. 
We understand that proposed foundation structures will be constructed on import fill material that will 
primarily consists of medium dense granular soil composed of silty or clayey sand/gravel, with possible 
rock fill at depths. Based on the understanding that the proposed development will include 
improvements founded on compacted granular fill, we classified the onsite soil as stiff soil (Site Class D) 
for design purposes.   
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Table 5.2.1-1 below summarizes seismic design criteria based on ASCE 7-10, the 2019 California Building 
Code and the California Office of Statewide Health Planning and Development (OSHPD) Seismic Design 
Maps tool (available online at https://seismicmaps.org/). 

Table 5.2.1-1, Seismic Design Parameters 

Description Value Reference Description Value Reference 

Latitude 
Longitude  

39.2213 
-121.0422 1 Site Class D 2 

Site Coefficient, FA  1.324 5 Site Coefficient, FV 1.916 6 

Short (0.2 sec)  
Spectral Response, SS 

0.595 g 3 Long (1.0 sec)  
Spectral Response, S1 0.242 g 4 

SS modified for Site Class 
Effects, SMS 

0.788 g 7 S1 modified for Site Class 
Effects, SM1 0.464 g 8 

Design Spectral Response 
Acceleration, Short Periods, 
SDS 

0.525 g 9 
Design Spectral Response 
Acceleration, Long Periods, 
SD1 

0.309 g 10 

References: 
1)  https://seismicmaps.org/ 2)  ASCE 7-16 Table 20.3-1 3)  ASCE 7-16 Figure 22-1  
4)  ASCE 7-16 Figure 22-2 5)  ASCE 7-16 Table 11.4-1 6)  ASCE 7-16 Table 11.4-2 
7)  ASCE 7-16 Equation 11.4-1 8)  ASCE 7-16 Equation 11.4-2 9)  ASCE 7-16 Equation 11.4-3 
10) ASCE 7-16 Equation 11.4-4 

 

5.2.2 Foundations 

Provided that the grading for the project is performed in accordance with the recommendations 
presented in this report, our opinion is that the Site will be suitable for the use of conventional 
perimeter foundations, isolated interior footings, and interior slabs-on-grade. Following are our 
recommendations for foundations constructed on compacted and tested fill or competent native soil:  

1. In areas where expansive soils are present within 1½ feet of foundation elements, we recommend 
an 18-inch blanket of import granular fill be placed within and 5 feet beyond the building pad 
footprint. 

2. Footings for single story structures should be a minimum of 12 inches wide and trenched through 
any loose surface material, potentially expansive soil, or untested fill, and a minimum of 12 inches 
into competent native soil, weathered rock or compacted fill. Footings for two-story structures, if 
proposed, should be a minimum of 15 inches wide and trenched a minimum of 18 inches into 
competent native soil, weathered rock or compacted fill. If clay is encountered at the base of 
footing excavations, the footing should be deepened through the clay into underlying granular 
material or weathered rock, as determined in the field by NV5. 

3. The base of the footing excavation should be approximately level. On sloping sites, it will be 
necessary to step the base of the footing excavation as necessary to maintain a slope of less than 
10 percent at the base of the footing.  

4. Footing trenches should be cleaned of all loose soil and construction debris prior to placing 
concrete. A representative from NV5 should observe the footing excavations prior to concrete 
placement. 

https://seismicmaps.org/
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5. As a minimum, the footings should be designed with two No. 4 rebar reinforcement, one near the 
top of the footing and one near the bottom. A minimum of 3 inches of concrete coverage should 
surround the bars. 

6. The concrete should have a minimum 2,500 pounds per square inch compressive break strength 
after 28 days of curing (unless specified by a structural engineer), have a water-to-cement ratio 
from 0.40 to 0.50, and should be placed with minimum and maximum slumps of 4 and 6 inches, 
respectively. Since water is often added to uncured concrete to increase workability, it is 
important that strict quality control measures be employed during placement of the foundation 
concrete to ensure that the water-to-cement ratio is not altered prior to or during placement. 

7. Prior to placing concrete in any foundation excavation, the project geotechnical engineer or 
his/her field representative should observe the excavations to document that the following 
requirements have been achieved:  minimum foundation dimensions, minimum reinforcement 
steel placement and dimensions, removal of all loose soil, rock, wood debris or other deleterious 
materials, and that firm and competent native or engineered fill soil is exposed along the entire 
foundation excavation bottom. Strict adherence to these requirements is paramount to the 
satisfactory behavior of a building foundation. Minor deviations from these requirements can 
cause the foundations to undergo minor to severe amounts of settlement which can result in 
cracks developing in the foundation and adjacent structural members, such as concrete 
slab-on-grade floors. 

8. In general, structures constructed adjacent to descending slopes should employ a minimum 
setback of either 1/3 the height of the slope, or 40 feet, whichever is less. The setback for 
ascending slopes is either 1/2 the slope height or 15 feet, whichever is less. Where footings are 
proposed within these code-based setbacks, the project geotechnical engineer should review the 
proposed slope configuration and provide revised setback recommendations, if appropriate.  

9. Footing excavations should be saturated prior to placing concrete to reduce the risk of problems 
caused by wicking of moisture from curing concrete. However, concrete should not be placed 
through standing water in the footing excavations. 

10. In an effort to reduce the likelihood of settlement-induced distress to the proposed structures, we 
recommend that strip and isolated footings with a minimum embedment depth of 12 inches in 
competent soil be sized for an allowable bearing capacity of 3,000 pounds per square foot (psf) for 
dead plus live loads. This value can be increased by 300 psf for each additional foot of embedment 
up to a limiting value of 3,900 psf. Allowable bearing may be increased by 33 percent for 
additional transient loading, such as wind or seismic loads. 

11. A triangularly-distributed lateral resistance (passive soil resistance) of 350d psf, where d is footing 
depth, may be used for footings. This value may be increased by 33 percent for wind and seismic. 
As an alternate to the passive soil resistance described above, a coefficient of friction for 
resistance to sliding of 0.40 may be used. The higher of the two values should be reduced by 50 
percent if both resisting values are to be used. 

12. Total settlement of individual foundations will vary depending on the plan dimensions of the 
foundation and actual structural loading. Based on anticipated foundation dimensions and loads, 
we estimate that total post-construction settlement of footings designed and constructed in 
accordance with our recommendations will be on the order of one-half inch. Differential 
settlement between similarly loaded, adjacent footings is expected to be less than one-quarter 
inch, provided footings are founded on similar materials (e.g., all on structural fill, native soil or 
rock). Differential settlement between adjacent footings founded on dissimilar materials  



Project No. 5279.02 Geotechnical Engineering Report 
December 10, 2019 Idaho-Maryland Mine Project – Centennial Industrial Site 

NV5 | Page 28 

(e.g., one footing on soil and an adjacent footing on rock) may approach the maximum anticipated 
total settlement. Settlement of foundations is expected to occur rapidly and should be essentially 
complete shortly after initial application of loads. 

13. Heavily loaded foundations should be evaluated on a case-by-case basis.  We can provide Cast-in-
drilled hole or mat foundations, if requested.  

5.2.3 Slab-on-Grade Floor Systems 

Our opinion is that interior concrete slab-on-grade floors may be used in conjunction with perimeter 
concrete foundations for the proposed improvements. The project structural engineer should design 
slabs-on-grade with regard to the anticipated loading. This section presents typical slab sections and 
reinforcement schedules used for residential construction in the region and presents construction 
recommendations. We can provide project specific slab-on-grade design for the proposed 
improvements once anticipated loading and serviceability criteria have been established. 

The heavily loaded concrete slab on grade building floors and driveway areas should be evaluated by a 
California-licensed civil engineer for expected live and dead loads to determine if the minimum slab 
thickness and steel reinforcement recommendations presented in this report should be increased or 
redesigned. 

NV5 recommends using the guideline procedures, methods and material properties that are presented 
in the following ASTM and ACI documents for construction of concrete slab on grade floors: 

• ACI 302.1R 04, Guide for Concrete Floor and Slab Construction, reported by ACI Committee 302. 

• ASTM E1643 98 (Reapproved 2005), Standard Practice for Installation of Water Vapor Retarders 
Used in Contact with Earth or Granular Fill Under Concrete Slabs. 

• ASTM E1745 97 (Reapproved 2004), Standard Specifications for Plastic Water Vapor Retarders 
Used in Contact with Soil or Granular Fill under Concrete Slabs. 

• ASTM F710 5, Standard Practice for Preparing Concrete Floors to Receive Resilient Flooring. 

The interior building concrete slab-on-grade floor and exterior shop, sidewalk and patio concrete slab-
on-grade floor components are described below from top to bottom.  

1. Minimum 4-Inch Thick Concrete Slab:  The concrete slab should be installed with a minimum 3,000 
pounds per square inch (psi) compressive strength after 28 days of curing. NV5 recommends that 
the concrete design use a water-to-cement ratio between 0.40 and 0.45 and should be placed 
with minimum and maximum slumps of 3 and 5 inches, respectively. The concrete mix design is 
the responsibility of the concrete supplier. If floor loads higher than 250 psf or intermittent live 
loads are anticipated, a structural engineer should determine the slab thickness and steel 
reinforcing schedule. 

2. Steel Reinforcement:  Reinforcement should be used to improve the load-carrying capacity, to 
reduce cracking caused by shrinkage during curing and from both differential and repeated 
loadings. It should be understood that it is nearly impossible to prevent all cracks from 
development in concrete slabs; in other words, it should be expected that some cracking will 
occur in all concrete slabs no matter how well they are reinforced. Concrete slabs that will be 
subjected to heavy loads should be designed with steel reinforcements by a California-licensed 
structural engineer. 
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3. Rebar:  As a minimum, use No. 3 rebar (ASTM A615/A 615M 04 Grade 60), tied and placed with 18 
inch centers in both directions (perpendicular) and supported on concrete “dobies” to position the 
rebar in the center of the slab during concrete pouring. NV5 does not recommend that the steel 
reinforcements of the concrete slab on grade floor be tied into the perimeter or interior 
continuous strip foundations or interior isolated column foundations. In other words,  
we recommend that the concrete slab on grade floors be constructed as independent structural 
members so that they can move (float) independently from the foundation structures. We do not 
recommend using rolls of welded wire mesh (WWM) because vertically centered placement of 
rolled mesh within the slab is difficult to achieve. All rebar and sheets of WWM should be placed 
in the center of the slab and supported on concrete "dobies". We do not recommend "hooking 
and pulling" of steel during concrete placement. 

4. Underslab Vapor Moisture Retarder Membrane:  The underslab retarder membrane should be 
placed in areas with moisture sensitive floor coverings as a floor component that will minimize 
transmission of both liquid water and water vapor transmission through the concrete slab on 
grade floor. NV5 recommends using at a minimum a Class A (ASTM E1745 97 [Reapproved 2004]), 
minimum 10 mil thick, plastic, vapor moisture, retarder membrane material such as Stego Wrap® 
underslab vapor retarder membranes or equivalents. Additionally, the following materials are 
recommended:  Stego® Tape and Stego® Mastic or equivalents to seal membrane joints and any 
utility penetrations.  

Regardless of the type of moisture vapor retarder membrane used, moisture can wick up through 
a concrete slab on grade floor. Excessive moisture transmission through a concrete slab floor can 
cause adhesion loss, warping and peeling of resilient floor coverings, deterioration of adhesive, 
seam separation, formation of air pockets, mineral deposition beneath flooring, odor and both 
fungi and mold growth. Slabs can be tested for water transmissivity in areas that are moisture 
sensitive. Commercial sealants, polymer additives to the concrete at the batch plant, entrained 
air, flyash, and a reduced water-to-content ratio can be incorporated into the concrete slab on 
grade floor mix design to reduce its permeability and water vapor transmissivity properties. A 
waterproofing consultant should be contacted to provide detailed recommendations if moisture 
sensitive flooring materials will be installed on the concrete slab on grade floors.  

Prior to placing the vapor retarder and concrete, slab subgrade soil must be moisture conditioned 
to between 75 and 90 percent saturation to a depth of 24 inches. Moisture conditioning should be 
performed for a minimum of 24 hours prior to concrete placement. Clayey soil may take up to 72 
hours to reach this required degree of saturation. If the soil is not moisture conditioned prior to 
placing concrete, moisture will be wicked out of the concrete possibly contributing to shrinkage 
cracks. Additionally, our opinion is that moisture conditioning the soil prior to placing concrete will 
reduce the likelihood of soil swell or heave following construction at locations where fine grained, 
potentially expansive soil is encountered. To facilitate slab-on-grade construction, we recommend 
that the slab subgrade soil be moisture conditioned following rock placement. Following moisture 
conditioning, the vapor retarder should be placed. 

5. Minimum 4-Inch Thick Crushed Rock or Class II Aggregate Base Rock Layer:  Interior floors should 
be underlain by clean crushed rock, while exterior floors should use either crushed rock or Class II 
AB rock. Crushed rock should be mechanically consolidated under the observation of NV5. AB rock 
layers should be placed and compacted to a minimum of 95 percent of the ASTM D1557 dry 
density with a moisture content of ± 3 percentage points of the ASTM D1557 optimum moisture 
content. The crushed rock should be washed to produce a particle size distribution of 100 percent 
(by dry weight) passing the ¾ inch sieve and 5 percent passing the No. 4 sieve and 0 to 3 percent 
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passing the No. 200 sieve. An alternative rock material for external slab-on-grade concrete 
surfaces would include AB rock meeting the specification of Caltrans Class II AB. Just prior to 
pouring the concrete slab, the rock layer should be moistened to a saturated surface dry (SSD) 
condition. This measure will reduce the potential for water to be withdrawn from the bottom of 
the concrete slab while it is curing and will help minimize the development of shrinkage cracks. 

If the current property owner elects to eliminate the crushed rock or AB rock layer beneath the 
interior and exterior concrete slabs on grade for economic reasons, then there will be an inherent 
greater risk assumed by the developer for the development of both shrinkage and bearing-related 
cracks in the associated slabs.  

6. Subgrade Soil Preparation:  In general, the subgrade soil around the slabs-on-grade should be 
sloped away from the proposed slab subgrade a minimum of 4 percent for a distance of 10 feet as 
discussed in the Surface Water Drainage section of this report. NV5 recommends that subgrade 
elevations on which the concrete slab on grade floors are constructed be a minimum of 6 inches 
above the elevation of the surrounding parking lots, driveways and landscaped areas. Elevating 
the building will reduce the potential for subsurface water to enter beneath the concrete slab on 
grade floors and exterior surfaces and underground utility trenches. A representative from NV5 
should observe pad and subgrade elevations prior to forming the slab footings. 

The subgrade soil should be prepared and compacted consistent with the recommendations of 
Section 8.1. All deleterious material must be removed prior to placing concrete. The top 12 inches 
of the non-expansive soil should be compacted to a minimum of 90 percent of the ASTM D1557 
dry density with relatively uniform moisture content within 3 percentage points of the ASTM 
D1557 optimum moisture content. 

7. Crack Control Grooves:  Crack control grooves should be installed during placement or saw cuts 
should be made in accordance with the ACI and Portland Cement Association (PCA) specifications. 
Generally, NV5 recommends that expansion joints be provided between the slab and perimeter 
footings, and that crack control grooves or saw cuts are installed no more than 10-foot centers in 
both directions (perpendicular).  

8. Concrete slabs should be moisture cured for at least seven days after placement. Excessive curling 
of the slab may occur if moisture conditioning is not performed. This is especially critical for slabs 
that are cast during the warm summer months. 

9. Concrete slabs impart a relatively small load on the subgrade (approximately 50 psf). Therefore, 
some vertical movement should be anticipated from possible expansion or differential loading. 

10. Field Observations:  Field observations of all concrete slab-on-grade surfaces and installed steel 
reinforcements should be made by an NV5 construction monitor prior to pouring concrete. 

5.2.4 Retaining Wall Design Criteria 

The following active and passive pressures are for retaining walls in the proposed granular import fill 
soil. If import fill soil is used, a representative from our firm should be retained to observe and test the 
soil to determine its strength properties. The pressures exerted against retaining walls may be assumed 
to be equal to a fluid of equivalent unit weight. 
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Table 5.2.4-1, Equivalent Fluid Unit Weights (1) 

Loading Condition 
Retained Cut or 
Compacted Fill 

(approximately horizontal backfill) 

Retained Cut or 
Compacted Fill 

(retained slope up to 2:1, H:V) 

Active Pressure (pcf) 30 45 

Passive Pressure (pcf) 350 350 

At-Rest Pressure (pcf) 50 60 

Coefficient of Friction 0.40 0.40 
Note: (1) The equivalent fluid unit weights presented are ultimate values and do not include a factor of safety.  
  The passive pressures provided assume footings are founded in competent native soil or engineered fill. 
 
Table 5.2.4-1 presents equivalent fluid unit weights for cut native soil and onsite fill compacted per the 
grading recommendations presented in this report. For approximately horizontal backfill we assume 
that the retained fill surface will be no steeper than 10% for a minimum distance of the wall height from 
the back of the retaining wall. If surcharge loads (such as adjacent building foundations) or live loads will 
be applied within a distance of the wall height from the back of the wall, we should be retained to 
review the loading conditions and revise our recommendations, if necessary. 

The passive pressures provided assume footings are founded in competent native soil or engineered fill. 

Please note that the use of the tabulated active pressure unit weight requires that the wall design 
accommodate sufficient deflection for mobilization of the retained soil to occur. Typically, a wall yield of 
less than 1 percent of the wall height is sufficient to mobilize active conditions in granular soil. However, 
if the walls are rigid or restrained to prevent rotation, at-rest conditions should be used for design. 

Recommendations for design and construction of retaining walls are listed below: 

1. Compaction equipment should not be used directly adjacent to retaining walls unless the wall is 
designed or braced to resist the additional lateral pressures. 

2. If any surface loads are closer to the top of the retaining wall than its height, NV5 should review 
the loads and loading configuration. We should be retained to review wall details and plans for 
any wall over 12 feet in height. 

3. All retaining walls must be well drained to reduce hydrostatic pressures. Walls should be provided 
with a drainage blanket to reduce additional lateral forces and minimize saturation of the backfill 
soil. Drainage blankets may consist of graded rock drains or geosynthetic blankets.  

4. Rock drains should consist of a minimum 12-inch wide, Caltrans Class II, permeable drainage 
blanket, placed directly behind the wall; or crushed washed rock enveloped in a non-woven 
geotextile filter fabric such as Amoco 4546™ or equivalent. Drains should have a minimum 4-inch 
diameter, perforated, schedule 40, PVC pipe placed at the base of the wall, inside the drainrock, 
with the perforations placed down. The PVC pipe should be sloped so that water is directed away 
from the wall by gravity. A geosynthetic drainage blanket such as Enkadrain™ or equivalent may 
be substituted for the rock drain, provided the collected water is channeled away from the wall. If 
a geosynthetic blanket is used, backfill must be compacted carefully so that equipment or soil 
does not tear or crush the drainage blanket.  
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5. Adequate drainage and waterproofing for retaining walls associated with finished interior spaces 
are essential to reduce the likelihood of seepage and vapor transmission into the living space. We 
recommend that an appropriate waterproofing sealant be applied to the exterior surface of such 
retaining walls. A waterproofing consultant may be contacted to further review seepage and 
vapor transmission.  

6. Additional lateral loading on retaining structures due to seismic accelerations may be considered 
at the designer’s option. For an earthquake producing a design horizontal acceleration of 0.236g, 
we recommend that the resulting additional lateral force applied to unrestrained (cantilevered) 
retaining structures with drained level backfill onsite be estimated as Pae=4H2 pounds, where H is 
the height of the wall in feet. A value of 9H2 should be used for restrained walls.  The additional 
seismic force may be assumed to be applied at a height of 0.3H above the base of the wall. This 
seismic loading is for a drained, level backfill condition only; NV5 should be consulted for values of 
seismic loading due to non-level or non-drained backfill conditions. The use of reduced factors of 
safety is often appropriate when reviewing overturning and sliding resistance during seismic 
events. 

5.2.5 Pavement Design 

The following recommended asphalt concrete flexible pavement sections are preliminary based on 
assumed design R-value of 35 for the proposed import granular engineered fill. Preliminary traffic 
indices (TIs) of 5-7 were selected based on anticipated light to heavy industrial activity at the Site. The 
TIs are being considered on a preliminary basis to facilitate planning of the proposed onsite and offsite 
roadways. Other TIs or specific R-values may need to be considered in design if heavy vehicle loads, 
truck traffic, or improvements deviate from the proposed development plan. Pavement design is 
presented in Table 5.2.5-1 below. 

Table 5.2.5-1, Recommended Pavement Sections 

R-Value 
Traffic Index 

(TI) 
Asphalt Concrete 

(inches) 

Class 2 Baserock 
at 95% Compaction 

(inches) 

Subgrade Soil 
at 95% Compaction 

(inches) 

35 

5 2.5 6.0 12 

6 2.5 8.5 12 

7 2.8 10.5 12 

 
We make the following recommendations regarding paving at the Site. 

1. Fill must be compacted to a minimum of 90 percent of the maximum dry density per ASTM D 
1557, Modified Proctor. The upper 12 inches of subgrade in areas to be paved must be compacted 
to a minimum of 95 percent per ASTM D 1557. Baserock should be compacted to a minimum of 95 
percent per ASTM D 1557. Moisture content, density and relative percent compaction should be 
verified by NV5. In addition to density testing, the subgrade must be proofrolled under the 
observation of a representative of NV5, prior to baserock placement. 

2. Subgrade should be sloped to drain away from the proposed road alignment.  

3. Import soil, if used, should be predominantly granular, non-expansive and free of deleterious 
material. Proposed import should be submitted to NV5 for testing prior to transport to the Site.  
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4. Steel reinforced concrete slabs should be considered for use in loading bays, service docks, 
garbage facilities, and other areas where frequent, heavy vehicle loads are anticipated. The 
project structural engineer should determine slab thickness and steel reinforcement.  

5. Depending on the subsurface conditions encountered and the sources of fill, the actual subgrade 
material may vary significantly from that tested during this investigation. Representative subgrade 
samples should be obtained, and additional R-value tests performed, if appropriate, to confirm 
the recommendations in this report. If the results of confirmation testing vary significantly from 
those used in design, the recommended pavement sections may need to be revised. 

6.0 LIMITATIONS 
The following limitations apply to the findings, conclusions and recommendations presented in this 
report: 

1. This report should not be relied upon without review by NV5 if a period of 24 months elapses 
between the issuance report date shown above and the date when construction commences. 

2. Our professional services were performed consistent with the generally accepted geotechnical 
engineering principles and practices employed in northern California. No warranty is expressed or 
implied. 

3. These services were performed consistent with our agreement with our client. We are not 
responsible for the impacts of any changes in environmental standards, practices, or regulations 
subsequent to performance of our services. We do not warrant the accuracy of information 
supplied by others, or the use of segregated portions of this report. This report is solely for the use 
of our client unless noted otherwise. Any reliance on this report by a third party is at the party's 
sole risk. 

4. If changes are made to the nature or design of the project as described in this report, then the 
conclusions and recommendations presented in this report should be considered invalid. Only our 
firm can determine the validity of the conclusions and recommendations presented in this report. 
Therefore, we should be retained to review all project changes and prepare written responses 
with regards to their impacts on our conclusions and recommendations. However, we may require 
additional fieldwork and laboratory testing to develop any modifications to our recommendations. 
Costs to review project changes and perform additional fieldwork and laboratory testing necessary 
to modify our recommendations are beyond the scope of services presented in this report. Any 
additional work will be performed only after receipt of an approved scope of services, budget, and 
written authorization to proceed.  

5. The analyses, conclusions and recommendations presented in this report are based on site 
conditions as they existed at the time we performed our investigations. We have assumed that 
the subsurface soil and groundwater conditions encountered at the locations of exploratory 
trenches and borings are generally representative of the subsurface conditions throughout the 
entire subject site. However, the actual subsurface conditions at locations between and beyond 
exploratory trenches/borings may differ. Therefore, if the subsurface conditions encountered 
during construction are different than those described in this report, then we should be notified 
immediately so that we can review these differences and, if necessary, modify our 
recommendations. 
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6. The elevation or depth to the groundwater table underlying the subject site may differ with time 
and location; therefore, the depth to the groundwater table encountered in the exploratory 
trenches and borings is only representative of the specific time and location where it was 
observed. 

7. Our geotechnical investigation scope of services did not include evaluating the subject site for the 
presence of historic mining surface features or hazardous materials. Although we did not observe 
evidence of historic mining activity or hazardous materials within the proposed building area at 
the time of our field investigation, all project personnel should be careful and take the necessary 
precautions should hazardous materials be encountered during construction. Possible historic 
mining excavation not detected during our investigation may impact the proposed improvements. 

8. NV5’s experience and that of the civil engineering profession clearly indicates that during the 
construction phase of a project the risks of costly design, construction and maintenance problems 
can be significantly reduced by retaining a design geotechnical engineering firm to review the 
project plans and specifications and to provide geotechnical engineering CQA observation and 
testing services. Upon your request, NV5 will prepare a CQA geotechnical engineering services 
proposal that will present a work scope, a tentative schedule and fee estimate for your 
consideration and authorization. If NV5 is not retained to provide geotechnical engineering CQA 
services during the construction phase of the project, then NV5 will not be responsible for 
geotechnical engineering CQA services provided by others nor any aspect of the project that fails 
to meet your or a third party’s expectations in the future. 

9. All temporary excavations must comply with applicable local, state and federal safety regulations, 
including the current Occupational Safety and Hazards Administration (OSHA) excavation and 
trench safety standards. Construction site safety is the responsibility of the contractor, who is 
solely responsible for the means, methods and sequencing of construction operations. Under no 
circumstances should the findings, conclusions and recommendations presented herein be 
inferred to mean that NV5 is assuming any responsibility for temporary excavations, or for the 
design, installation, maintenance and performance of any temporary shoring, bracing, 
underpinning or other similar systems. 

10. The findings of this report are valid as of the present date. However, changes in the conditions of 
the property can occur with the passage of time. The changes may be due to natural processes or 
to the works of man, on the subject site or adjacent properties. In addition, changes in applicable 
or appropriate standards can occur, whether they result from legislation or the broadening of 
knowledge. Therefore, the recommendations presented in this report should not be relied upon 
after a period of two years from the issue date without our review.
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Figure 1  Site Vicinity Map 

Figure 2  Site Arial Map



Penn Valley 

NVS 

.,� 
,i, 

.Srlrf-' Sp rir:-tJs Ro

R1mrf6/p/J Ffal 

AMEFUCAN RANCH HrLL 

s\ te creek

I 

\ 

R) 

� 
i-

'tj. 

.:f-, 

Ro��lh,rnd·Re;.i,:iy, SITE LOCATION 
-,.� 

I '6 
"', 

' 
I 

Condon 

Par� 

It.:' 

I 
,..i

..., 
�� Osbornaer 

C -.::- 1-{IJf 
!r.,-

,:::. 

� 'C 

.,;: q: 
0- 0) 

,e'l "<I" 
.Y. = 

� 
" 

< C 

LOCATION MAP 

IDAHO-MARYLAND MINE PROJECT - CENTENNIAL INDUSTRIAL SITE
GRASS VALLEY, CALIFORNIA 

1; 

IJ2 
0 

i 

3152 ff 

N ,1da Coul\ 

A•P Parl· oma ,,i.-C
-;,\ 

�·' 

"1/ 
;] 

r.F� 

.f 

'<"\\\ c ro,;,s Rd 

Ql ,.._e;l 

et Gr__ e�
. \11'0 

\.-

BWlller Mti11nram 

3901 ff' 

&?n/.og HI� i 

Or(le,;1,.,. 

i'/,1:;;, 

,;,: 
!J 
C 

C• 

r,:. =s.-,
,<;, 

BASE MAP FROM NEVADA COUNTY GEOGRAPHIC INFORMATION SYSTEM

) 
� 

I 
0 MILE 

SCALE 

PREPARED BY: 

REVIEWED BY: 
FIGURE 

NV5 PROJECT: 1 
DATE:

J. SMITH
D. VIEIRA
5279.02
NOVEMBER 2019



N

200 0 200 400 feet

SITE AERIAL MAP
IDAHO-MARYLAND MINE PROJECT - CENTENNIAL INDUSTRIAL SITE

GRASS VALLEY, CALIFORNIA

BASE MAP FROM GOOGLE EARTH (ACCESSED NOVEMBER 2019)

FIGURE
PREPARED BY:

DATE:

REVIEWED BY:

NV5 PROJECT:

J. SMITH
D. VIEIRA
5279.02
NOVEMBER 2019

2

IDAHO MARYLAND RD

WHISPERING PINES LN

CENTENNIAL DR

SITE BOUNDARY



 

 

APPENDIX A 

Proposal 



 

792 Searls Avenue | Nevada City, CA 95959 | www.NV5.com | Office 530.478.1305 | Fax 530.478.1019 
CONSTRUCTION QUALITY ASSURANCE – INFRASTRUCTURE – ENERGY – PROGRAM MANAGEMENT – ENVIRONMENTAL 

 
Project No. 5279.02 
August 30, 2019 

Rise Gold Corporation 
333 Crown Point Circle, Suite 215 
Grass Valley, CA 95945  

Attention:         Benjamin Mossman, P.Eng. 
  President, CEO, and Director 

Reference: Idaho-Maryland Gold Project 
Grass Valley, California 

Subject: Proposal for Geotechnical Engineering Services 
 
Dear Mr. Mossman: 

NV5 proposes to provide geotechnical engineering services in support of near-surface 
development planning and environmental review for the Idaho-Maryland Gold Project. The 
geotechnical investigation will include the Brunswick Industrial Site, Centennial Industrial Site, 
and locations of surface mine features on third-party owned properties. As described below, 
investigation tasks include:  

1. Geotechnical engineering investigation and reports for the Brunswick Industrial Site and 
Centennial Industrial Site:  
a. Subsurface investigation of Brunswick Industrial Site development area and dam;  
b. Dam stability analysis and grading recommendations if mitigation is necessary; 
c. Evaluation of an existing subsurface culvert at the Brunswick Industrial Site; 
d. Surface reconnaissance of Centennial Industrial Site and document review;  
e. Geotechnical engineering reports, including analysis, recommendations and design 

criteria for the Brunswick Industrial Site and Centennial Industrial Site: 
i. Recommendations for subgrade preparation, drainage and grading;  

ii. Stability analysis of proposed fill slope configurations;  
iii. Foundation design criteria for proposed industrial development; and 
iv. Design criteria for retaining walls, roads and utilities. 

2. Geotechnical engineering review of near-surface mine features: 
a. Surface reconnaissance, document review and/or subsurface investigation of surface 

features as identified by Rise Gold Corporation; and 
b. Summary letter providing an opinion regarding geotechnical conditions associated 

with the surface features and, if necessary, recommendations for mitigation and/or 
monitoring.   
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SCOPE OF SERVICES 
The scope of services described below includes a design-level geotechnical investigation and 
report for the two industrial sites, as well as geotechnical engineering review of surface 
features.  

TASK 1 – DESIGN-LEVEL GEOTECHNICAL ENGINEERING INVESTIGATION 

NV5 will perform a design-level geotechnical investigation of the Centennial Industrial Site and 
will review previous investigation findings for the Centennial Industrial Site. The investigation 
will be performed in general accordance with the 2016 California Building Code (CBC), and will 
focus on the currently proposed development. 

Our design-level geotechnical engineering investigation will include map and document review, 
subsurface exploration and laboratory testing to determine soil engineering material 
properties, and data analysis to develop earthwork, paving and general foundation design 
criteria for the proposed development. We will also perform a stability analysis of the existing 
dam at the Brunswick Industrial Site and proposed fill slope configurations at both sites.    

Plan and Document Review 

NV5 will perform a map and literature review of published documents pertinent to the two 
sites including geologic maps, soil survey maps and previous known historical works on the 
sites.   

Surface Reconnaissance 

NV5 will perform a surface reconnaissance of both sites to identify surface conditions that may 
impact the proposed site development plans.  

Subsurface Investigation 

NV5 will perform a subsurface investigation at the Brunswick Industrial Site to characterize 
near-surface soil, rock and groundwater conditions, including:   

• One day of drilling with truck-mounted auger drill rig to depths of approximately 20 to 30 
feet below the ground surface (bgs), or until practical drilling refusal is met. The 
exploratory borings will focus on the dam to  estimate the extent of weak materials 
identified during previous investigation. If time permits, we will advance borings at other 
locations in the development area where exploratory trenching is impractical (e.g., paved 
areas).  

• One day of exploratory trenching to depths of approximately 10 feet bgs. The exploratory 
trenches will focus on the general development area.   

Underground Utilities 

NV5 will mark the site for Underground Service Alert (USA) prior to subsurface investigation. 
USA will notify public utility companies of the proposed investigation so that the utility 
companies can mark their utility locations. We will rely on the client to mark private utilities so 
that we can avoid them during subsurface exploration. NV5 will not be responsible for damage 
to subsurface utilities that were not marked or were improperly marked prior to our 
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investigation. To reduce the chance of damage to underground utilities, at your request we can 
retain a private utility locating service for an additional fee. 

Exploratory Drilling 

Exploratory boring locations will be determined based on access capabilities of the drill rig and 
location of existing onsite utilities (if any). Drill cuttings will remain at the boring locations 
unless Rise Gold Corporation requests their removal. If NV5 must remove excess drill cuttings,  
additional costs will be incurred based on our fee schedule. The borings will be backfilled with 
grout pursuant to local code requirements.  

NV5’s field engineer/geologist will record the subsurface conditions encountered in the 
exploratory borings.  If groundwater is encountered, the depth to groundwater will be 
measured. 

NV5 will collect both relatively undisturbed and disturbed soil samples.  Relatively undisturbed 
soil samples will be collected with a standard penetration test (SPT) sampler and a 2.5-inch 
inside diameter split spoon barrel sampler equipped with brass liner tubes. The soil samples will 
be labeled, sealed, and transported to our laboratory facility where selected samples will be 
tested to determine their engineering material properties. 

Generally, soil samples will be collected at depths of 0, 2, 5 and 10 feet bgs, and on five-foot 
intervals below that depth or at changes in subsurface conditions, until the boring is 
terminated. Sample intervals are subject to change depending upon the soil conditions 
encountered.  

Exploratory Trenching 

NV5 will excavate 6 to 10 exploratory trenches in the proposed development area to depths up 
to 10 feet bgs, or to refusal if encountered at shallower depths.  Excavated soil will be placed 
back into the exploratory trenches but will not be compacted. Recompaction of the trenches 
should be performed during site development. 

An NV5 engineer/geologist will record subsurface conditions and obtain soil samples using hand 
tools such as a drive sampler. The soil samples will be labeled, sealed, and transported to our 
laboratory where selected samples will be tested to determine their engineering material 
properties.   

Laboratory Testing 

Laboratory tests will be performed using ASTM International (ASTM) and Caltrans methods as 
guidelines.  Depending on the subsurface conditions encountered, we anticipate that 
laboratory testing may include: 

• D1140 200 Mesh Wash 
• D2166 Unconfined Compressive Strength (rock and soil) 
• D2216 Moisture Content 
• D2487 Unified Soil Classification System 
• D2844 Resistance Value 
• D2937 Density 
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• D3080 Direct Shear Strength 
• D4318 Atterberg Limits  
• D4829 Expansion Index  
• Caltrans Method 417 and 422, Sulfate and Chloride  
• Caltrans Method 643, Resistivity 

Data Analysis And Engineering 

NV5 will evaluate slope stability and perform calculations to develop geotechnical engineering 
design criteria:   

• Stability analysis will include the existing dam and proposed fill slope configurations. 
• Evaluation of the existing culvert will include non-destructive testing of the culvert 

thickness at locations near the inlet and outlet, soil corrosivity analysis, and estimation of 
service life.    

• The geotechnical engineering recommendations will include general procedures and 
geotechnical design parameters for earthwork and structural improvements.  

Geotechnical Engineering Reports 

Two design-level geotechnical reports will be prepared: one for the Brunswick Industrial Site 
and one for the Centennial Industrial Site.  

The reports will summarize our investigation methods, summarize the results of previous 
investigation, provide an opinion regarding the geotechnical feasibility of the proposed 
developments, and present findings and geotechnical engineering design recommendations for 
the proposed earthwork and structural improvements. The geotechnical engineering design 
recommendations will address the following topics: 

Earthwork Improvements 

1. Site clearing and subgrade preparation. 
2. Fill moisture conditioning, placement, and compaction. 
3. Deep fill placement and rock slope protection. 
4. Cut and fill slope grading. 
5. Utility trench backfill placement and compaction. 
6. Retaining wall backfill. 
7. Retaining wall drainage. 
8. Surface water drainage. 
9. Expansive soil mitigation (if appropriate). 
10. Temporary construction dewatering methods. 
11. Subdrain recommendations (if appropriate). 

Structural Improvements 

1. Seismic design parameters (2016 CBC) 
2. Foundation types and minimum embedment depths. 
3. Allowable soil bearing capacity.  
3. Foundation soil friction coefficients. 
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4. Lateral earth pressures for foundation and retaining wall design. 
5. General construction recommendations for slabs-on-grade. 
6. Retaining wall design criteria. 
7. Typical pavement sections based on R-value results and typical traffic indices.  

The reports will include a site plan showing the approximate locations of exploratory 
borings/trenches and prominent surface features. The report appendices will present the 
exploratory boring/trench logs and laboratory test data.  

TASK 2 – GEOTECHNICAL ENGINEERING REVIEW OF SURFACE FEATURES 

NV5 will perform a geotechnical engineering review of near-surface mine features identified by 
Rise Gold Corporation. We understand that Rise Gold Corporation will provide historical maps 
and data and will describe the features with respect to proposed underground mining 
operations.  

The geotechnical engineering review will include surface reconnaissance and document review. 
Although we do not anticipate that subsurface investigation will generally be necessary, this 
may change depending upon the specific characteristics of each feature.  

NV5 will prepare a summary letter providing an opinion regarding geotechnical conditions 
associated with the surface features and, if necessary, recommendations for mitigation and/or 
monitoring.   

If mitigation measures include engineered physical closure, NV5 will provide an engineered 
closure plan and specifications. We will be able to provide engineering consultation and testing 
during physical closure construction and a   to assist you and/or your contractor and summarize 
our visits in field reports. Upon completion of each closure, we will provide a summary letter 
documenting the closure work and including our field reports. 

ADDITIONAL SERVICES 
Review of Plans and Specifications 

NV5 should be retained to review the plans and specifications for the development project, 
when available, to confirm that the findings of our geotechnical engineering investigation are 
incorporated into the project geotechnical design. Prior to securing a permit, the local building 
official may require this plan conformance review.  

Construction Observation and Testing 

The geotechnical engineering recommendations presented in our reports must be validated by 
NV5 during construction. The purpose of our construction observation and testing is to verify 
subsurface conditions and confirm that the project is constructed in accordance with the 
geotechnical engineering recommendations presented in our reports and in the project plans 
and specifications.  

ASSUMPTIONS AND CLIENT RESPONSIBILITIES 
This proposal is based on the following assumptions: 

• The client will provide NV5 with authorization to access the site. 
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• NV5 will mark the Brunswick Site for USA prior to performing the subsurface investigation. 
The client will provide information regarding the location of existing onsite private 
utilities. Although reasonable care will be used during our investigation, the client 
understands that unmarked underground utilities may be damaged. NV5 will not be 
responsible for repair of utilities that were not marked or were improperly marked prior 
to the investigation. If requested, we can retain a private utility locating service for an 
additional fee.  

• Upon completion of each task, a PDF digital copy of the reports or design sheets will be 
provided to the client and/or the client’s engineers and architects.  

• Client meetings, report revisions and consultation services following report submittals are 
not included in the fee estimate but can be provided on a time and materials basis at the 
client's request. 

• This proposal and our associated fee are based on the use of the attached terms and 
conditions.  

FEES 
Task 1 – Design-Level Geotechnical Engineering Investigation 

NV5 will perform Task 1, Design-Level Geotechnical Engineering Investigation, on a lump sum 
basis as described below.  

Site Fee 
Brunswick Industrial Site .................................................................. $  
Centennial Industrial Site .................................................................. $  
Total Fee $  

Billing will be monthly on a percent complete basis and terms of payment are net 30 days. Full 
payment is due upon completion of the work and issuance of the report. The cost associated 
with this scope of service is valid for a period of 60 days from the date of this proposal. 

We request a retainer in the amount of $  that will be applied to the subcontracted 
exploration services. The remainder of the retainer will be applied to the final invoice upon 
project completion. 

Task 2 – Geotechnical Engineering Review of Surface Features 

NV5 will perform Task 2, Geotechnical Engineering Review Of Surface Features, on a time and 
expense basis according to the attached 2019 Fee Schedule. Our estimated fee for Task 2 is 
$ . Billing will be monthly according to the fee schedule.  

SCHEDULE 
We have tentatively scheduled the drill rig for October 4, 2019. We can typically provide verbal 
preliminary design recommendations within one to two weeks of our field investigation.  We 
anticipate the geotechnical reports can be issued within six weeks of the field investigation.  

If we encounter field conditions that may require additional investigation or otherwise impact 
our proposed schedule, we will contact you promptly to discuss. 
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AUTHORIZATION TO PROCEED 
If this proposal is acceptable, please review and sign the attached agreement for engineering 
services and return one copy to our Nevada City office with a retainer of $9,000 as our 
authorization to proceed.  

Thank you for the opportunity to provide this proposal.  If you have any questions, please 
contact our office. 

Sincerely, 
NV5 

Prepared by: Reviewed by: 

Daniel Vieira, P.G. Chuck Kull, G.E. 
Project Geologist Principal Engineer 

Attached: Agreement for Geotechnical Engineering Services 
 2019 Fee Schedule 

Copy: PDF to Rise Gold Corporation /Attn: Ben Mossman, ceo@risegoldcorp.com 
 PDF to Rise Gold Corporation /Attn: Tessa Brinkman, tbrinkman.peng@gmail.com  
 
F:\1 Projects\5279 Idaho-Maryland Mine\02 Geotechnical\Proposal\5279.02 NV5 Proposal for Geotechnical Services, Idaho-Maryland 
Mine.docx 
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APPENDIX B 

Important information about your Geotechnical engineering report 
(Included with Permission of GBA, copyright 2016) 



Geotechnical-Engineering Report
Important Information about This

Subsurface problems are a principal cause of construction delays, cost overruns, claims, and disputes. 

While you cannot eliminate all such risks, you can manage them. The following information is provided to help.

The Geoprofessional Business Association (GBA) 
has prepared this advisory to help you – assumedly 
a client representative – interpret and apply this 
geotechnical-engineering report as effectively 
as possible. In that way, clients can benefit from 
a lowered exposure to the subsurface problems 
that, for decades, have been a principal cause of 
construction delays, cost overruns, claims, and 
disputes.  If you have questions or want more 
information about any of the issues discussed below, 
contact your GBA-member geotechnical engineer. 
Active involvement in the Geoprofessional Business 
Association exposes geotechnical engineers to a 
wide array of risk-confrontation techniques that can 
be of genuine benefit for everyone involved with a 
construction project. 

Geotechnical-Engineering Services Are Performed for 
Specific Purposes, Persons, and Projects
Geotechnical engineers structure their services to meet the specific 
needs of their clients. A geotechnical-engineering study conducted 
for a given civil engineer will not likely meet the needs of a civil-
works constructor or even a different civil engineer. Because each 
geotechnical-engineering study is unique, each geotechnical-
engineering report is unique, prepared solely for the client. Those who 
rely on a geotechnical-engineering report prepared for a different client 
can be seriously misled. No one except authorized client representatives 
should rely on this geotechnical-engineering report without first 
conferring with the geotechnical engineer who prepared it. And no one 
– not even you – should apply this report for any purpose or project except 
the one originally contemplated.

Read this Report in Full
Costly problems have occurred because those relying on a geotechnical
engineering report did not read it in its entirety. Do not rely on an 
executive summary. Do not read selected elements only. Read this report 
in full.

You Need to Inform Your Geotechnical Engineer 
about Change
Your geotechnical engineer considered unique, project-specific factors 
when designing the study behind this report and developing the 
confirmation-dependent recommendations the report conveys. A few 
typical factors include: 
•	 the client’s goals, objectives, budget, schedule, and 
	 risk-management preferences; 
•	 the general nature of the structure involved, its size, 		
	 configuration, and performance criteria; 
•	 the structure’s location and orientation on the site; and 
•	 other planned or existing site improvements, such as 		
	 retaining walls, access roads, parking lots, and 			
	 underground utilities. 

Typical changes that could erode the reliability of this report include 
those that affect:
•	 the site’s size or shape;
•	 the function of the proposed structure, as when it’s 		
	 changed from a parking garage to an office building, or 		
	 from a light-industrial plant to a refrigerated warehouse;
•	 the elevation, configuration, location, orientation, or 		
	 weight of the proposed structure;
•	 the composition of the design team; or
•	 project ownership.

As a general rule, always inform your geotechnical engineer of project 
changes – even minor ones – and request an assessment of their 
impact. The geotechnical engineer who prepared this report cannot accept 
responsibility or liability for problems that arise because the geotechnical 
engineer was not informed about developments the engineer otherwise 
would have considered. 

This Report May Not Be Reliable
Do not rely on this report if your geotechnical engineer prepared it:
•	 for a different client;
•	 for a different project;
•	 for a different site (that may or may not include all or a 		
	 portion of the original site); or 
•	 before important events occurred at the site or adjacent 		
	 to it; e.g., man-made events like construction or 		
	 environmental remediation, or natural events like floods, 	
	 droughts, earthquakes, or groundwater fluctuations.

Note, too, that it could be unwise to rely on a geotechnical-engineering 
report whose reliability may have been affected by the passage of time, 
because of factors like changed subsurface conditions; new or modified 
codes, standards, or regulations; or new techniques or tools. If your 
geotechnical engineer has not indicated an “apply-by” date on the report, 
ask what it should be, and, in general, if you are the least bit uncertain 
about the continued reliability of this report, contact your geotechnical 
engineer before applying it. A minor amount of additional testing or 
analysis – if any is required at all – could prevent major problems.

Most of the “Findings” Related in This Report Are 
Professional Opinions
Before construction begins, geotechnical engineers explore a site’s 
subsurface through various sampling and testing procedures. 
Geotechnical engineers can observe actual subsurface conditions only at 
those specific locations where sampling and testing were performed. The 
data derived from that sampling and testing were reviewed by your 
geotechnical engineer, who then applied professional judgment to 
form opinions about subsurface conditions throughout the site. Actual 
sitewide-subsurface conditions may differ – maybe significantly – from 
those indicated in this report. Confront that risk by retaining your 
geotechnical engineer to serve on the design team from project start to 
project finish, so the individual can provide informed guidance quickly, 
whenever needed. 



This Report’s Recommendations Are 
Confirmation-Dependent
The recommendations included in this report – including any options 
or alternatives – are confirmation-dependent. In other words, they are 
not final, because the geotechnical engineer who developed them relied 
heavily on judgment and opinion to do so. Your geotechnical engineer 
can finalize the recommendations only after observing actual subsurface 
conditions revealed during construction. If through observation your 
geotechnical engineer confirms that the conditions assumed to exist 
actually do exist, the recommendations can be relied upon, assuming 
no other changes have occurred. The geotechnical engineer who prepared 
this report cannot assume responsibility or liability for confirmation-
dependent recommendations if you fail to retain that engineer to perform 
construction observation.

This Report Could Be Misinterpreted
Other design professionals’ misinterpretation of geotechnical-
engineering reports has resulted in costly problems. Confront that risk 
by having your geotechnical engineer serve as a full-time member of the 
design team, to: 
•	 confer with other design-team members, 
•	 help develop specifications, 
•	 review pertinent elements of other design professionals’ 			 
	 plans and specifications, and 
•	 be on hand quickly whenever geotechnical-engineering 			 
	 guidance is needed. 
	
You should also confront the risk of constructors misinterpreting this 
report. Do so by retaining your geotechnical engineer to participate in 
prebid and preconstruction conferences and to perform construction 
observation.

Give Constructors a Complete Report and Guidance
Some owners and design professionals mistakenly believe they can shift 
unanticipated-subsurface-conditions liability to constructors by limiting 
the information they provide for bid preparation. To help prevent 
the costly, contentious problems this practice has caused, include the 
complete geotechnical-engineering report, along with any attachments 
or appendices, with your contract documents, but be certain to note 
conspicuously that you’ve included the material for informational 
purposes only. To avoid misunderstanding, you may also want to note 
that “informational purposes” means constructors have no right to rely 
on the interpretations, opinions, conclusions, or recommendations in 
the report, but they may rely on the factual data relative to the specific 
times, locations, and depths/elevations referenced.  Be certain that 
constructors know they may learn about specific project requirements, 
including options selected from the report, only from the design 
drawings and specifications. Remind constructors that they may 

perform their own studies if they want to, and be sure to allow enough 
time to permit them to do so. Only then might you be in a position 
to give constructors the information available to you, while requiring 
them to at least share some of the financial responsibilities stemming 
from unanticipated conditions. Conducting prebid and preconstruction 
conferences can also be valuable in this respect. 

Read Responsibility Provisions Closely
Some client representatives, design professionals, and constructors do 
not realize that geotechnical engineering is far less exact than other 
engineering disciplines. That lack of understanding has nurtured 
unrealistic expectations that have resulted in disappointments, delays, 
cost overruns, claims, and disputes. To confront that risk, geotechnical 
engineers commonly include explanatory provisions in their reports. 
Sometimes labeled “limitations,” many of these provisions indicate 
where geotechnical engineers’ responsibilities begin and end, to help 
others recognize their own responsibilities and risks. Read these 
provisions closely. Ask questions. Your geotechnical engineer should 
respond fully and frankly.

Geoenvironmental Concerns Are Not Covered
The personnel, equipment, and techniques used to perform an 
environmental study – e.g., a “phase-one” or “phase-two” environmental 
site assessment – differ significantly from those used to perform 
a geotechnical-engineering study. For that reason, a geotechnical-
engineering report does not usually relate any environmental findings, 
conclusions, or recommendations; e.g., about the likelihood of 
encountering underground storage tanks or regulated contaminants. 
Unanticipated subsurface environmental problems have led to project 
failures. If you have not yet obtained your own environmental 
information, ask your geotechnical consultant for risk-management 
guidance. As a general rule, do not rely on an environmental report 
prepared for a different client, site, or project, or that is more than six 
months old.

Obtain Professional Assistance to Deal with Moisture 
Infiltration and Mold
While your geotechnical engineer may have addressed groundwater, 
water infiltration, or similar issues in this report, none of the engineer’s 
services were designed, conducted, or intended to prevent uncontrolled 
migration of moisture – including water vapor – from the soil through 
building slabs and walls and into the building interior, where it can 
cause mold growth and material-performance deficiencies. Accordingly, 
proper implementation of the geotechnical engineer’s recommendations 
will not of itself be sufficient to prevent moisture infiltration. Confront 
the risk of moisture infiltration by including building-envelope or mold 
specialists on the design team. Geotechnical engineers are not building-
envelope or mold specialists.

Copyright 2016 by Geoprofessional Business Association (GBA). Duplication, reproduction, or copying of this document, in whole or in part, by any means whatsoever, is strictly 
prohibited, except with GBA’s specific written permission. Excerpting, quoting, or otherwise extracting wording from this document is permitted only with the express written permission 
of GBA, and only for purposes of scholarly research or book review. Only members of GBA may use this document or its wording as a complement to or as an element of a report of any 

kind. Any other firm, individual, or other entity that so uses this document without being a GBA member could be committing negligent

Telephone: 301/565-2733
e-mail: info@geoprofessional.org   www.geoprofessional.org
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Project No. 2416-03
October 25, 2004

Idaho-Maryland Mining Corp.
179 Clydesdale Court
Grass Valley, California 95945

Attention: Ross Guenther

Reference: Idaho-Maryland Mining Corporation Property
Idaho-Maryland Mine, New Brunswick, and Roundhole Easement Sites
Nevada County, California

Subject: Preliminary Geotechnical Engineering Report

Dear Mr. Guenther:

This report presents the results of our preliminary geotechnical engineering
investigation for three sites on Idaho-Maryland Mining Corporation property.  The Idaho-
Maryland site encompasses 101 acres and  is located south of Whispering Pines Lane
and north of East Bennett Road near Grass Valley, California.   The 37-acre New
Brunswick site is located southwest of the intersection of Brunswick Road and East
Bennett Road.  The one-acre Roundhole Easement site is located north of Whispering
Pines Lane near its intersection with Brunswick Road.  We understand that, as currently
proposed, the project will include the construction of industrial facilities associated with
proposed mining on the Idaho-Maryland Site.

The preliminary findings presented in this report are based on a cursory surface
reconnaissance at the site; review of selected geologic, soil survey and historical
references; review of previous reports for the property; and our experience with
subsurface conditions in the area.  Based on our preliminary findings, the project as
currently proposed appears to be feasible from a geotechnical engineering standpoint.
We should be allowed to perform a subsurface investigation to confirm our preliminary
recommendations as part of a design-level geotechnical engineering report.
Furthermore, we should be allowed to perform testing and observation services during
grading to confirm our design-level recommendations.
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Please contact us if you have any questions regarding our observations or the
preliminary recommendations presented in this report.

Sincerely,

HOLDREGE & KULL

Prepared by: Reviewed by:

Zack Washburn Jason W. Muir
Staff Geologist C.E. 60167

copies: 6 to Idaho-Maryland Mining Corp. (one unbound)

F:\1 Job Data\2416 Idaho Maryland Mine Property\2416-03 prelim geotech report.wpd
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1 INTRODUCTION

At the request of Idaho-Maryland Mining Corporation (IMMC), Holdrege & Kull
(H&K) performed a preliminary geotechnical engineering investigation of Idaho-
Maryland Mining Corporation property in Nevada County, California.  For your
review, the Appendix contains a document prepared by ASFE entitled Important
Information About Your Geotechnical Engineering Report, which summarizes the
general limitations, responsibilities, and use of geotechnical reports.

1.1 SITE DESCRIPTION

The project includes three sites on IMMC property.  The Idaho-Maryland site
encompasses 101 acres and is located south of Whispering Pines Lane and north
of East Bennett Road near Grass Valley, California.  The 37-acre New Brunswick
site is located southwest of the intersection of Brunswick Road and East Bennett
Road.  The one-acre Roundhole Easement site is located north of Whispering
Pines Lane near its intersection with Brunswick Road.  The sites are currently in an
unincorporated portion of Nevada County adjacent to the city limits of Grass
Valley, California.  Site boundaries are shown on the attached Sheet 1.

1.2 PROPOSED IMPROVEMENTS

Our understanding of the project as currently proposed is based on our
conversation with Mr. Ross Guenther and our review of a conceptual site plans
prepared by IMMC dated May 2004.  We understand that, as currently proposed,
the project will include the construction of industrial facilities associated with
proposed mining on the Idaho-Maryland site.  A grading plan for the project was
not available for our review.

1.3 PURPOSE

The purpose of our preliminary geotechnical investigation was to review pertinent
geologic, soil survey and historical information; to review a report previously
prepared by H&K; and to observe the site to assess the feasibility of development
from a geotechnical engineering standpoint.
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1.4 SCOPE OF SERVICES

To prepare this report, we performed the following scope of services:

P We performed a cursory reconnaissance of the site.

P We reviewed selected geologic and soil survey literature.

P We reviewed selected historical maps and literature pertinent to historic
mining activity in the vicinity of the site.

P We reviewed our Preliminary Geotechnical Engineering Report for Milco and
Platner Property, dated April 22, 2003, that pertains to a portion of the subject
property.

P Based on observations made during our site reconnaissance, the results of
our literature review and our experience with soil conditions in the area, we
prepared this report, which provides preliminary geotechnical engineering
recommendations for the proposed improvements.

2 SITE INVESTIGATION

The following sections summarize our literature review and field reconnaissance.

2.1 GEOLOGIC SETTING

We reviewed the Geologic Map of the Grass Valley - Colfax Area (A. Tuminas,
1983).  According to this map, the Idaho-Maryland site is underlain by early
Mesozoic rock associated with the Lake Combie complex.  The geology of the
western portion of the site is characterized by serpentinized rock.  The central
portion of the site is underlain by gabbro and diorite and the eastern portion is
characterized by massive diabase.  The Mesozoic era occurred between
approximately 245 and 65 million years before present (MYBP).

The central portion of the New Brunswick site lies on Quaternary alluvium (i.e.,
water lain sediments deposited in the past 2 million years); the flanks of the site
are underlain by massive diabase of the Lake Combie complex.
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The northern portion of the Roundhole Easement site is underlain by massive
diabase, and the southern portion is characterized by serpentinized rock.

2.2 SITE SOIL CONDITIONS

2.2.1 Idaho-Maryland Site

We reviewed the Soil Survey of the Nevada County Area, California (USDA Soil
Conservation Service, reissued August 1993).  The soil survey indicates that the
undisturbed portions of the southwestern part of the Idaho-Maryland site are
located in an area typified by Secca-Rock outcrop complex.  The soil survey
describes the Secca soil type as moderately well drained soil underlain by
metabasic or basic rock.  Permeability is slow, and partly weathered basic rock is
typically encountered at a depth of approximately 45 inches below the ground
surface (bgs).  Rock outcrop typically comprises 10 to 40 percent of the surface
area typified by this complex.  The undisturbed portions of the eastern side of the
site are located in an area typified by Sites loam.  The soil survey describes the
Sites soil type as well drained soil underlain by tilted metasedimentary and
metabasic rock.  Weathered metasedimentary and basic rock is typically
encountered at a depth of approximately 78 inches bgs.  Permeability is
moderately slow.  The southern central portion of the site is classified by the soil
survey as cut and fill land, which has been altered by methods other than mining.
The survey states that deep accumulations of bark may be present at locations
previously used as logging deck yards or lumber stack yards.  The northwestern
portion of the site is underlain by Placer diggings, according to the survey.  This
soil type occurs along drainage ways that have been placer mined and is typically
comprised of gravel with little fines.

2.2.2 New Brunswick Site

The southwestern part of the New Brunswick is underlain by Aiken Loam according
to the soil survey.  The soil survey describes the Aiken Loam as a  well-drained soil
that forms on the sides of andesitic flows.  According to the survey, permeability of
the Aiken Loam soil type is moderately slow and weathered andesite is commonly
encountered at about 64 inches bgs.  The central portion of the site is
characterized by Placer diggings while the northeastern portion is classified as
clayey Alluvial Land.  The soil survey describes clayey Alluvial Land as a
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miscellaneous land type consisting of narrow areas of alluvial deposits.  These
soils are moderately well drained to poorly drained and permeability is moderately
slow to very slow.

2.2.3 Roundhole Easement Site

The Roundhole Easement site lies entirely on Secca-Rock outcrop complex
according to the soil survey.  The properties of this soil type are described above.

2.3 HISTORICAL RESEARCH

We reviewed portions of the following documents pertaining to historic mining
activities in the immediate vicinity of the subject property.

2.3.1 Geologic Map of the Grass Valley Quadrangle and Adjacent Area,
Nevada County, California

2.3.1.1 Idaho-Maryland Site

The Geologic Map of the Grass Valley Quadrangle and Adjacent Area, Nevada
County, California (1939) contained in The Gold Quartz Veins of Grass Valley,
California (W.D. Johnston, Jr., Geological Survey Professional Paper 194, U.S.
Department of the Interior, 1940) depicted the Maryland Mine north of the subject
property on the Eureka-Idaho-Maryland vein.  The vein strikes west-northwest and
dips 50 to 70 degrees to the south-southwest.  An underground inclined shaft
extended south and southeast from the Maryland Mine.  This shaft lies north of the
northern boundary of the site, according to the map.  

The Geologic Map of the Grass Valley Quadrangle and Adjacent Area, Nevada
County, California (1939) shows the South Idaho vein striking west-northwest
across the central portion of the site.  The vein dips 60 degrees to the south.  The
South Idaho shaft is shown in the alignment of the vein.  A horizontal or inclined
tunnel is shown striking east along the vein within the southeast portion of the site.

 According to The Gold Quartz Veins of Grass Valley, California (W.D. Johnston,
Jr., Geological Survey Professional Paper 194, U.S. Department of the Interior,
1940), the Idaho-Maryland shaft inclined to the 1000-foot level at an angle of 70
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degrees.  The Canyon (or Cañon) shaft, an inclined winze raking to the east from
the 1000-foot level, was advanced as far as the 1900-foot level to a depth greater
than 2,500 feet bgs.  The Eureka-Idaho-Maryland vein strikes north 77 degrees
west and has an average dip of 70 degrees southwest, ranging between 50 and 80
degrees.  The hanging wall is composed of diabase and gabbro and the footwall is
composed of serpentine.

2.3.1.2 New Brunswick Site

The Geologic Map of the Grass Valley Quadrangle and Adjacent Area, Nevada
County, California (1939) shows Union Hill Mine in the western part of the site on
the Union Hill vein.  The vein strikes northwest and dips between 50 and 90
degrees to the southwest.  An underground inclined shaft extended south-
southwest from the Union Hill Mine beneath the site.  The Union Hill shaft was
advanced to about 1050 feet bgs, according to the researched documents.

The Lucky and Cambridge shafts lie a few hundred feet west of the site.  These
shafts are vertical and intersect the Lucky Cambridge vein, which parallels the
Union Hill vein.  The Lucky shaft was apparently advanced to the 300-foot level,
but the depth of the Cambridge shaft is not stated in the The Gold Quartz Veins of
Grass Valley, California report.  The New Brunswick (shown as Brunswick on the
map) vertical shaft was included on the 1939 map, but no description of the shaft
dimensions was included in the report.

2.3.1.3 Roundhole Easement Site 

No information on the Roundhole shaft is provided in the The Gold Quartz Veins of
Grass Valley, California or shown on the Geologic Map of the Grass Valley
Quadrangle and Adjacent Area, Nevada County, California (1939).  The
approximate location of the Roundhole shaft, as shown on Sheet 1, was provided
by IMMC.

2.3.2 Mines and Mineral Resources of Nevada County

We reviewed the Mines and Mineral Resources of Nevada County (Errol
MacBoyle, California State Mining Bureau, December 1918). This publication
contained information regarding the Eureka-Idaho-Maryland vein that was
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discussed above, and contained additional information regarding the South Idaho
Mine.  The South Idaho vein is located approximately 1500 feet south of and
parallel to the Eureka-Idaho-Maryland vein.  The vein is located in diabase and
gabbro, strikes north 85 degrees west, and dips 70 degrees to the south.  The lode
was developed by inclined shaft only to a depth of 155 feet at the time of the 1918
publication.  A crosscut was driven south for a distance of 12 feet at a depth of 60
feet, and drifting was performed at the 100-foot level for a distance of 25 feet to the
south.  A tunnel was driven a distance of 800 feet on the vein east of the shaft
location.

This publication also contained information regarding the Union Hill vein and shaft
that was discussed above, but did not provide any information on the New
Brunswick, Lucky, or Cambridge shafts.

2.3.3 Map of the Grass Valley Quadrangle included in the Nevada City
Special Folio, California 

The Map of the Grass Valley Quadrangle included Nevada City Special Folio,
California (United States Geologic Survey, 1896) depicted the features described
above that were shown on the 1939 Geologic Map of the Grass Valley Quadrangle
and Adjacent Area, Nevada County, California.

2.3.4 Map Showing Mining Properties of the Grass Valley Mining District,
Nevada County, California 

2.3.4.1 Idaho-Maryland Site

The Map Showing Mining Properties of the Grass Valley Mining District, Nevada
County, California (Division of Mines, 1930) showed the Idaho-Maryland site as
being located within the Idaho-Maryland Mining Company claim.  The map also
depicted the Idaho-Maryland vein and shaft, as well as the South Idaho vein and
shaft, as discussed above for the 1939 Geologic Map of the Grass Valley
Quadrangle and Adjacent Area, Nevada County, California.  
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2.3.4.2 New Brunswick Site

The Map Showing Mining Properties of the Grass Valley Mining District, Nevada
County, California (Division of Mines, 1930) showed the New Brunswick site as
being located within the Idaho-Maryland Mining Company claim.  The map also
depicted the Union Hill vein and shaft, as well as the New Brunswick shaft, as
discussed above for the 1939 Geologic Map of the Grass Valley Quadrangle and
Adjacent Area, Nevada County, California.  

2.3.4.3 Roundhole Easement site 

The Map Showing Mining Properties of the Grass Valley Mining District, Nevada
County, California (Division of Mines, 1930) did not show the Roundhole shaft, but
did depict the area of the Roundhole shaft as being within the Idaho-Maryland
Mining Company claim.

2.4 REVIEW OF OTHER REPORTS

In our 2003 Preliminary Geotechnical Engineering Report for Milco and Platner
Property, we reviewed a report prepared by Neil O. Anderson and Associates, Inc.
entitled Preliminary Geotechnical Investigation, Grass Valley Business and
Professional Park Between Idaho Maryland and East Bennett Rd, Grass Valley,
California (August 15, 1991).  The 1991 investigation included the excavation of 22
exploratory trenches on portions of the Idaho-Maryland site. The trenches ranged
from 2.5 to 13.5 feet deep.  
 
The Anderson and Associates report described two previously graded areas on the
Idaho-Maryland site that have loose, organic  fill.  One previously graded area lies
in southeastern part of the site at the base of a cut slope.  Fill up to 3.5 feet deep
was encountered in the exploratory trenches excavated on the northern portion of
this previously graded area.  The fill was generally described as sand and gravel
with organic material and occasional larger rock.  Fill deeper than 13.5 feet was
encountered in the exploratory trenches excavated on the southern end of this
area.  The fill was generally described as clay with abundant wood debris, as well
as sand and gravel.  There are no proposed structures shown on the site plan in
the vicinity of the eastern previously graded area.
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The other previously graded area lies in the southern part of the Idaho-Maryland
site beneath the proposed employee parking area.  Fill up to 4 feet deep was
encountered in the exploratory trenches excavated on the perimeter of this area.
The fill was generally described as sawdust, wood chips, clay, sand and gravel. 

Atterberg Limits testing was performed using five bulk samples of clay soil
obtained from depths ranging from 2.5 to 5.5 feet bgs in the exploratory trenches.
Plasticity Indices ranged from 13 to 32, and Liquid Limits ranged from 37 to 57.

The Anderson and Associates report concluded that the relatively loose, organic fill
onsite would not be suitable to support structural improvements.

We did not review any reports that pertain to the New Brunswick or Roundhole
Easement sites.

2.5 FIELD INVESTIGATION

We performed a surface reconnaissance of the project sites on October 15 and 18,
2004 to observe near surface soil conditions and visible evidence of potential
geologic hazards that may be present. 

2.5.1 Surface Conditions

2.5.1.1 Idaho-Maryland Site

We have subdivided the Idaho-Maryland site into three sections to clarify
discussion of the surface conditions at this site.  We define the main area,
southern area, and the southeastern area based on proposed use and topography.

The main area occupies the largest portion of the site and will include the ceramics
plant and the majority of the other proposed improvements.  The main area is
located in the northwest part of the Idaho-Maryland site and had topography that
slopes gently to the northwest.  The slopes ranged from less than 5 percent along
the perimeter of the main area to about 25 percent beneath the ceramics plant.
The gently sloping areas (<5%) appeared to have been previously graded and
much of their surfaces were covered with waste rock, presumably associated with
past hard rock mining.  The steeper slope in the vicinity of the proposed ceramics
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plant was covered with piles of waste rock up to 10-feet in height.  A ditch also
crossed this slope in the vicinity of the proposed ceramics plant.  The western part
of the central area was relatively flat lying and had patchy areas of sandy material
on the surface.  Two approximately 40-foot high reinforced concrete towers were
seen in the northwestern portion of the main area.  Site elevations ranged from
approximately 2490 feet above mean sea level (MSL) near the concrete towers to
2560 feet above MSL in the northeastern part of the main area.

Topography of the southern area was dominated by the western end of a small,
west-trending ridge and the land that sloped away from the ridge to the north,
south and west.  The native soil had been cut from the ridge top and deposited
along the edges of the resulting flat-lying area.  A short, timber crib wall retained
less than 5 feet of fill on the southern edge of the previously graded area,
immediately north of a dirt access road.  The remainder of the property appeared
to consist primarily of undisturbed native soil.  Elevations ranged from
approximately 2620 feet above MSL on the ridge near the eastern property
boundary to approximately 2530 feet above MSL near the southwest property
corner.  Slope gradients ranged from approximately 2 to 8 percent on the
previously graded ridge top and from approximately 2:1, horizontal to vertical (H:V)
on the land sloping away from the ridge.

The southeastern area contains the previously graded area, cut slopes, and a
steep natural slope along the eastern boundary.  The southeastern area was
relatively flat-lying and characterized by extensive cut and fill associated with past
lumber milling activities.  Several relic foundations, apparently associated with the
past lumber mill, as well as a concrete slab-on-grade and a pile of large concrete
fragments, were observed within the previously graded area. Cut slopes on the
east side of the graded area were up to 30 feet in height, and slope gradients
ranged from approximately 1:1, horizontal to vertical (H:V), to near vertical.
Significant residual rock structure was observed in the soil exposed in the cut slope
faces.  Elevations in this area ranged from approximately 2590 feet above MSL on
the graded area at the toe of the cut slope to approximately 2730 feet above MSL
near the eastern site boundary.  Slope gradients were generally less than 10
percent, excluding the natural slope, the cut slope, and a relatively steep fill slope
located on the southern end of the historic mill area.
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2.5.1.2 New Brunswick Site

The New Brunswick site sits in a valley created by the South Fork of Wolf Creek.
The site is bounded by Bennett Road to the north, a pond and associated dam to
the east, and a steep slope (60%) to the south.  Elevations across the site ranged
from 2540 feet above MSL at the western site boundary to roughly 2750 feet
above MSL around the New Brunswick Mine area.  The site consisted of the
generally flat lying surfaces around the New Brunswick Mine, gently sloping open
fields and tree covered areas extending downstream of the dam, and steep slopes
along the southern part of the site.  

Deep fill was apparent in the vicinity of the New Brunswick Mine workings.  We
also observed the mine silo, concrete slabs-on-grade, and the covered New
Brunswick shaft in this area.  

The gently sloping surfaces along the valley floor were covered with thick
vegetation and we could not evaluate the nature of the material in this area.  

We observed concrete walls and waste rock piles associated with the Union Hill
shaft in the northwestern part of the site.  We also observed numerous waste rock
piles on the northeast facing slopes across from the Union Hill shaft.  These piles
were up to 10 feet in height and were likely associated with mining from the
Cambridge shaft and nearby exploration.

2.5.1.3 Roundhole Easement Site

The Roundhole Easement site lies on the slope immediately north of Whispering
Pines Lane.  The proposed site consists of a 300-foot long access road and 300-
foot diameter circular area according the site plan.  We observed a north facing 25
percent slope along the access road and a shallower northeast facing 15 percent
slope in the circular area.  Elevations across the site ranged from 2705 feet above
MSL at the top of the access road to 2640 feet above MSL at the lowest part of the
site.  We observed the remains of a concrete structure and waste rocks piles in the
northern part of the site.  These features were likely associated with the Roundhole
shaft.
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2.5.2 Surface and Groundwater Conditions

We did not observe standing water at either the Idaho-Maryland site or the
Roundhole Easement site.  However, the ground surface of the flat lying portions
of both sites were saturated from recent rain.  

The South Fork of Wolf Creek trends northwest through the center of the New
Brunswick site.  The low-lying areas downstream of the dam were covered with
marsh vegetation, but we did not observe standing water in these areas at the time
of our site visit, which was performed at the end of the dry season.  However, we
observed flowing water in the South Fork of Wolf Creek.

3 LABORATORY TESTING

Laboratory testing was not included in the scope of our preliminary geotechnical
engineering investigation.  Laboratory testing would be required as part of a
design-level geotechnical engineering investigation for the project.

4 CONCLUSIONS

The following conclusions are based on our field observations and our experience
in the area.

P Based on the results of our preliminary geotechnical investigation, our
opinion is that the project is feasible from a geotechnical standpoint.  The
recommendations contained in this report are preliminary in nature and
should not be used for construction.

P Based on our review of geologic maps pertaining to the subject sites, we
do not anticipate that naturally occurring asbestiform minerals will be
encountered in the native soil/rock encountered in the majority of the three
sites.  However,  the western edge of the Idaho-Maryland site was mapped
as serpentine and may contain natural asbestiform minerals.  In addition,
material that may have been imported to the sites may contain asbestiform
minerals, although we did not encounter evidence of asbestiform minerals
during our site reconnaissance. The State of California Environmental
Protection Agency and Air Resources Board have recognized asbestos as
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a carcinogen. Grading in areas of fibrous serpentinite rock typically
requires an asbestos dust mitigation plan. The plan would address
engineering controls, air monitoring, laboratory testing, special handling
and input from local regulatory agencies.

P Our primary concern, from a geotechnical standpoint, is the presence of
relic mine features at the three sites and the presence of fill in portions of
the previously graded areas of the Idaho-Maryland site and New Brunswick
site.  We observed and performed field density testing during fill placement
in the area of the New Brunswick shaft, as summarized in our letter dated
February 5, 1997.  Much of the fill encountered during a previous
subsurface investigation performed by others at the Idaho-Maryland site
reportedly contained organic material that would not be suitable to support
structural improvements.  We anticipate that the relatively shallow fill
across much of the southern area would be able to be removed or, if
deemed suitable for the purpose, used for compacted fill.  However, the
deeper fill encountered by others in the southeastern area would likely
require extensive excavation and would not likely be able to be reused due
the reported abundance of organic materials.  

P The disturbed material and waste rock identified in the northwestern part of
the Idaho-Maryland site and at the New Brunswick site may not be suitable
to support structural improvements.  

P Waste rock piles cover portions of the Idaho-Maryland, New Brunswick,
and Roundhole Easement sites.  In general, these piles are not suitable to
support structural improvements.  The waste rock piles in the area of the
proposed ceramic plant would likely have to be removed prior to
construction.

P The most notable historic mining features documented on the site were the
New Brunswick shaft; the Roundhole shaft; the South Idaho shaft; and a
horizontal tunnel that extends east along the South Idaho vein in the
southeastern part of the site.  If improvements are planned in the
immediate recorded mining features, the features should be identified, if
possible, and closed per the recommendations of H&K or another qualified
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engineer.  We would be able to provide closure recommendations as part
of a design-level geotechnical engineering report.

P Based on our experience in the area, relatively shallow, resistant rock may
be encountered in portions of the site during grading or excavation for
utilities.  Preliminary recommendations for resistant rock are presented in
the following section.  Subsurface soil and existing fill may also contain
significant oversized rock and other large material that would require
specific recommendations for use as fill.  General recommendations for
placement of oversized rock are also presented in the following section.

P Based on our experience in the area and our review of laboratory test
results prepared by others, we anticipate that potentially expansive clay
soil may be encountered in some portions of the site above relatively
shallow, weathered rock.  Expansive clay soil is typically encountered in
this area in thin layers that require relatively modest design modification.
General recommendations pertaining to expansive soil are presented in
the following section.

P If the proposed improvements are to be located immediately above or
below the relatively high cut slopes on the southeastern area of the Idaho-
Maryland site, we anticipate that the slopes would require further
evaluation.   

P Other mine features may be present on or extending beneath the subject
properties which were not identified during this preliminary investigation.  

5 PRELIMINARY RECOMMENDATIONS

The following preliminary geotechnical engineering recommendations are based
on our understanding of the project as currently proposed, our field observations,
and our experience in the area.   The recommendations are preliminary and should
be verified by a design-level geotechnical engineering investigation.
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5.1 GRADING

5.1.1 Clearing and Grubbing

Subgrade for fill placement, paved areas, and building pads should be cleared and
grubbed of vegetation and other deleterious materials as described below.

1. Strip and remove organic surface soil (typically 0 to 2 inches in undisturbed
areas) containing shallow vegetation and any other deleterious materials.
Topsoil can be stockpiled onsite and used in landscape areas, but is not
suitable for use as fill.  The actual depth of stripping may vary across the site.
We anticipate that deeper fill with organics will be encountered in portions of
the previously graded areas.

2. Overexcavate loose fill, debris and/or other onsite excavations to underlying,
competent material.  Possible excavations include exploratory trenches
excavated by others, mantles or soil test pits, mining features, and tree stump
holes. 

3. Remove all rocks greater than 8 inches in greatest dimension (oversized rock)
from the top 12 inches of soil.   Oversized rock should be placed in deep fill
per the recommendations of the project geotechnical engineer, stockpiled for
later use in landscape areas or stacked rock walls, or removed from the site.

4. Vegetation, tree stumps and exposed root systems, any other deleterious
materials and oversized rocks not used in landscape areas should be
removed from the site.

5.1.2 Preparation for Fill Placement

Upon completion of site clearing, grubbing and overexcavation, the exposed native
soil should be observed by a representative of our firm prior to placement of fill at
the project site.  Fill placed on slopes steeper than 5:1, horizontal:vertical (H:V),
should be benched into the existing slope to allow placement of fill in horizontal
lifts.
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5.1.3 Fill Placement

Fill should be placed according to the following guidelines:

1. Material used for fill construction should consist of uncontaminated,
predominantly granular, non-expansive native soil or approved import soil.
Rock used in fill should be no larger than 8 inches in diameter. Rocks larger
than 8 inches are considered oversized material and should be placed in deep
fill per the recommendations of the project geotechnical engineer, stockpiled
for use in landscape areas or rock walls, or removed from the site. 

2. Oversized material may be windrowed in deeper fill under the observation of a
representative of the project geotechnical engineer.  The windrows should be
separated by at least one equipment width.  Compacted fill should be worked
into the sides of each windrow, and remaining voids should be filled with
smaller rock.  If the oversized material is to be incorporated into a rock fill that
does not permit density testing by nuclear methods, the contractor should
prepare a test fill during initial fill placement for observation and testing.  The
means and methods of subsequent fill placement will be evaluated for
conformance with the approved test fill. Subsurface seepage should be
addressed in areas of oversized rock placement and rock fill to reduce the
chance of soil migration in the fill associated with groundwater seepage
through the oversized material or rock fill.      

3. Imported fill material should be predominantly granular, non-expansive and
free of deleterious or organic material.  If imported material is required to
grade the site, it should be submitted to H&K for approval and laboratory
analysis at least 72 hours prior to use as fill.

4. Clay soil, if encountered, may be used as fill if mixed with granular soil at a
ratio determined by the project geotechnical engineer.  A typical mixing ratio
for granular soil to clay soil is four to one.

5. Fill should be uniformly moisture conditioned and placed in maximum 8-inch
thick loose lifts (layers) prior to compacting.
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6. All fill should be compacted to at least 90 percent of the maximum dry density
per ASTM D1557.  The upper 8 inches of fill in building footprints and paved
areas should be compacted to a minimum of 95 percent of the maximum dry
density per ASTM D1557.

7. The moisture content, density and relative compaction of all fill should be
evaluated by our firm during construction.

5.1.4 Differential Fill Depth

To reduce the magnitude of differential settlement associated with variable fill
depth beneath structures, we recommend that differential fill depths beneath
structures should not exceed 5 feet.  For example, if the maximum fill depth is 8
feet across a building pad, the minimum fill depth beneath that pad should not be
less than 3 feet.  If a cut-fill building pad is used in this example, the cut portion
would need to be overexcavated 3 feet and replaced with compacted fill.  As part
of a design-level geotechnical investigation, we would be able to provide additional
recommendations to reduce differential settlement for structures, such as the
proposed ceramics plant, which are to be located in moderately sloping portions of
the site.

5.1.5 Cut/Fill Slope Grading

1. Cut and fill slopes should generally be no steeper than 2:1, H:V.  Based on
our experience in the area, 1½:1, H:V, or steeper cut slope gradients may be
possible in some areas that have significant rock structure.  Allowable slope
gradients must be verified based on the results of laboratory testing performed
as part of a design-level geotechnical investigation.

2. Fill slopes should be constructed by overbuilding the slope face and then
cutting it back to the design slope gradient.  Fill slopes should not be
constructed or extended horizontally by placing soil on an existing slope face
and/or compacted by track walking.  

3. Benching during placement of fill on an existing slope must extend through
loose surface soil into firm material, and be performed at intervals such that
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no loose soil is left beneath the fill.  An equipment width bench should be
made at least every 5 vertical feet.

4. Our observation of rock outcrop and our experience in the area has shown
that isolated areas of moderately or slightly weathered rock that is difficult to
trench with conventional trenching equipment may be encountered in some
portions of the site during grading or trenching.  Pre-ripping, blasting, or
splitting may be required in these isolated areas.

5.1.6 Erosion Control

Graded portions of the site should be seeded as soon as possible following
grading to allow vegetation to become established prior to the rainy season. The
following erosion control measures should be implemented for cut and fill slopes to
reduce erosion.

1. Slopes should be hydroseeded or hand seeded/strawed with an appropriate
seed mixture compatible with the soil and climate conditions of the site as
recommended by the local Resource Conservation District office.

2. Following seeding, jute netting should be placed and secured over the slopes
to keep seeds and straw from being washed or blown away.  Tackifiers or
binding agents may be used in lieu of jute netting.  Surface water drainage
ditches should be established at the top of all graded slopes to intercept and
redirect surface water away from the slope face.  

3. Under no circumstances should surface water be allowed to run over slope
faces. The intercepted water should be discharged into natural drainage
courses or into the on site storm water drainage system.

5.1.7 Subsurface Drainage

If grading is performed during or immediately following the rainy season, seepage
may be encountered, particularly in the low-lying portions of the New Brunswick
and Idaho-Maryland sites.  If groundwater or saturated soil conditions are
encountered during grading, we anticipate that dewatering may be possible by
gravity or by installation of sump pumps in the excavation.  Control of subsurface
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seepage at the base of fill areas can typically be accomplished by placement of an
area drain or a strip drain.  Underlying, saturated soil is typically removed and
replaced with free draining, granular drain rock enveloped in geotextile fabric.  Fill
soil can be placed after placing the granular rock to an elevation that is higher than
the encountered groundwater.  Rock drains typically consist of open graded rock
enveloped in a non-woven geotextile filter fabric such as Amoco 4546™ or
equivalent.  Drains should have a minimum 4-inch diameter, perforated, schedule
40, PVC pipe placed at the low point of the drain, inside the drainrock, with the
perforations placed down.  The PVC pipe should be sloped so that water is
directed away from the fill placement area by gravity.  Site specific subsurface
drainage recommendations can be provided as part of a design-level geotechnical
report.

5.1.8 Surface Water Drainage

Proper surface water drainage is important to the successful development of the
project.  We recommend the following measures to help mitigate surface water
drainage problems:

1. Slope final grade in structural areas so that surface water drains away from
buildings at a minimum 2 percent slope for a minimum distance of 10 feet.

2. Compact and slope all soil placed adjacent to building foundations such that
water is not allowed to pond or infiltrate.  Backfill should be free of deleterious
material.

3. Direct downspouts to a closed collector pipe which discharges flow to positive
drainage.

5.1.9 Construction Monitoring

Construction monitoring includes review of plans and specifications and
observation of onsite activities during construction as described below.

1. We should be allowed to review the final grading plans prior to construction to
determine whether recommendations presented in the design-level
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geotechnical report have been implemented, and if necessary, to provide
additional and/or modified recommendations.

2. We should be allowed to perform construction monitoring of earthwork grading
performed by the contractor to determine whether our recommendations have
been implemented, and if necessary, provide additional and/or modified
recommendations.

5.2 FOUNDATION SYSTEMS

Our preliminary opinion is that shallow spread footings are suitable for support of
structures across much of the subject site.   Footings should be founded on native,
undisturbed soil/rock or compacted, tested fill.  Foundation design criteria and
construction recommendations are typically provided as part of a design-level
geotechnical engineering report.  

If adverse subsurface conditions such as loose fill or expansive soil are
encountered, such as the deeper fill documented in the eastern side of the Idaho-
Maryland site, a deep foundation or removal and replacement of the fill may be
required.  Based on the larger material encountered by others in the deep fill, we
do not anticipate that drilled piers would be appropriate at that particular location.
We understand that improvement of this area is not currently proposed.

Footings should be deepened through expansive clay soil, if encountered at the
base of the footing excavations.  Expansive clay soil is occasionally encountered in
relatively thin layers above the weathered rock in this area.

6 LIMITATIONS

The following limitations apply to the findings, conclusions and recommendations
presented in this report:

1. Our professional services were performed consistent with the generally
accepted geotechnical engineering principles and practices employed in
northern California. This warranty is in lieu of all other warranties, either
expressed or implied.
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2. These services were performed consistent with our agreement with our client.
We are not responsible for the impacts of any changes in environmental
standards, practices or regulations subsequent to performance of our
services.  We do not warrant the accuracy of information supplied by others,
or the use of segregated portions of this report.  This report is solely for the
use of our client.  Any reliance on this report by a third party is at the risk of
that party.

3. If changes are made to the nature or design of the project as described in this
report, then the conclusions and recommendations presented in this report
should be considered invalid by all parties.  Only our firm can determine the
validity of the conclusions and recommendations presented in this report.
Therefore, we should be allowed to review all project changes and prepare
written responses with regards to their impacts on our conclusions and
recommendations.  Subsurface investigation and laboratory testing will be
required to develop design-level recommendations.

4. The analyses, conclusions and recommendations presented in this report are
preliminary, based on site conditions as they existed at the time we
performed our surface observations.  The subsurface conditions should be
confirmed by a design-level geotechnical investigation prior to construction.

5. Our scope of services did not include evaluating the project site for the
presence of hazardous materials.  Waste rock associated with historic mining
has the potential to contain elevated metals concentrations which may pose a
hazard to human health and water quality.  Although we did not identify
hazardous materials at the time of our field investigation, we understand that
petroleum products have been released at the subject site.  Project personnel
should be careful and take the necessary precautions should hazardous
materials be encountered during construction.

6. The findings of this report are valid as of the present date.  Changes in the
conditions of the property can occur with the passage of time.  The changes
may be due to natural processes or to the works of man, on the project site or
adjacent properties.  In addition, changes in applicable or appropriate
standards can occur, whether they result from legislation or the broadening of
knowledge.  Therefore, the recommendations presented in this report should
not be relied upon after a period of two years from the issue date without our
review.
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1. INTRODUCTION 

ENGEO Incorporated prepared this geotechnical report for design of surface facilities and 
improvements at the Idaho-Maryland Mine (IMM) in Grass Valley, California. This report 
contains geotechnical recommendations for design of various structures and roadway 
improvements and discussion of stability of the existing berm at the site. 

For our use we received the following: 

1. Idaho-Maryland Mining Corporation, "Request For Proposal," dated January 10, 2007, 
Received via mail. 

2. Email from Jim Wood of Idaho-Maryland Mining Corporation, "IMMC RFP Addendum," 
dated January 12, 2007. 

3. Idaho-Maryland Mining Corporation, Site Plan, Gl-06-001, Prepared by Idaho-Maryland 
Mining Corporation, dated December 21, 2006, Received via email. 

4. Idaho-Maryland Mining Corporation, Site Geology Map, 02-06-002, Prepared by Idaho­
Maryland Mining Corporation, dated December 21, 2006, Received via email 

~ 5. Idaho-Maryland Mining Corporation, Suggested Sample Locations and Methods, 03-06-003, 
Prepared by Idaho-Maryland Mining Corporation, dated January 2, 2007, Received via email. 

6. Holdredge & Kull, "Preliminary Geotechnical Engineering Report for Idaho-Maryland 
Mining Corporation Property" Nevada County, California, dated October 25, 2004. 

1.1 SCOPE OF SERVICES 

ENGEO prepared this report as outlined in our agreement dated January 16, 2007. The Idaho­
Maryland Mining Corporation (IMMC) authorized ENGEO to conduct the scope of services, 
which included the following: 

• Service Plan Development 
• Subsurface Field Exploration 
• Soil Laboratory Testing 
• Engineering Analysis and Conclusions 
• Report Preparation. 
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1.2 PROJECT LOCATION 

Figure 1 displays a Site Vicinity Map. The site is located on the Idaho-Maryland Mine site south 
of Idaho Maryland Road and north of East Bennett Road in the City of Grass Valley, California. 
The site is accessed from the northeast near the intersection of Centennial Road and Whispering 
Pines Lane, from the northwest along a gated drive off of Idaho-Maryland Road, and from the 
southeast at two points of entry off of East Bennett Road. 

Figure 2 shows site boundaries, proposed building and pavement areas, and our exploratory 
locations. The northern boundary of the site is bounded by Idaho-Maryland Road. Centennial 
Road and Whispering Pines Lane border the site to the northeast, and East Bennett Road lies 
along portions to the southeast. The property is surrounded by undeveloped land on the south, 
southwest, and east. Mixed use commercial properties are located along the north, northwest and 
northeast. A pond is located immediately northeast of the property and an existing office building 
and other businesses are located along the northern side of the project, across Idaho-Maryland 
Road. 

1.3 PROJECT DESCRIPTION 

Based on our discussions with representatives of the Idaho-Maryland Mining Corporation 
(!MMC) and review of References l through 5, we understand that site improvements will 

~ include construction of several pre-fabricated steel buildings with concrete slab-on-grade floors, 
storage areas, paved roadways and parking areas, underground utilities, a settling pond and a 
detention pond. The proposed improvements are shown on Figure 3. In addition, we itemize the 
improvements in Table A. 

We understand that most of the proposed structures will be one-story with some two-story 
buildings, however building loads are not available at this time. The equipment in the buildings, 
including crushing, grinding, and processing equipment, is to be structurally isolated from the 
building. The Substation will be primarily a fenced-in gravel yard with some concrete pads for 
transformers and equipment panels. 

Centennial Road will be constructed immediately west of the existing berm along the 
northeastern boundary of the site; it will be a two-lane paved roadway. The extension of 
Centennial Drive will require extension of the existing culvert where it will pass beneath the new 
road, as well as construction of a headwall and wingwalls at the outlet. 

Based on review of the topographic data and improvement plans provided by IMMC, it appears 
that earthwork cuts and fills will range between approximately 15 and 30 feet, respectively. 
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1.4 SITE HISTORY 

The Idaho-Maryland Mine was reportedly in operation from approximately 1851 through 1956. 
The project site was previously occupied by facilities used to process the ore from the mine and 
from other mines in the area. The berms in the north and eastern portions of the sites were used 
as tailings dams and were constructed sometime during mine operations. The pond on the east 
side of the eastern berm appears to have been historically used as a tailings pond. Much of the 
project site is covered with tailings from the operations at the site. 

A lumber mill was previously located in the southeastern portion of the site, as shown on 
Figure 3. An existing lumber mill is located in the northeastern portion of the site, as shown on 
Figure 3. No buildings remain on site from the former mining or milling activities. 

2. FINDINGS 

We visited the site on January 23 and January 29 through February 2, 2007 to perform our site 
exploration. Section 2 presents descriptions of surface and subsurface conditions observed 
during our exploration. 

2.1 SEISMICITY 

r'\, The site is not located within a currently designated Alquist-Priolo Earthquake Fault Zone and no 
known surface expression of active faults is believed to exist within the site. Fault rupture 
through the site, therefore, is not anticipated. 

The site does lie within a seismically active region. According to the Fault Activity Map of 
California and Adjacent Areas (Jennings 1994) and The Simplified Fault Activity map of 
California (Jennings and Saucedo 1999, revised 2002) the site lies within the Foothills Fault 
System. The Foothills Fault System has been assigned a moment magnitude of 6.5. The nearest 
mapped active portion of the Foothill Fault System is approximately 20 miles northwest of the 
site on a segment of the Bear Mountain Fault. The nearest mapped potentially active segments of 
faults in the Foothill Fault System are approximately 5 mile south, 8 miles east, and 7 mile 
southwest of the site. 

Other active faults in the region include the Mohawk-Honey Lake Fault zone approximately 36 
miles away, considered capable of a moment magnitude of7.3 and the Great Valley Fault system 
approximately 62 miles away capable of a moment magnitude of 6.8. 
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We reviewed the California Geologic survey website "Probabilistic Seismic Hazards Mapping 
Ground Motion Page to determine an estimate of probabilistic ground shaking at the site. Based 
on the depth to bedrock at the site, we utilized a soft rock profile in estimating the site peak 
ground acceleration (PGA). Based on this approach, we developed a design PGA of 0.13g with a 
IO percent probability of being exceeded in 50 years. 

2.2 SITE GEOLOGY 

We present the following information on site geology based on our field reconnaissance, 
subsurface exploration, review of the Geologic Map of the Chico Quadrangle, California 
(1:250,000 scale) by Saucedo and Wagner, 1992, and review of geologic mapping previously 
performed by IMMC representatives. The geologic formations beneath the site appear to be 
Mesozoic and Paleozoic rocks of an ophiolitic melange assemblage; the rock types at the site are 
specifically mapped as andesite pyroclastic rock, ultramafic rock, massive diabase, diorite, and 
gabbroic rock. According to our exploration and geologic data reviewed, the rocks have been 
slightly metamorphosed at low or medium grade. 

Other geologic fonnations mapped in the vicinity of the site include serpentinite associated with the 
Grass Valley Fault system southwest of the site and the Idaho Fault mapped north of the site. 
Northwest trending lineaments of the Grass Valley fault system have been mapped by IMMC 
representatives in the southwest portion of the site. The Grass Valley Fault is not considered 

~ active. 

2.3 SURFACE CONDITIONS 

We observed the following site features during our reconnaissance: 

• The approximately 138 acre site consists of rolling terrain and with surface grades ranging 
from approximately Elevation 2730 feet in the southeast to approximately Elevation 2480 
feet in the northwest (Datum: 0 Feet= Mean Sea Level). Pines, oaks, and Manzanita brush 
covered most of the site. 

• A gravel road extends from the northern portion of the site in the vicinity of Centennial Drive 
through to East Bennett Road. A private buried water line is located within this alignment. 

• Several dirt access roads that meander through the site. 

• Overhead power lines were located along the south side of Idaho-Maryland Road. 

7645.5.001.01 
March 6, 2007 
Reissued May 1, 2007 

Page 4 



ENGEO 
INCORPORATED 

• Concrete pads and foundations, apparently from a former lumber mill, were located in the 
southeastern portion of the site. The concrete within the pads and foundations was weathered 
and deteriorated. 

• The berm located in the vicinity of the proposed southern extent of Centennial Drive was 
approximately 25 feet tall from the western toe to the crest. The crest was approximately 20 
feet wide. A gravel road was built along the crest. 

• Based on our visual obseivations, the berm slopes appeared to be approximately 1¾:1 
(horizontal:vertical) to 2: 1. The bottom approximately two-thirds of the western side of the berm 
was covered with approximately 8- to 12-inch size rock rip-rap. We did not observe any surface 
signs of sloughing or oversteepening of the berm slopes on either the east or west slopes. 

• We observed a pond off of the site on the east side of the berm. 

• A 3 foot diameter concrete box culvert that allowed water through the berm (as shown in plan 
on Figure 5); the water flowed east to west. The inlet was a tower structure approximately 36 
feet high. The tower structure was adaptable through the addition of batter boards; this 
structure appeared to have been constructed to allow for the collection of mine tailings while 
allowing water to flow through the structure. It appeared that approximately 12 feet of batter 
boards were in place and approximately 12 feet of tailings were retained by the berm at the 

~ time of our site visit. We observed that a screen at the top of the tailings level was clogged 
with debris and the clogged screen was impounding 2 feet of water in the pond at the inlet. A 
small amount of water was observed flowing through the culvert at the time of our visit. The 
culvert discharged to a small creek on the west side of the berm. Figure 6 shows a cross 
section of the berm and culvert for reference. 

• An additional berm located in the northwestern portion of the site was approximately 20 feet 
tall from the northern toe to the crest and approximately 17 feet tall from the southern toe to 
the crest. The crest was approximately 25 feet wide and narrowed to the east. Based on our 
visual observations, the berm slopes were approximately 1 ¾: 1 (horizontal:vertical) to 2: I. 

• We observed a small pond on site on the south side of the berm. 

• A 3 foot diameter concrete box culvert allowed water through the berm, the water flowed 
south to north. The inlet was a tower structure similar to that describe above for the berm 
located in the vicinity of Centem1ial Drive. It appeared that approximately 4 feet of batter 
boards were in place and approximately 2½ feet of tailings were retained by the berm in the 
vicinity of this tower structure at the time of our site visit. The culvert discharged to a small 
creek on the north side of the berm. 
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Please refer to the Site Plan, Figure 2, for more information on site features. 

2.4 SUBSURFACE CONDITIONS 

We observed drilling of 19 borings at the site; the borings ranged in depth between 
approximately 10 and 50 feet at the locations shown on the Site Plan, Figure 2. We also 
observed excavation of 11 test pits at the site; the test pits ranged in depth from approximately 
5½ to 13½ feet. Additionally, a total of 27 previous explorations were performed on the site by 
IMMC personnel. We included the general findings of these explorations in developing our 
recommendations. 

For the explorations completed for this study, we summarize the exploration locations, the type 
of exploration, thickness of existing fill, depth to bedrock, and the depth of exploration in the 
table below: 

Exploration 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
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TABLE 1 
S f S b ru E I ummaryo u su ace xporatlon 

Exploration 
Approximate Approximate 
Fill Thickness Depth to Bedrock 

Type 
(feet) (feet) 

Boring 2½ 10 
Test Pit 7½ 9 
Test Pit 3½ 4½ 
Boring 6 6 
Boring 0 10 
Boring 0 5 
Boring 0 10 
Boring 10 10 
Boring 10 15 
Boring 30 30 
Test Pit 2½ 2½ 
Boring 15 15 
Test Pit I 1 
Test Pit 1 1 
Test Pit 1½ l½ 
Test Pit 3½ 3½ 
Test Pit 1½ 2½ 
Test Pit 3½ 3½ 

Exploration 
Depth (feet) 

10½ 
13½ 
11 

20½ 
11½ 
10 

10½ 
15½ 
15½ 
30½ 
10 

20½ 
5½ 
6½ 
5½ 
10 
10 
10 
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TABLE 1 (continued) 
Summary of Subsurface Exploration 

Exploration Exploration 
Approximate Approximate 

Exploration 
Fill Thickness Depth to Bedrock 

No. Type 
(feet) (feet) 

Depth (feet) 

19 Test Pit 6 6 11½ 
20 Boring 20 35½ 36 
21 Test Pit 4½ 4½ 11 
22 Boring 25 39 50½ 
23 Boring 30½ 30½ 50½ 
24 Boring 3½ 3½ 21 
25 Boring l½ l½ 10½ 
26 Boring 4 4 20½ 
27 Boring 1 1 6½ 
28 Boring 10½ 10½ 20½ 
29 Boring 0 10 15½ 
30 Boring 10½ 10½ 40½ 

BERM EXPLORATIONS 

~ We observed two borings, B20 and 822, along the crest of the existing berm on the eastern 
boundary of the site. Our borings encountered approximately 23 to 26 feet of fill over native soil 
over meta-andesite bedrock. The materials encountered in our borings are described as follows: 

Fill: Both borings encountered approximately 2½ to 3 feet of medium dense sandy gravel 
underlain by approximately 10 to 12 feet of fine to medium grained silty sand and 
gravelly sand; the sand varied in consistency from very loose to medium dense. Below 
the sandy fill, we encountered layers of hard silty clay, hard clayey silt and very dense 
silty sand. This fill material is possibly soil generated from the historic mining or gold 
production at the site, though it could have been generated from existing surficial soil 
across the project site. The variability of material consistency indicates that compactive 
effort likely varied during the placement of the soil. 

Native Soil: Below the embankment fill, we encountered native soil consisting of gray 
and bluish gray deposits of very stiff silty and sandy clay, and very dense silty sand. 

Bedrock: The bedrock consists of meta-andesite rock. The rock encountered in our 
borings was generally weak and deeply weathered. 
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HISTORIC LUMBER MILL SITE EXPLORATIONS 

We observed seven borings (823, 824, B25, 826, 827, 828, and 830) in the vicinity of the 
historic lumber mill in the southeastern comer of the site. These borings generally encountered 
fill over meta-andesite bedrock. The fill thickness and composition varied dramatically. The fill 
consisted of mine tailings (soil) interlayered with lumber mill waste, and ranged in thickness 
from I to 30 feet, as shown on Figure 2. The mine tailings encountered were primarily granular 
consisting of silt and sand with occasional layers of clay. The lumber mill waste encountered 
ranged in consistency from bark sized chips of wood to layers of sawdust sized waste. The rock 
encountered in our borings was generally weak and deeply weathered. 

REMAINDER OF SITE 

Within the remainder of the site, we performed explorations that included 11 test pits and 10 
borings. Our explorations typically encountered fill over weathered bedrock. The fill generally 
consisted of mine tailings, which ranged in thickness from I to IS feet. Figure 2 shows the depth 
of fill encountered at each exploration location. The mine tailings encountered were primarily 
granular consisting of silt and sand with occasional gravel and clay. The bedrock in this portion 
of the site consisted primarily of gabbro and diabase. In general, the gabbro was weak and highly 
weathered while the diabase was generally strong and moderately weathered. 

~ Boring BI 0, drilled through an existing berm near the north portion of the site, encountered 
approximately 30 feet of loose to medium dense tailings fill. No fill was encountered in 
Boring 829. 

Consult the Site Plan and boring logs for specific soil, rock, and groundwater conditions at each 
location. Figure 2 shows the approximate limits of fill and shows the thickness of fill 
encountered at each exploration location. We include our boring logs in Appendix A. The logs 
contain the soil/rock type, color, consistency, and visual classification in general accordance with 
the Unified Soil Classification System. Appendix A also provides additional exploratory 
information in the general notes to the logs. The logs of previous explorations performed by 
IMMC are attached as Appendix C. 

2.5 GROUNDWATER CONDITIONS 

We observed groundwater at the bottom of Boring 822. Since the boring was terminated 
approximately 11 feet into weathered bedrock, this water may be perched water that has become 
trapped within the rock fonnation. Perched groundwater was encountered in Test Pits TP2 and 
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TPl 8 at depths of 9 and 3½ feet, respectively. Groundwater was not encountered in any of the 
other explorations. 

Fluctuations in the level of groundwater may occur due to variations in rainfall and other factors 
not evident at the time measurements were made. 

2.6 LABO RA TORY TESTING 

For this project, we performed moisture content, dry density, unconfined compression, plasticity 
index, corrosion, direct shear, R-value, and grain size analysis. Lab test results are included on 
the boring logs and in Appendix B. 

3. SLOPE STABILITY ANALYSES 

To analyze the stability of the berm on the eastern side of the project, we performed limit 
equilibrium slope stability analyses using Bishops Modified Method of slices (Bishop, 1955). 
We used the computer slope stability software Gslope (2002). Gslope is a computer program 
that allows the user to perform two-dimensional limit equilibrium computations utilizing a 
variety of methods and search types. Circular failure surfaces were used with various searches to 
obtain the critical failure surfaces having the lowest factor of safety. 

~ For our analyses, we modeled soil strengths based on boring log data, blow counts, visual soil 
descriptions, results of our laboratory testing and our previous experience with the soil in the 
project area. 

We performed slope stability analyses on the berm to evaluate the stability of the existing 
configuration and to determine if any modifications are necessary. We prepared a cross-section 
at each of our boring locations as shown on Figure 5. We assumed that the embankment 
impounds 2 feet of water based on our observations in the field and discussions with IMMC 
personnel regarding future use of the adjacent parcel. We also assumed that the upper 12 feet of 
material on the east side of the berm consists of tailings and that the original berm continues 
below the tailings at a constant slope down to the elevation of the native soil encountered in our 
borings. This assumption is based on our field observations and information provided by IMMC 
personnel regarding the drainage tower and culvert detailed in Figure 6 and discussed in 
Section 2.5. 

We evaluated the long-term stability of the selected cross-section under static conditions. 
Additionally, we modeled the stability of the cross-section during seismic loading utilizing a 
pseudo-static analysis. For the pseudo-static coefficient, we utilized a value of one-half the PGA 
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discussed in Section 2.2.2, per the recommendations of Hynes-Griffin and Franklin ( 1984 ). We 
only analyzed stability of the western side of the embankment as the eastern side will be made 
more stable by the tailings. 

The following criteria were used to evaluate the stability of the dam embankment: 

TABLE2 
SI St bTt C. ope a 1 Hy ntena 

Loading Condition Minimum Factor of Safety 
Long-Term, Static Stability 1.5 
Pseudo-Seismic Stability 1.1 

Figures 6 through 10 show the results of these analyses. Our analyses resulted in factors of safety 
meeting or exceeding the slope stability criteria above. 

4. CONCLUSIONS 

From a geotechnical engineering viewpoint, in our opinion, the site is suitable for the proposed 
development. The primary geotechnical concerns that could affect development on the site are 
the existing fills, expansive soil, shallow bedrock, differential fill thickness, and future 
operations of the culvert tower structure. We summarize our conclusions below. 

4.1 NON-ENGINEERED FILL 

As discussed in Section 2, much of the site is covered with existing fill that we consider to be 
"non-engineered." This fill consists of mine tailings, lumber mill waste and fill placed as part of 
previous site use. Non-engineered fills can undergo excessive settlement, especially under new 
fill or building loads. The existing berms on the site, previously discussed, should be considered 
non-engineered fill and are not suitable for retention of water and could be subject to significant 
settlements if loads from structures or earthwork are added to them. 

A proven method to reduce damage from potential fill settlement is to remove all non-engineered 
fills and construct all improvements on competent native soil or properly engineered fill. The 
majority of the fill that we observed during our exploration can be reused as engineered fill for 
this project. Soil meeting the requirements of Section 5.3 may be reused as engineered fill. Fill 
should be placed in accordance with the recommendations in sections 5.6 and 5.7. 
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Due to the depth of fill beneath some of the proposed improvements, such as the Truck Shop and 
Core Shed, it may be preferred to leave a portion of the fill in place and construct the 
improvements on top of the fill. To control settlement of structural improvements while leaving 
existing fill in place, it will be necessary to either extend the structural loads below the fill with 
drilled piers or accept some level of differential foundation movement as acceptable. 

It may be feasible to surcharge fill in building areas to reduce total settlement from future 
building loads. Surcharging, if performed to appropriate pressures, can be an effective means of 
nearly eliminating differential settlement. However, the feasibility of surcharging is highly 
dependant on the thickness of fill and the proposed building loads. Once building loads have 
been developed, we can evaluate the suitability of this approach and provide supplemental 
recommendations as appropriate. 

In pavement areas it may be practical to mechanically compact the fill in order to prepare a non­
yielding subgrade. However, depending on the actual thickness of tailings, compaction of the 
tailings alone may not be successful in stabilizing the subgrade. We recommend the owner 
establish a contingency fund for subgrade stabilization during construction. Stabilization 
methods that may be effective include: 

• Removal of non-engineered fill down to competent native material, and recompaction of 
excavated material in lifts; 

• Removal of non-engineered fill to competent native material and compaction of imported fill; 

• Removal of a portion of unstable subgrade and stabilization with geogrid reinforcement and 
compacted aggregate base; or 

• Chemical treatment of the upper 18 inches of subgrade with lime or cement. 

4.2 EXPANSIVE SOIL 

We observed potentially expansive clay layers within the tailings encountered on the site. In 
general, our laboratory testing indicates that these soils exhibit low to moderate shrink/swell 
potential with variations in moisture content. We encountered moderately to highly expansive 
clay layers in Test Pits TP3, TP15, TP18 and TP19, however we anticipate that limited amounts 
of highly expansive clay may be encountered in other areas of the site. Expansive soil can cause 
distress to foundations, floor slabs, pavements, sidewalks, and other improvements which are 
sensitive to soil movements. 
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Due to the limited amount of potentially expansive clay encountered in our explorations, we 
anticipate that these clays will not significantly affect the design of the proposed improvements. 
We recommend that any clay encountered during grading be buried in deeper fills or blended to 
reduce the expansion potential such that the resulting Plasticity Index is less than 15. 
Concentrations of clay should not be placed in the upper 1 ½ feet of building pads. 

4.3 SHALLOW BEDROCK 

Cuts for the proposed improvements will encounter shallow bedrock in certain areas. Our 
explorations encountered bedrock as shallow as 1 foot below existing grade. To improve 
subsurface drainage and facilitate shallow excavations, we recommend that any undisturbed 
native material within 1 ½ feet of building pad subgrade be overexcavated, processed to remove 
any oversize material, and recompacted. We should review site grading plans once completed to 
determine which building pads will require overexcavation and recompaction. 

Note that some potentially hard bedrock may be encountered to the depth of the proposed cuts. 

4.4 DIFFERENTIAL FILL THICKNESS 

Differential building movements may result from conditions where building pads have 
significant differentials in fill thickness. We recommend that the differential fill thickness across 
any structure be no greater than 10 feet. See section 5.4 for specific recommendations. 

4.5 SOIL CORROSION POTENTIAL 

We submitted 15 soil samples to an analytical lab for determination of pH, resistivity, sulfate, 
and chloride. We summarize the results below: 

TABLE3 
S fC T tR ummaryo orros1on es esu ts 

Exploration Depth of 
No. Sample (ft) 

TP-3 5 
TP-18 l½ 
B-24 3½ 
B-25 0 

7645.5.001.01 
March 6, 2007 
Reissued May I, 2007 

Soil pH 

7.53 
8.15 
6.16 
5.6 

Corrosion Test 

Minimum 
Resistivity Chloride 
(ohm-cm (ppm) 
xlO00) 

0.83 5.9 
5.9 14.2 

2.95 11.3 
5.36 16.1 

Sulfate 
(ppm) 

113.4 
30.4 
12.6 
0.8 
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TABLE 3 (continued) 
ummaryo orros1on est S fC . T R esu ts 

Corrosion Test 

Exploration Depth of Minimum 
No. Sample (ft) Soil pH 

Resistivity Chloride Sulfate 
(ohm-cm (ppm) (ppm) 
xlO00) 

B-27 0 6.09 5.90 9.6 4.5 
B-28 6½ 7.77 3.22 12.6 5.5 
B-29 3 7.28 4.29 7.6 1.6 
B-12 10 6.96 2.95 4.2 42.2 
B-5 3 7.62 2.68 4.6 32.9 
B-8 3 7.02 0.88 8.5 206.2 
B-28 2 6.54 3.48 6.3 5.7 
B-9 6 6.93 2.95 8.2 69 

B-22 10½ 6.77 6.97 12.2 5.9 
B-20 1½ 8.05 4.56 8.1 25.9 
B-30 1 7.26 3.48 8.4 27.7 

pH and Minimum Resistivity CA DOT Test #643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 

The sulfate lab test results indicate the sulfate exposure may be categorized as "Negligible" in 
accordance with Table 19-A-4 of the California Building Code. For "Negligible" sulfate 
exposure, the CBC indicates that either Type I or Type II Portland Cement may be used for 
concrete mix designs. 

ASTM STP 1013 (Escalante 1989) suggests the following relationship between soil resistivity 
and soil corrosivity: 

TABLE4 
·1 R ' . Re ationship between S01 es1st1vity an d ·1 C S01 orros1v1ty 

7645.5.001.01 
March 6, 2007 
Reissued May 1, 2007 

Soil Resistivity 
ohm-cm 
0 to 900 

900 to 2,300 
2,300 to 5,000 

5,000 to 10,000 
> 10,000 

Classification of 
Soil Corrosiveness 

Very Severely Corrosive 
Severely Corrosive 

Moderately Corrosive 
Mildly Corrosive 

Very Mildly Corrosive 
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The resistivity results in Table 3 suggest that the samples tested range from very severely 
corrosive to mildly corrosive. Samples TP3 @ 5 feet and B8 @ 3 feet had low resistivities, 
indicating that they are very severely corrosive to buried metal. 

If desired to investigate this further, we recommend a corrosion consultant be retained to 
determine if specific corrosion recommendations are necessary for the project. The analytical lab 
test results are included in Appendix B. 

4.6 EXCA VAT ABILITY 

We used a Cat 320C with 24 inch bucket during our exploratory work. Based upon our 
observation and experience, we provide the following conclusions regarding excavation 
resistance at the site: 

1. Conventional grading and backhoe equipment will likely be able to excavate the fill and 
native soil deposits. 

2. The upper 5 feet of the andesite and gabbro bedrock is typically weathered to a degree that it 
appears excavatable with larger equipment, such as a Cat 235 or larger excavator. 

3. Cuts and excavations more than 5 feet into the andesite and gabbro or into the diabase 
~ bedrock will likely require significant effort with a CAT D9 or larger bulldozer, equipped 

with a single tooth ripper. A CAT 235 or larger excavator will likely be necessary to 
facilitate economical trench excavations with significant effort. An air spade or blasting may 
be required where large boulders or resistant bedrock are encountered. 

Figure 4 can be used to determine which geologic formation to expect in various portions of the 
site. We provide the above excavatability information for general planning purposes only. This 
information is not intended for bidding purposes. 

4.7 STATIC AND PERCHED GROUNDWATER 

It does not appear that the static groundwater level beneath the site will affect the proposed 
development. However, perched water can: 

1. Impede grading activities; 

2. Cause moisture damage to sensitive floor coverings; 
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3. Transmit moisture vapor through slabs causing excessive mold/mildew build-up, fogging of 
windows, and damage to computers and other sensitive equipment; and, 

4. Cause premature pavement failure if hydrostatic pressures build up beneath the section. 

We provide recommendations to reduce the effects of perched water in the sections addressing 
Over Optimum Soil Conditions, Site Drainage, Slab Moisture Vapor Reduction, and Cut-off 
Curbs. 

4.8 FUTURE CULVERT STRUCTURE OPERATIONS 

We recommend that the culvert inlet tower be modified so that batter boards cannot be added to 
allow the existing structure to retain water and the screen cleaned so the existing water retained 
by the berm is allowed to drain. If the batter boards are raised in the culvert tower the pond will 
store more water and the berm will act as a dam. If the berm were to act as a dam, it could 
potentially fall under the jurisdiction of the State of California Division of Safety of Dams and a 
more rigorous set of evaluation criteria would be required to assess the berm stability. We 
assumed the future culvert operations being the same as current in our berm stability evaluation. 

4.9 2001 CBC SEISMIC DESIGN PARAMETERS 

To provide California Building Code (CBC) seismic design parameters, we reviewed the 2001 
CBC and the February 1998 California Divisions of Mines and Geology "Maps of Known Active 
Fault Near-Source Zones in California and Adjacent Portions of Nevada". Note, the 1997 
Uniform Building Code (UBC) was adopted as the 2001 CBC, so UBC design parameters are 
identical to CBC parameters. Additionally, we reviewed the 2003 International Building Code 
(IBC) to provide IBC seismic parameters. 

Based on our review, we provide the 200 I California Building Code (CBC) and 2003 IBC 
seismic parameters in Table 5 below. Note that these parameters apply to the entire site. 

TABLE 5 
200 I CBC and 2003 IBC Seismic Parameters 

Categorization 

Soil Profile 
Seismic Zone 

Seismic Zone Factor, Z 
Seismic Coefficient Ca 
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CBC Design 
Value 

Sc 
3 

0.3 
0.33 

IBC Design 
Value 

C 
NIA 
NIA 
NIA 
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TABLE 5 ( continued) 
2001 CBC and 2003 IBC Seismic Parameters 

Categorization 

Seismic Coefficient Cv 
0.2 second Spectral Response Acceleration, Ss 
1.0 second Spectral Response Acceleration, S1 

Site Coefficient, Fa 
Site Coefficient, Fv 

Maximum considered earthquake spectral response 
accelerations for short periods, SMs 

Maximum considered earthquake spectral response 
accelerations for I -second periods, SM 1 

Design soectral response acceleration at short periods, Sos 
Design spectral response acceleration at I-second periods, SDI 

5. EARTHWORK RECOMMENDATIONS 

5.1 GENERAL SITE CLEARING 

CBC Design 
Value 

0.45 
NIA 
NIA 
NIA 
NIA 

NIA 

NIA 

NIA 
NIA 
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IBC Design 
Value 

NIA 
0.55 
0.2 
1.2 
1.6 

0.66 

0.32 

0.44 
0.21 

~ Clear the areas to be developed of all surface and subsurface deleterious materials including 
existing building foundations, slabs, buried utility and irrigation lines, pavements, debris, and 
designated trees, shrubs, and associated roots. Clean and backfill excavations extending below 
the planned finished site grades with suitable material compacted to the recommendations 
presented in Section 5.4. ENGEO should be retained to observe and test all backfilling. 

Following clearing, strip the site to remove surface organic materials. Strip organics from the 
ground surface to a depth of at least 2 to 3 inches below the surface. Remove strippings from the 
site or use them in landscape fill. It may also be feasible to mulch organics in place, depending 
on the amount and type of vegetation present at the time of grading as well as the proposed 
mulching method. If desired, ENGEO will evaluate site vegetation at the time of grading to 
determine the feasibility of mulching organics in place. 

5.2 CUT PADS AND CUT/FILL PAD TRANSITIONS 

Building pads constructed in cuts may encounter variable subsurface conditions, including 
potentially hard rock. Building pads that transition from cut to fill within the building pad area 
also can experience differential soil movements. 
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We recommend such building pads be reconstructed to create uniform subgrade conditions. This 
can be accomplished by subexcavating the soil on the building pads to a minimum depth of 
1 ½ feet below finished pad grade on all cut lots or lots constructed over cut-and-fill transitions 
and replacing the subexcavated material with uniformly-mixed compacted fill. The 
subexcavation should be performed over the entire flat pad area. Compacted fill used to replace 
subexcavated soil should be placed in accordance with Section 5.8. 

5.3 DIFFERENTIAL FILL THICKNESS 

Differential building movements may result from conditions where building pads have 
significant differentials in fill thickness. To limit potential foundation differential settlements to 
those stated in Section 6.2, we recommend that the differential fill thickness across any structure 
be no greater than 10 feet. 

Based on the proposed pad elevation, it appears that only the Ceramics Plant structure is affected 
by this recommendation. On the Ceramics Plant, the fill extends to approximately 15 feet thick 
at the northeastern corner. Over an approximately 25,500 square foot area, extending 
approximately 195 feet from the northeastern corner of the building, the fill transitions from a 
maximum thickness of 15 feet to cut. Rather than overexcavate the remainder of this large 
building pad to a depth of 5 feet to comply with the above recommendation, we recommend that 
a limited area be overexcavated to provide a transition zone. We recommend that a zone 
approximately 100 feet wide beyond the cut-fill line be overexcavated to limit the fill differential 
to a maximum of 10 feet. This will result in a more gradual transition from the deeper fill area 
to the cut portion of the pad. 

5.4 NON ENGINEERED FILL REMOVAL 

If the owner chooses the foundation option that requires removal of existing fill from building 
areas, remove all existing fill down to competent native material, as determined by ENGEO. 
Figure 2 displays the approximate lateral extent of existing fill at the site and the depth of fill 
encountered at the exploration locations. The lateral extent and depth of fill is expected to vary. 
Consult the boring and test pit logs in Appendix B for subsurface conditions at specific locations. 

In parking areas that are underlain by relatively thick existing fill, it may be impractical to 
completely remove all the existing fill. If increased post-construction pavement maintenance and 
cracking is acceptable to the owner, then we recommend that only 2 feet of the existing fill be 
overexcavated and recompacted. 
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5.5 EXPANSIVE SOIL MITIGATION 

If the owner chooses to perform recompaction of the existing fills on the site, we recommend that 
any clay encountered during grading be buried in deeper fills or blended to reduce the expansion 
potential such that the resulting Plasticity Index is less than 15. Concentrations of clay should 
not be placed in the upper 1 ½ feet of building pads extending at least 10 feet laterally beyond 
building areas. 

5.6 OVER-OPTIMUM SOIL MOISTURE CONDITIONS 

The contractor should anticipate encountering excessively over-optimum (wet) soil moisture 
conditions during winter or spring grading, or during or following periods of rain. In addition, 
wet soil conditions may be found in the area of the culvert discharge. Wet soil can make proper 
compaction difficult or impossible. Wet soil conditions can be mitigated by: 

1. Frequent spreading and mixing during warm dry weather; 
2. Mixing with drier materials; 
3. Mixing with a lime, lime-flyash, or cement product; or 
4. Stabilizing with aggregate, geotextile stabilization fabric, or both. 

Options 3 and 4 should be evaluated and approved by ENGEO prior to implementation. 

5.7 ACCEPTABLE FILL 

On-site soil and rock material, including the existing fill, is suitable for use as engineered fill 
material provided it is processed to remove concentrations of organic material, debris, and 
particles greater than 8 inches in maximum dimension. Concentrations of clay should not be 
placed in the upper 1 ½ feet of building pads. Any lumber mill waste should not be reused as 
structural fill on the site, but could be buried in landscape areas. 

Imported fill materials should meet the above requirements and have a plasticity index less 
than 15. Allow ENGEO to sample and test proposed imported fill materials at least 72 hours 
prior to delivery to the site. 

IMMC further requires that all fill and backfill meet the following corrosion requirements: 
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Resistivity: 
pH: 
Chlorides: 
Sulfates: 

1,000 ohm-cm (minimum) 
4.5 to 9.5 
200 ppm (maximum) 
1,000 ppm (maximum) 
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5.8 COMPACTION 

The relative compaction and optimum moisture content of soil, rock, and aggregate base referred 
to in this report are based on the most recent ASTM D1557 test method. Compacted soil is not 
acceptable if it is unstable. It should exhibit only minimal flexing or pumping, as determined by 
an ENGEO representative. 

As used in this report, the term "moisture condition" refers to adjusting the moisture content of 
the soil by either drying if too wet or adding water if too dry. 

We define "structural areas" as any area sensitive to settlement of soil. These areas include, but 
are not limited to building pads, equipment pads, foundations, sidewalks, pavement areas, and 
retaining walls. 

Perform subgrade compaction prior to fill placement, following cutting operations, and in areas 
left at grade as follows. 

1. Scarify to a depth of at least 8 inches; 
2. Moisture condition soil to at least 1 percentage point above the optimum moisture content; 

and 
3. Compact the subgrade to at least 90 percent relative compaction. Compact the upper 6-

~ inches of finish pavement subgrade to at least 95 percent relative compaction prior to 
aggregate base placement. 

After the subgrade soil has been compacted, place and compact acceptable fill (defined in 
Section 4) as follows: 

1. Spread fill in loose lifts that do not exceed 8 inches; 
2. Moisture condition lifts to at least 1 percentage point above the optimum moisture content; 

and 
3. Compact fill to a minimum of 90 percent relative compaction; Compact the upper 6 inches of 

fill in pavement areas and all fills placed deeper than 10 feet below finished grade to 
95 percent relative compaction prior to aggregate base placement. 

Compact the pavement Caltrans Class 2 Aggregate Base section to at least 95 percent relative 
compaction (ASTM D1557). Moisture condition aggregate base to or slightly above the 
optimum moisture content prior to compaction. 
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5.9 UNDERGROUND UTILITY BACKFILL 

The contractor is responsible for conducting all trenching and shoring in accordance with 
CALOSHA requirements. Project consultants involved in utility design should specify pipe 
bedding materials. 

Place and compact acceptable trench backfill in structural areas as follows: 

1. Trench backfill shall comply with Section 5.3 and have a maximum particle size of 6 inches; 

2. Moisture condition trench backfill to or slightly above the optimum moisture content. 
Moisture condition backfill outside the trench; 

3. Place fill in loose lifts not exceeding 12 inches; 

4. Compact fill to a minimum of 90 percent relative compaction (ASTM D1557). 

5.10 LANDSCAPE FILL 

Process, place and compact fill in accordance with Sections 5.4 and 5.5, except compact to at 
least 85 percent relative compaction (ASTM D 1557). 

5.11 SLOPES 

5.11.1 Gradients 

Construct final slope gradients to 2: 1 (horizontal:vertical) or flatter. The contractor is 
responsible to construct temporary construction slopes in accordance with CALOSHA 
requirements. 

5.11.2 Fill Placed on Existing Slopes 

We recommend keying and benching where fills are placed on original grade with a gradient of 
6: 1 or steeper. 

Construct a minimum 8wfoot wide key inward from the toe of the new fill slope. Extend the key 
at least 2 feet below original grade into firm competent soil/rock, as determined by ENGEO. 
Slope the key bottom at least 5 percent downward toward the slope crest. Deeper keys may be 
required by ENGEO based on actual soil/rock conditions observed during construction. 
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Cut benches into original grade after the key has been filled and compacted in accordance with 
Section 4. Construct benches into original slope grade as filling proceeds every 2 feet vertically, 
to remove loose soil/rock. Deeper bench depths may be required by ENGEO depending on 
actual conditions observed during construction. Bench widths will vary depending on the 
original slope grade and actual bench depth. 

5.12 SITE DRAINAGE 

5.12.1 Surface Drainage 

The project civil engineer is responsible for designing surface drainage improvements. With 
regard to geotechnical engineering issues, we provide the following minimum recommendation 
for surface drainage. 

1. Slope pavement areas a minimum of 1 percent towards drop inlets or other surface drainage 
devices. 

2. Slope finished grade away from any building exteriors at a minimum of 1 percent for a 
distance of at least 5 feet. 

5.12.2 Subsurface Drainage 

Based on our site exploration and current grading concepts for the site, we do not anticipate that 
subdrainage systems will be necessary. We recommend that we review the site grading plans to 
further evaluate the need for subdrainage systems as well as observe the earthwork operations 
during site grading. 

6. FOUNDATIONS 

6.1 GENERAL APPROACH 

We present several options for foundation support depending on the amount of fill underlying 
each structure and the whether the fill has been processed or not. Based on our past experience, 
where fills are generally less than 5 to 10 feet thick, it is often economical to remove and 
recompact all fills and construct shallow foundations. Where fills are thicker, deeper foundations 
with some limited rework of pad fill for slab support may be more economical than complete 
rework of the fill. In areas where waste fills were encountered, such as the proposed Substation, 
drilled pier foundations with a structural floor slab will be necessary to support any heavy loads 
or facilities that may be sensitive to differential movement. 
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Based on the subsurface conditions we anticipate to exist at each of the proposed structures or 
facilities, we developed our recommended foundation approach. We considered the following 
options: 

• Areas with no existing fill: We recommend the use of conventional shallow footings with a 
slab-on-grade floor slabs. 

• Areas with existing fill: We recommend overexcavation of fills down to native soil and 
recompaction of fill where suitable for reuse as engineered fill (see Section 4.6). If some 
level of differential movement is acceptable for the structure, then only limited 
overexcavation to a depth of 5 feet and recompaction of fill may be a practical alternative. 
This may apply to the Core Shed, Fuel oil Storage, and Truck Shop, for example. 

• Areas with waste fill: We recommend the use of drilled pier foundations to support any heavy 
loads or structures sensitive to differential movement 

Using the above, we summarize the proposed improvements and recommended foundation 
approach in Table A at the end of this report. Table A shows the pertinent information for each 
improvement as well as the relevant exploration numbers, the thickness of fill and depth to 
bedrock. 

~ 6.2 SHALLOWFOUNDATIONS 

We recommend that shallow foundations be considered for buildings that will bear on native soil 
(i.e., no fill is present). For buildings to be constructed over existing fill, shallow foundations 
may be used provided the existing fill is completely removed and recompacted in accordance 
with the Earthwork recommendations of this report. 

Provide minimum footing dimensions as follows: 

Table 6 
M". F o· 1mmum ootmg 11nens1ons 

*Minimum 
Footing Type Depth (in.) 

Continuous 18 
Isolated 18 

*below lowest adjacent pad grade 
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Minimum footing depths shown above are taken from lowest adjacent pad grade. The cold joint 
between the exterior footing and slab-on-grade should be located at least 4 inches above adjacent 
exterior grade. 

Design the foundations recommended above for a maximum allowable bearing pressure of 2,500 
pounds per square foot (pst) for dead plus live loads. Increase this bearing capacity by one-third 
for the short-term effects of wind or seismic loading. 

The maximum allowable bearing pressure is a net value; the weight of the footing may be 
neglected for design purposes. All footings located adjacent to utility trenches should have their 
bearing surfaces below an imaginary 1: 1 (horizontal:vertical) plane projected upward from the 
bottom edge of the trench to the footing. 

Lateral loads may be resisted by friction along the base and by passive pressure along the sides of 
foundations. The passive pressure is based on an equivalent fluid pressure in pounds per cubic 
foot (pcf). We recommend the following allowable values for design: 

Passive Lateral Pressure: 300 pcf 

Coefficient of Friction: 0.35 

~ The above allowable values include a factor of safety of 1.5. Increase the above values by one­
third for the short-term effects of wind or seismic loading. 

Footing settlements under the recommendations above will be dependant on the actual structural 
loads and footings sizes. Although structural loads are not yet known, we estimate that total and 
differential footing settlements will be less than approximately ½ and ¾ inch, respectively, for 
lightly loaded footings, provided the recommendations for building pad preparation and 
foundation design in this report are followed. Once structural loads and preliminary footing 
layouts are known, we recommend that we be retained to estimate the total and differential 
footing settlements to assist the designer in checking tolerable settlements. 

6.3 SPREAD FOOTINGS IN BEDROCK 

Where cuts will encounter bedrock, spread footings may be designed for higher allowable 
bearing pressures. Use the minimum footing dimensions shown in Table 6. We recommend that 
the minimum footing dimensions be designed using a maximum allowable bearing pressure of 
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7,000 pounds per square foot (psf) for dead plus live loads. Increase this bearing capacity by 
one-third for the short-term effects of wind or seismic loading. Footings designed using this 
methodology should bear a minimum of 1 foot into the weathered bedrock. 

The maximum allowable bearing pressure is a net value; the weight of the footing may be 
neglected for design purposes. All footings located adjacent to utility trenches should have their 
bearing surfaces below an imaginary I: I (horizontal:vertical) plane projected upward from the 
bottom edge of the trench to the footing. 

For resistance of lateral loads, we recommend the following allowable values for design: 

Passive Lateral Pressure: 400 pcf 

Coefficient of Friction: 0.40 

Neglect any non-engineered fill from calculations of passive lateral pressures. The above 
allowable values include a factor of safety of 1.5. Increase the above values by one-third for the 
short-term effects of wind or seismic loading 

Footing settlements under the recommendations above will be dependant on the actual structural 
loads and footings sizes. Although structural loads are not yet known, footings bearing on clean, 

~ undisturbed bedrock will experience very little settlement, probably less than ¼ inch. Once 
structural loads and preliminary footing layouts are known, we recommend that we be retained to 
estimate the total and differential footing settlements to assist the designer in checking tolerable 
settlements. We should also review potential differential footing settlements where footings 
transition from bedrock to compacted fill. 

6.4 DRILLED PIER FOUNDATIONS 

Where high uplift loads are present or where fills are left in place, we recommend that drilled 
piers be used to support building loads, isolated equipment. This includes the headframe 
structure at the shaft. Piers should have a minimum diameter of 24 inches and should be at least 
IO feet long and extend a minimum of 5 feet below any fill. Design piers for vertical loading 
based on either an a allowable skin friction below the fill of 1,000 pounds per square foot or an 
allowable end bearing capacity of 8,000 psf. Piers designed for end bearing will require cleaning 
of the pier bottom. Resistance to uplift loads will be developed in friction along the pier shafts. 
We recommend that the values for allowable downward friction be factored by 70 percent for 
uplift resistance. The full embedment length of the pier may be used for uplift. For calculating 
resistance to lateral loading, apply an allowable passive lateral pressure of 300 pcf on the pier. 
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This passive pressure may be applied to a width twice the diameter of the pier provided that a top 
of pier lateral deflection of up to ½ inch is tolerable. Neglect the upper one diameter of the pier 
for estimating lateral resistance 

Drilled pier settlements under the recommendations above will be dependant on the actual 
structural loads and pier dimensions. Allowable skin friction for drilled piers is typically 
mobilized with less than ½- to ¾-inch top of pier deflection. Once structural loads and 
preliminary pier layouts and dimensions are known, we recommend that we be retained to 
estimate the total and differential settlements to assist the designer in checking tolerable 
settlements. 

6.5 STORAGE TANK FOUNDATION 

The proposed 42,000 gallon water storage tank is likely to bear in native soil. We recommend 
the water storage tank be supported on a continuous ring footing bearing in competent native 
soil. We provide minimum footing dimensions as follows to achieve the design bearing capacity. 

Minimum Depth = 24 inches below lowest adjacent soil grade 
Minimum Width = 12 inches 

Design tank ring footings using a maximum allowable bearing pressure of 3,000 pounds per 
~ square foot (psf) for dead plus live loads. Increase this bearing capacity by one-third for the short 

term effects of wind or seismic loading. 

Lateral loads may be resisted by friction along the base of footings and by passive pressure along 
the sides of footings. The passive pressure is based on an equivalent fluid pressure in pounds per 
cubic foot (pct). We recommend the following allowable values for design: 

Passive Lateral Pressure: 300 pcf 

Coefficient of Friction: 0.35 

The above allowable values include a factor of safety of 1.5. These allowable values may be 
increased by one-third for the short term effects of wind or seismic loading. Passive lateral 
pressure should not be used for footings on or above slopes. 

Ring footing settlements under the recommendations above will be dependant on the actual 
structural loads and footings dimensions. Although structural loads are not yet known, we 
estimate that total and differential footing settlements will be less than approximately ½ and 
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¾ inch, respectively. Once structural loads and preliminary footing dimensions are known, we 
recommend that we be retained to estimate the total and differential settlements to assist the 
designer in checking tolerable settlements. 

The tank will experience differential settlement between the footing and center of tank due to the 
weight of the fluid in the tank. We recommend that the approximately 20 foot diameter tank be 
designed to accommodate at least ½ inch of differential settlement between the perimeter and 
center of the tank. We should be retained to review this estimate once the tank diameter and 
height is known. 

To provide more uniform support for the tank bottom, we recommend that a minimum 12-inch 
section of Class 2 aggregate base be placed and compacted beneath the tank bottom. The 
aggregate base should be brought to at least the optimum moisture content and compacted to at 
least 95 percent relative compaction (ASTM D1557). A layer of sand may be placed above the 
aggregate base, directly below the tank bottom, provided that the sand is compacted to 95 percent 
relative compaction. If a sand layer is placed, the contractor should take care to not disturb the 
compacted sand prior to placing the tank so that the sand layer may provide uniform tank 
support. 

6.6 INTERIOR CONCRETE FLOOR SLABS 

~ 6.6.1 Minimum Design Section 

The design of interior concrete floor slabs will be dependant on the use of the floor and whether 
the slab derives support from the soil below or whether it is designed to structurally span 
between foundations. We recommend the following minimum design for non-structural 
slab-on-grade: 

1. Provide a minimum concrete thickness of 5 inches for all interior floor slabs. 

2. Place No. 3 rebar on 18-inch centers within the middle third of the slab to help control the 
width of shrinkage cracks, which inherently occur as concrete cures. 

The structural engineer should provide final design thickness and additional reinforcement for 
any structural loads, including traffic or rack loads. We anticipate that floor slabs for industrial 
purposes will generally be thicker than the above minimum recommendations. 
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Interior floor slabs subject to industrial loading such as from equipment, racks, or fork lifts 
should be underlain by a uniform granular base layer at least 6 inches thick. Granular base 
should have a minimum R-value of 50, a plasticity index less than 12, and no more than 10 
percent passing the No. 200 sieve. The base should be compacted to at least 95 percent relative 
compaction (ASTM D 1557) to provide firm, uniform support for the slab-on-grade. Prior to 
construction of the slab, the surface should be proof-rolled with heavy equipment to check that 
the base material is uniformly compacted and does not deflect under equipment loads. Slab 
reinforcing should be provided in accordance with the anticipated use and loading of the slab. 

6.6.2 Slab Moisture Vapor Reduction 

When buildings are constructed with concrete slab-on-grade, water vapor from beneath the slab 
will migrate through the slab and into the building. This water vapor can be reduced but not 
stopped. Vapor transmission can negatively affect floor coverings and lead to increased moisture 
within a building. For buildings where water vapor migrating through the slab would be 
undesirable, we recommend the following to reduce, but not stop, water vapor transmission 
upward through the slab-on-grade. 

I. Construct a moisture retarder system directly beneath the slab on-grade that consists of the 
following: 

r-\, a) Vapor retarder membrane sealed at all seams and pipe penetrations and connected to all 
footings. Vapor retarders shall conform to Class A vapor retarder per ASTM E 1745-97 
"Standard Specification for Plastic Water Vapor Retarders used in Contact with Soil or 
Granular Fill under Concrete Slabs." 

b) The vapor retarder should be underlain by 4 inches of clean crushed rock. Crushed rock 
should have 100 percent passing the ¾-inch sieve and less than 5 percent passing the 
No. 4 Sieve. 

2. Use a concrete water-cement ratio for slabs-on-grade of no more than 0.50. 

3. Provide inspection and testing during concrete placement to check that the proper concrete 
and water cement ratio are used. 

4. Moist cure slabs for a minimum of 3 days or use other equivalent curing specified by the 
structural engineer. 
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The structural engineer should be consulted as to the use of a layer of clean sand or pea gravel 
(less than 5 percent passing the U.S. Standard No. 200 Sieve) placed on top of the vapor retarder 
membrane to assist in concrete curing. 

6.6.3 Subgrade Modulus for Structural Slab Design 

Provided the site earthwork is conducted in accordance with the recommendations of this report, 
a subgrade modulus of 100 psi/in can be used for structural slab design. 

7. CULVERT STRUCTURE ENDWALLS 

7.1 LATERAL SOIL PRESSURES 

Design proposed walls to resist lateral earth pressures from adjoining natural materials and/or 
backfill and from any surcharge loads. Provided that adequate drainage is included as 
recommended below, the end walls using an equivalent fluid pressure of 60 pounds per cubic 
foot (pct). In addition, design walls to resist an additional uniform pressure equivalent to one­
half of any surcharge loads applied at the surface. 

The above lateral earth pressures assume level backfill conditions and sufficient drainage behind 
the walls to prevent any build-up of hydrostatic pressures from surface water infiltration and/or a 

~ rise in the groundwater level. If adequate drainage is not provided, we recommend that an 
additional equivalent fluid pressure of 40 pcf be added to the values recommended above for 
both restrained and unrestrained walls. A wet soil unit weight of 120 pounds per cubic foot may 
be used along with a friction angle of 30 degrees. We recommend that we review any 
calculations using these above values to check that they are properly applied. 

Construct a drainage system, as recommended below, to reduce hydrostatic forces behind the 
retaining wall. 

7.2 WALL DRAINAGE 

Construct either graded rock drains or geosynthetic drainage composites behind the retaining 
walls to reduce hydrostatic lateral forces. For rock drain construction, we recommend two types 
of rock drain alternatives: 

1. A minimum 12-inch-thick layer of Class 2 Permeable Filter Material (Caltrans Specification 
68-1.025) placed directly behind the wall, or 
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2. A minimum 12-inch-thick layer of washed, crushed rock with I 00 percent passing the ¾-inch 
sieve and less than 5 percent passing the No. 4 sieve. Envelope rock in a nonwoven 
geotextile filter fabric such as Mirafi l 40NC, or equivalent. 

For both types of rock drains: 

I. Place the rock drain directly behind the walls of the structure. 

2. Extend rock drains from the wall base to within 12 inches of the top of the wall. 

3. Place a minimum of 4-inch-diameter perforated pipe at the base of the wall, inside the rock 
drain and fabric, with perforations placed down. 

4. Place pipe at a gradient at least I percent to direct water away from the wall by gravity to a 
drainage facility. 

ENGEO should review and approve geosynthetic composite drainage systems prior to use. 

7.3 BACKFILL 

Backfill behind retaining walls should be placed and compacted in accordance with Section 4.5. 
~ Use light compaction equipment within 5 feet of the wall face. If heavy compaction equipment 

is used, the walls should be temporarily braced to avoid excessive wall movement. 

7.4 FOUNDATIONS 

Culvert walls may be supported on continuous footings. Design footings based on an allowable 
bearing capacity of 2,500 pounds per square foot. Footings should have a minimum depth of 24 
inches below lowest adjacent grade and a minimum width of 18 inches. Footing excavations 
should extend through all tailings, if present, and should bear in competent, non-yielding native 
soil. If the base of the footing excavation encounters loose or soft material, the footing should be 
deepened to competent soil as determined in the field by an ENGEO representative. 

8. PAVEMENT DESIGN 

8.1 FLEXIBLE PAVEMENTS 

We performed two R-value tests on representative soil from the site. Both of our tests resulted in 
R-values greater than SO. We used this value for determining pavement design sections. Using 
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estimated traffic indices for various pavement loading requirements, we developed the following 
recommended pavement sections using Procedure 608 of the Caltrans Highway Design Manual 
(including the asphalt factor of safety), presented in Table 7 below. 

A h ltC sp a oncre e avemen 
Table 7 
t p tS t' ec JOOS 

Section 
Traffic Index Asphalt Class 2 Aggregate 

Concrete (in.) Base (in.) 
5 3 4 
6 3 5 
7 4 5 
8 4½ 6 

The civil engineer should determine the appropriate traffic indices based on the estimated traffic 
loads and frequencies. 

The above recommended pavement sections are based upon soil with an R-value of 50. If during 
construction, clay is encountered, we recommend the upper 1 foot be removed and replaced with 
R-value 50 material. 

8.2 SUBGRADE AND AGGREGATE BASE COMPACTION 

Compact finish subgrade and aggregate base in accordance with Section 5.8. Aggregate Base 
should meet the requirements for ¾ -inch maximum Class 2 AB per section 26-1.02a of the latest 
Caltrans Standard Specifications. 
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9. RISK MANAGEMENT 

Our experience and that of our profession clearly indicates that the risk of costly design, 
construction, and maintenance problems can be significantly lowered by retaining the design 
geotechnical engineering firm to provide construction monitoring services as outlined below: 

I. Retain ENGEO to review the final grading, foundation and culvert wall plans prior to 
construction to determine whether our recommendations have been implemented, and to 
provide additional or modified recommendations, if necessary. 

2. Retain ENGEO to perform construction monitoring to check the validity of the assumptions 
we made to prepare this report. Our services would include testing and observation during 
site clearing, mass grading, subdrain installation, foundation excavation, underground utility 
construction, and pavement subgrade and aggregate base compaction. 

3. If any changes occur in the nature, design or location of the proposed improvements, then 
retain ENGEO to review the changes and prepare a written response and validate the 
conclusions and recommendations in this report. 

4. If conditions have changed because of natural causes or construction operations on or near 
the site between the time this report was prepared and construction, then retain ENGEO to 

~ review this report for applicability to the new conditions. This report is applicable only for 
the project and site studied. 

If we are not retained to perform the services described above, then we are not responsible for 
any party's interpretation of our report (and subsequent addenda, letters, and verbal discussions). 

10. LIMITATIONS 

This report presents geotechnical recommendations for construction of improvements discussed 
in Section 1.3 for the Idaho-Maryland Mine, Berm Road and Centennial Drive Extension project. 
If changes occur in the nature or design of the project, we should be allowed to review this report 
and provide additional recommendations, if any. 

We strived to perform our professional services in accordance with generally accepted 
geotechnical engineering principles and practices currently employed in the area; no warranty is 
expressed or implied. 
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We developed this report with limited subsurface exploration data. We assumed that our 
subsurface exploration data is representative of soil, rock and groundwater conditions across the 
site. Considering possible underground variability of soil, rock, stockpiled material, and 
groundwater, additional costs may be required to complete the project. We recommend that the 
owner establish a contingency fund to cover such costs. The amount of contingency will be 
dependant on the information available and the methods and assumptions used for estimating 
construction costs. On a preliminary basis, due to the potential unknowns related to the 
geotechnical conditions at the site, we recommend that you consider significant contingencies on 
your earthwork construction costs, possibly on the order of 20 to 40 percent. If unexpected 
conditions are encountered, notify ENGEO immediately to review these conditions and provide 
additional and/or modified recommendations, as necessary. 

The location and elevations of our borings and test pits were determined by IMMC personnel 
using hand-held OPS equipment. 

Our services did not include excavation sloping or shoring, soil volume change factors, flood 
potential, or a geohazard exploration. 

This geotechnical exploration did not include work to determine the existence of possible 
hazardous materials. If any hazardous materials are encountered during construction, then notify 
the proper regulatory officials immediately. 
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FIELD EXPLORATION NOTES 

We drilled 19 borings on the site for this report. An ENGEO representative supervised the 
drilling and logged the subsurface conditions. A CME 75 and a CME 850 drill rig were used to 
drill the borings using hollow stem auger methods. 

The boring logs present descriptions and graphically depict the subsurface soil, rock and 
groundwater conditions encountered. The maximum depth penetrated by the borings was 
approximately 50 feet. 

We obtained bulk soil samples from drill cuttings. We also retrieved soil samples at various 
intervals in the borings using Standard Penetration Tests (SPD and a Modified California 
Sampler (3-inch O.D. split spoon sampler with thin walled liners). 

The SPT and Modified California Sampler blow counts were obtained by dropping a 140-pound 
hammer through a 30-inch free fall. Unless otherwise indicated, the blows per foot recorded on 
the boring log represent the accumulated number of blows required to drive the last 12 inches. 

Additionally we excavated 11 test pits using a Caterpillar 320C with a 24 inch wide bucket. An 
ENGEO representative observed the test pit excavation. The test pit logs present descriptions 
and graphically depict the subsurface soil, rock and groundwater conditions encountered. The 
maximum depth penetrated by the test pits was approximately 13 feet. 

We obtained bulk soil samples from the excavations. 

NOTES TO THE LOGS 

We determined the lines designating the interface between soil/rock materials on the logs using 
visual observations. The transition between the materials may be abrupt or gradual. 

The logs contain information concerning samples recovered, indications of the presence of 
various materials such as sand, silt, rock, existing fill, etc., and observations of groundwater 
encountered. The field logs also contain our interpretation of the soil/rock conditions between 
samples. Therefore, the logs contain both factual and interpretative information. Our 
recommendations are based on the contents of the final logs. The final logs represent our 
interpretation of the contents of the field logs. 

7645.5.001.01 
March 6, 2007 
Reissued May I, 2007 



KEY TO BORING LOGS 
MAJOR TYPES DESCRIPTION __ , 

i g GRAVELS CLEAN GRAVELS WITH 1·. ... GW- Well graded gravels or gravel-sand mixtures 
1-~ MORE THAN HALF LITTLE OR NO FINES ~[j 
w z COARSE FRACTION o ,• GP - Poorly graded gravels or gravel-sand mixtures 
~~ ~ 1 ::e... IS LARGER THAN ., GM - Silty gravels, gravel-sand and silt mixtures 
CllO:: NO. 4 SIEVE SIZE GRAVELS WITH OVER O ~ 
ci~w 12 % FINES GC - Clayey gravels, gravel-sand and clay mixtures Cl)~~f----------1----------fl,c.,:;4----_;_-,;_ ________________ ----I I ~ 00 c~1~ij~~~~N 8~~ ~~i~ F~1~ r-_?f_:_:_'._:_:'._;_~·-· SW - Well graded sands, or gravelly sand mixtures 
'-f u. is SMALLER THAN SP - Poorly graded sands or gravelly sand mixtures 
~ o NO. 4 SIEVE SIZE ~ · 
~~ SANDS WITH OVER . . SM - Silty sand, sand-silt mixtures 
u 12 % FINES ~ SC - Clayey sand, sand-clay mixtures 

a:: 
WW a::_, 

SIL TS AND CLAYS LIQUID LIMIT 50 % OR LESS 0~ 
::!i::iiw 

~~~ -

ML - Inorganic silt with low to medium plasticity 

~ CL - Inorganic clay with low to medium plasticity 

o.-CI) ,_-_ OL - Low plasticity organic silts and clays ~~g1------------------lii-mif--------'--......:...----'=--------=-----------f 
~ ~ ~ MH - Inorganic silt with high plasticity 
<u.z 
<.?a:~~ SILTS ANO CLAYS LIQUID LIMIT GREATER THAN 50% CH - Inorganic clay with high plasticity 
' :t 1-

W z 
~:t OH - Highly plastic organic silts and clays 

I-
HIGHLY ORGANIC SOILS 

w 
, ., PT - Peat and other highly organic soils 

GRAIN SIZES 

U.S. STANDARD SERIES SIEVE SIZE CLEAR SQUARE SIEVE OPENINGS 
200 40 10 '.\IA" : . 

SILTS I SAND GRAVEL 
c~~s1--I-F-1N-E-~I--M-E=o..:.;..1u=M--l--c-o-AR_s_E _____ F1_N_E_ .......... .....,.l ............. -----c-0A_R_s_e_---1 

RELATIVE DENSITY 

SANDS AND GRAVELS 

VERY LOOSE 
LOOSE 
MEDIUM DENSE 
DENSE 

VERY DENSE 

BLOWS/FOOT 
!§.fJj 

0-4 
4-10 

10-30 
30-50 

OVER 50 

MOISTURE CONDITION 

SIL TS AND CLAYS 
VERY SOFT 
SOFT 
MEDIUM STIFF 
STIFF 
VERY STIFF 
HARD 

CONSISTENCY 
STRENGTH* 

0-1/4 
1/4-1/2 
1/2-1 
1-2 
2-4 

OVER4 

COBBLES BOULDERS 

BLOWS/FOOT 
~ 

0-2 
2-4 
4-8 
8-15 
15-30 

OVER30 

DRY 
MOIST 
WET 

SATURATED 

Absence of moisture, dusty, dry to touch 
Damp but no visible water 

MINOR CONSTITUENT QUANTITIES (BY WEIGHT) 

Visible freewater 
Below the water table 

I 
SAMPLER SYMBOLS 

Modified California (3" O.D.) sampler 

I 
~ 
[D 
a 
~ 
~ 

California (2.5" 0.0.) sampler 

S.P.T. - Split spoon sampler 

Shelby Tube 

Continuous Core 

Bag Samples 

Grab Samples 

NR No Recovery 

ENGEO 
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HCl:Ufill:UfRl'ta,·,r1NrH mt 

TRACE 
SOME 
WITH 
........ Y 

LINE TYPES 

Particles are present, but estimated lo the less than 5% 
5 to 15% 
15 lo 30% 
301050% 

Solid - Layer Break 

Dashed - Gradational or approximate layer break 

GROUND-WATER SYMBOLS 

5l Groundwater level during drilling 

~ Stabilized groundwater level 

(S.P.T.) Number of blows of 140 lb. hammer falling 30" to drive a 2-inch 0.0. (1-3/8 inch 1.0.) sampler 

• Unconfined compressive strength in tons/sq. ft, asterisk on log means determined by pocket penetrometer 



KEY TO ROCK CHARACTERISTICS 

STRENGTH 
Plastic or very low strength 
Crumbles easily by hand 

Weak 
Friable 

Moderately strong 
Strong 

Crumbles under light hammer blows 
Crumbles under a few heavy hammer blows 

Ve stron Breaks into lar e ieces under heav , rin in hammer blows 

Fracture Spacing 

Very widely 
Widely 

Moderately 
Closely 

Very closely 
Crushed 

Stratification 

Massive 
Very thick bedding 

Thick bedding 
Thin bedding 

Very thin bedding 
Laminated 

FRACTURING 
Size of Pieces 

Greater than 4 feet 
1 foot to 4 feet 

6 inches to 1 foot 
1 inch to 6 inches 
½ inch to 1 inch 
Less than ½ inch 

BEDDING OF SEDIMENTARY ROCKS 

WEATHERING 

Thickness of Beds 

No apparent bedding 
Greater than 4 feet 

2 feet to 4 feet 
2 inches to 2 feet 
½ inch to 2 inches 

Less than 1 
/ inch to ½ inch 

Deep Moderate to complete decomposition; extensive disintegration; deep and 
thorough discoloration: many extensively-coated fractures. 

Moderate 

Little 

Fresh 

ENGEO 
INCORPORATED 

Slight decomposition of minerals; little disintegration: moderate discoloration: 
moderately coated fractures. 

No megascopic decomposition of minerals; slight to no effect on cementation; 
slight and intermittent, or localized decoloration; few stains on fracture surfaces. 

Unaffected by weathering agents; no disintegration or discoloration; fractures 
usually less numerous than joints. 



TABLE A 
Summary of Geotechnical Condition and Foundation Recommendations 

Nearby Explorations Recommended Foundation Approach 

Proposed Pad Approximate Approximate Proposed Range 
Drilled Piers Improvement Area (sq. ft.) TP -ENGEO Test Pit Thickness of Depth to of Cut (C) I Fill Grade (ft) 

B -ENGEO Boring Existing Fill (ft) Bedrock (ft) (F) Thickness (ft) Shallow Footings on Shallow Footings on with 
IDT -IMMC Exploration Native Soil Engineered Fill Structural 

Floor Slab 

TP16, TPl8, IDT4-3, TDT4-6, IDT4-
Ceramic Plant 2520 193,000 6, IDT4-8, IDT4-9, TDT4- l, IDT4-4, 3½ 3½ 15 C to 15 F v' (1) 

lDT4-4, JDT4-6 

Process Plant 2520 32,300 TP14, TPl7, IDT4-2 l 1 10 C to 2 F v' 

Hoist House 2580 4,000 B24 3½ 3½ I to 6 C v' 

Shaft with Headframe 2580 20 foot Diameter B2S l½ lY2 5 to 10 C v' 

Warehouse Building 2520 15,000 TP17, TPl4, IDT4-2 1½ 2Y2 4 to 10 C v' 

Core Shed 2500 20,000 B9, 812, TDT3-10 10 15 6 C to 6 F v' (2) 

Equipment Bay 2500 10,700 TP17 I½ 2Y2 25 to 30 C v' 

Dry Change House #1 2520 9,000 TP2, TP8, IDT4-7 7Y2 9 I to 3 C v' 

Dry Change House #2 and 
2585 9,000 B27 l l 5 C to 2 F v' Office 

Office 2520 9,000 TP8, TP2, IDT4-7, IDT2-1 3Y2 4½ 2 to 5 C v' 

Temporary Explosives 
2500 5,400 TPIS 1 - IY2 I - l Y2 5 to 19 C v' Magazine 

Educational Center 2590 5,200 B29 0 10 4 C to 3 F v' 

Substation 2575 20,600 B23, B30 l0Y2 - 30½ l0Y2 - 30Y2 6 C to 5 F v' 

Fire Water Tank 2540 7,900 B29, TPlS 0 - 1½ l Y2- lO 15 to 20 C v' 

Fuel/Oil Storage 2500 2,500 B9, BS, B12, IDT3-10 10 - 15 15 1 to 6 F v'(2) 

Truck Shop 2500 22,500 B9, BS, B12, IDT3-10 15 15 2 C to 5 F v'(2) 
.. 

(1) Trans1t10n overexcat10n requtred due to differential fill thickness greater than 10 feet 
(2) Limited overexcavation to a depth of 5 feet below pad grade is acceptable provided some differential soil movement is tolerable for these structures 
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Idaho-Maryland Mining Corp. DATE DRILLED: 2/1/2007 
HOLE DEPTH: Approx. 20½ ft. 
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HOLE DIAMETER: 6.0 in. 
Surface Improvements 
Grass Valley, California 

7645.5.001 .01 SURF ELEV (FT-MSL): Approx. 2499 ft. 
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DESCRIPTION 

CLAYEY SAND (SC), reddish brown, medium dense, moist, 
medium plasticity, fine to medium sand. (FILL, TAILINGS) 

Becomes dense to very dense, with some gravel 

GABBRO, reddish brown, moderately strong, closely fractured, 
moderately weathered 

Light brown 

Strong 

No groundwater encountered. 

0 
.D 
E 
:>, 
en 

'ii 
> 
Q) _, ... 
.!! 

~ 

LOGGED / REVIEWED BY: M. Johnson / JAF 
DRILLING CONTRACTOR: V&W Drilling 
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DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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Idaho-Maryland Mining Corp. DATE DRILLED: 2/1/2007 
HOLE DEPTH: Approx. 11½ ft. 
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HOLE DIAMETER: 6.0 in. 
Surface Improvements 
Grass Valley, California 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2489 ft. 
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DESCRIPTION 

CLAYEY GRAVEL (GC), reddish brown and light gray, dense, 
moist, fine gravel, with cobbles 

GABBRO, light brown, strong, closely fractured, moderately 
weathered · 

No groundwater encountered . 
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LOGGED / REVIEWED BY: M. Johnson / JAF 
DRILLING CONTRACTOR: V&W Drilling 
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DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atlerberg Limits 
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.~- . 
Idaho-Maryland Mining Corp. DATE DRILLED: 2/1/2007 LOGGED/ REVIEWED BY: M. Johnson ' JAF 

Surface Improvements HOLE DEPTH: Approx. 10 ft. DRILLING CONTRACTOR: V&W Drilling 

Grass Valley, California HOLE DIAMETER: 6.0 in. DRILLING METHOD: Hollow Flight Auger 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2487 ft. HAMMER TYPE: Automatic Trip Hammer 

Alterberg Limits 
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Idaho-Maryland Mining Corp. DATE DRILLED: 2/1/2007 LOGGED/ REVIEWED BY: M. Johnson/ JAF 

Surface Improvements HOLE DEPTH: Approx. 10½ ft. DRILLING CONTRACTOR: V&W Drilling 

Grass Valley, California HOLE DIAMETER: 6.0 in. DRILLING METHOD: Hollow Flight Auger 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2490 ft. HAMMER TYPE: Automatic Trip Hammer 
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ENGEO LOG OF BORING 88 
Exp0ct Excellence .. ··· 

Idaho-Maryland Mining Corp. DATE DRILLED: 2/112007 
HOLE DEPTH: Approx. 15½ ft. 
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HOLE DIAMETER: 6.0 in. 
Surface Improvements 
Grass Valley, California 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2517 ft. 
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DESCRIPTION 

GRAVEL (GP), gray, very dense, moist, (FILL) 

SAND {SP), brown, medium dense, moist, (FILL, TAILINGS) 

META-ANDESITE, gray, moderately strong, crushed, deeply 
weathered 

Very strong 
No groundwater encountered. 
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LOGGED f REVIEWED BY: M. Johnson / JAF 
DRILLING CONTRACTOR: V&W Drilling 

DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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ENGEO LOG OF BORING 89 
··· Expect Excellence - · -

Idaho-Maryland Mining Corp. DATE DRILLED: 2/1/2007 
HOLE DEPTH: Approx. 15½ ft. 
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Surface Improvements 
Grass Valley, California 

7645.5.001.01 
HOLE DIAMETER: 6.0 in. 

SURF ELEV (FT-MSL}: Approx. 2550 ft. 
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DESCRIPTION 

SAND (SP}, reddish brown and gray, loose, moist, fine sand, 
with gravel, (FILL, TAILINGS} 

CLAVEY SAND (SC), reddish brown, loose, moist, (FILL, 
TAILINGS) 

SIL TY GRAVEL (GM), light gray and reddish brown, dense, 
moist 

DIABASE. reddish brown, strong, closely fractured, moderately 
weathered 

No groundwater encountered. 

LOGGED I REVIEWED BY: M. Johnson I JAF 
DRILLING CONTRACTOR: V&W Drilling 
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DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 

I :5 
Cl 

c C )C ·.; 1: !e )( 0 !!::::-Q) 0 O> - a. 
"C C.,: 

~ 
1/) a. 

] -N 0 CD 

~ .E i'II: O·ijj "C co 
.?;- li 

Q) "C 
..J ::::i !! lit ~ 

c-
I:: Q) 

0 :Q a~ Cl:: 

~ :2 en .!/1-C => '6' s· ::I 
.!! .Q' .!! .5~ ~i ~a. cc::-
a. ..J a. u.- 0- =, ~ 

30 

17 111 

25 102 

g.___....1. __ ....1........1.... ____________________ .....,_ __ ..._....,_ _ __._ _____ .___ ...... __________ _, 



ENGEO LOG OF BORING B1 2 
.... Expoct Excollonce ··· · 

Idaho-Maryland Mining Corp. DATE DRILLED: 2/1/2007 LOGGED I REVIEWED BY: M. Johnson I JAF 
Surface Improvements HOLE DEPTH: Approx. 20½ ft. DRILLING CONTRACTOR: V&W Drilling 
Grass Valley, California HOLE DIAMETER: 6.0 in. DRILLING METHOD: Hollow Flight Auger 

7645.5.001 .01 SURF ELEV (FT-MSL): Approx. 2493 ft. HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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ENGEO LOG OF BORING 820 
---· Expect Excellence--··· 

Idaho-Maryland Mining Corp. DATE DRILLED: 1/23/2007 
HOLE DEPTH: Approx. 36 ft. Surface Improvements 

Grass Valley, California 
7645.5.001.01 

HOLE DIAMETER: 6.0 in. 
SURF ELEV (FT-MSL): Approx. 2557 ft. 
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DESCRIPTION 

SIL TY GRAVEL (GM), gray, dense, moist, fine to medium 
sand, with silt, (FILL, TAILINGS) 

SIL TY SANO (SM), brown, medium dense, moist, fine to 
~ medium sand, with gravel, (FILL, TAILINGS) 

-

GRAVELLY SAND (SP), brown, medium dense, moist, fine to 
coarse sand, with silt, (FILL, TAILINGS) 

_:.:-:·:::·:.-·· 

\:!ilfl 
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-SIL TY SANO (SM), brown, medium dense, moist, fine to :·:: ·.-:-: / 
medium sand, with gravel, (FILL, TAILINGS) ·> ·:::· .. :· 

ti!il! 
\~:'(?:. 

illil 
SANDY CLAY (CL), reddish brown, stiff, moisl, low plasticity, ~ 
fine to medium sand, with silt, with some gravel, (FILL, ~ 
TAILINGS) 

SIL TY SANO (SM), gray, very dense, moist, fine to medium 
sand, with gravel, with clay, (FILL, TAILINGS) 
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LOGGED/ REVIEWED BY: M. Turner/ JAF 
DRILLING CONTRACTOR: V&W Drilling 
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DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atlerberg Limits 
cii' 
> 
·I 

>< Q 
Q) Q - - 'CJ -N ]; .E .E :&:a: 
i::, - 01 ...J :::i Cc 

~'i u ·o 
u !! ~ :, 
IQ 0" IQ 

~~ ii: :::i a: 

31 

c 
.!!-c-
o'§, 
O·iii 
l!! == .a ~ 

.!/1 '0 

~c 

4 

19 

25 

fi, 
C >< 

:c I!! 0 

ci>~ .21 

~ 'CJ IQ 
QI 'CJ - c-·c i;: QI 
ci::: 

::> 'u s· 
~c. CC' 
0- :J ~ 

1.27 

109 

99 4• 



0 

.J 

0 
~ 

ENGEO LOG OF BORING 820 
-·-···· Expoct Excellence··· 

Idaho-Maryland Mining Corp. DATE DRILLED: 1/23/2007 
HOLE DEPTH: Approx. 36 ft. 
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HOLE DIAMETER: 6.0 in. 
Surface Improvements 
Grass Valley, California 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2557 ft. 
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DESCRIPTION 

SANDY SILT (ML), gray, stiff, moist, fine sand, with some clay, 
(FILL, TAILINGS)Continued from previous 
SIL TY CLAY (CL), gray, very stiff, moist, low plasticity, with fine 
sand, with some gravel 
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'""s1L TY SAND (SM), gray, very dense, moist, fine to coarse -:':; ·.-:-: /: 
sand, with gravel :: : ·:::· ;_:· ------
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- META-ANDESITE, gray, weak, crushed, deeply weathered, 
with visible rock fabric 
Bottom of boring at 36 feet 
No groundwater encountered. 
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LOGGED/ REVIEWED BY: M. Turner/ JAF 
DRILLING CONTRACTOR: V&W Drilling 

DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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ENGEO LOG OF BORING B22 
Expect Excel/once - ---· 

Idaho-Maryland Mining Corp. DATE DRILLED: 1/23/2007 
HOLE DEPTH: Approx. 50½ ft. 
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Surface Improvements 
Grass Valley, California 

7645.5.001.01 
HOLE DIAMETER: 6.0 in. 

SURF ELEV (FT-MSL): Approx. 2559 ft. 
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DESCRIPTION 

SANDY GRAVEL (GM), gray, medium dense, moist, fine to 
medium sand, with silt, (FILL, TAILINGS) 

:s 
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..J 

siLTYSAND Ts°Mrreddish brown, loose, moist, fine to medium :":-: ·::, l 
sand, with sill, (FILL, TAILINGS) .-:·-: ·:::· :.:· 

Loose, fine sand, with clay, little gravel, more sHt 

siLTY CLAY (CL), reddish brown, hard, moist, low plasticity, 
with fine sand, with some gravel, (FILL, TAILINGS) 

CLAYEY SILT (ML), brown, hard, moist, with fine sand, and 
gravel, (FILL, TAILINGS) 

SIL TY CLAY (CL), brown mottled with dark brown, hard, moist, 
low plasticity, trace fine sand, with some gravel, (FILL, 
TAILINGS) 

SANDY CLAY (SC), bluish gray, very stiff, moist, fine to coarse 
sand, with some gravel 
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LOGGED/ REVIEWED BY: M. Turner/ JAF 
DRILLING CONTRACTOR: V&W Drilling 
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DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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ENGEO LOG OF BORING 822 
Expect Excellence·--

Idaho-Maryland Mining Corp. DATE DRILLED: 1/23/2007 
HOLE DEPTH: Approx. 50½ ft. 
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HOLE DIAMETER: 6.0 in. 
Surface Improvements 
Grass Valley, California 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2559 ft. 
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DESCRIPTION 

SANDY CLAY (SC), bluish gray, very stiff, moist, fine to coarse 
sand, with some gravelContinued from previous 

SIL TY SAND (SM), bluish gray, very dense, moist, fine to 
coarse sand, with some gravel 

SIL TY Cl.A Y (CL), bluish gray, hard, moist, low plasticity, with 
fine sand, and gravel 

META-ANDESITE, gray and brown, weak, crushed, deeply 
weathered 
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LOGGED/ REVIEWED BY: M. Turner/ JAF 
DRILLING CONTRACTOR: V&W Drilling 

DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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ENGEO LOG OF 
· · ··· · Expect Excellence · · ·· · 

Idaho-Maryland Mining Corp. DATE DRILLED: 1/23/2007 
Surface Improvements HOLE DEPTH: Approx. 50½ ft. 

Grass Valley, California HOLE DIAMETER: 6.0 in. 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2559 ft. 

Q) ~ G) DESCRIPTION QI .9! a. 0 u. CIJ ~ .0 
::i: .£ E 

j! .5 >, 
~ a. Cl) 

g. = E Q. s QI (II 
Cl 0 C/) 

- ~M 
Bottom of boring at approximately 50½ reel. Groundwater 
encountered at approximately 50 feet. 

BORING 822 
LOGGED / REVIEWED BY: M. Turner/ JAF 
DRILLING CONTRACTOR: V&W Drilling 

DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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ENGEO LOG OF BORING 823 
Expect Excellence ---· 

Idaho-Maryland Mining Corp. DATE DRILLED: 1/29/2007 
HOLE DEPTH: Approx. 50½ ft. 

ai 
Cl) 
IL 
.5 
.s::. 
ii 
Cl) 

0 

5 

10 

15 

20 

... 
0 25 
~ 
' 

Surface Improvements 
Grass Valley, California 

7645.5.001.01 
HOLE DIAMETER: 6.0 in. 

SURF ELEV (FT-MSL): Approx. 2571 ft. 
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DESCRIPTION 

SANDY SILT (ML), dark brown, soft, moist, with fine sand, and 
gravel, and organics, (FILL, TAILINGS) 

SANDY GRAVEL (GM), gray, medium dense, moist, with fine 
sand, and silt, and organics, (FILL, TAILINGS) 

SILTY CLAY (CL), gray, very stiff, moist, low plasticity, with 
organics, (FILL, TAILINGS) 

Grading with more fine sand 
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SIL TY SAND (SM), gray, loose, moist, fine sand, with clay, with -::; ·:"; ;-:: 
organics, (FILL, TAILINGS) -:·-: ·::·:. -;_.:-

LUMBER MILL WASTE, dark brown and black, very soft, moist, 
fine wood chips up to 1/4 inch maximum dimension, no odor, 
(FILL). 

Grading with silt and clay, with strong organic odor 

;(j Jill 

CLAYEY SAND (SC), gray, loose, moist, fine sand, with gravel, · .. ·. ·. ·,-.. 
and silt, with bark up to 2 inches maximum dimension, (FILL, · ·.·: · · 
TAILINGS) ,·· .. 

LUMBER MILL WASTE, dark brown, very soft, moist, fine wood 
chips up to 1/4 inch maximum dimension, no odor, (FILL). 
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LOGGED I REVIEWED BY: M. Turner I JAF 
DRILLING CONTRACTOR: V&W Drilling 
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DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atlerberg Limits 
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ENGEO LOG OF BORING B23 
-· -- Expect Excellence - · · · 

~ 
Idaho-Maryland Mining Corp. DATE DRILLED: 1/29/2007 LOGGED I REVIEWED BY: M. Turner/ JAF 

Surface Improvements HOLE DEPTH: Approx. 50½ ft. DRILLING CONTRACTOR: V&W Drilling 

Grass Valley, California HOLE DIAMETER: 6.0 in. DRILLING METHOD: Hollow Flight Auger 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2571 ft. HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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SAND (SP), gray, medium dense, wet, fine sand, (FILL. 23 
35 75 

3 
8 TAILINGS) 

18 
CLAYEY SAND (SC), gray, medium dense, moist, fine sand, 
with organics, (FILL, TAILINGS) 

9 SAND (SP), gray, medium dense, wet, fine sand, (FILL, 
:. ,: _.. _. ... 

30 TAILINGS) 
META-ANDESITE, gray and brown, weak, crushed, deeply 

75/12" 
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35 Reddish brown with iron oxide mineralization along fractures 75112" 19 108 
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ENGEO LOG OF 
Expoct Excel/once ·-·-

Idaho-Maryland Mining Corp. DATE DRILLED: 1/29/2007 
Surface Improvements HOLE DEPTH: Approx. 50½ ft. 
Grass Valley, California HOLE DIAMETER: 6.0 in, 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2571 ft, 

'al ~ Cl) DESCRIPTION Cl) CII C. 0 a:; 
~ u. .0 

.5 :it E 
~ .5 >, 

.c C. (/) -a 5 E Q. Cl) 
Cl) 

~ Ill 0 
0 1/) -I 

... • w~ 
Bottom of boring at approximately 50½ feet. No groundwater 
encountered. 

BORING 823 
LOGGED I REVIEWED BY: M. Turner I JAF 
DRILLING CONTRACTOR: V&W Drilling 

DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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ENGEO LOG OF BORING B24 
· Expect Excoflence --- ·· 

Idaho-Maryland Mining Corp. DATE DRILLED: 1/29/2007 
HOLE DEPTH: Approx. 21 ft. 

ai 
Q) 
u. 
.S 
.c -a. 
Q) 
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20 

HOLE DIAMETER: 6.0 in. 
Surface Improvements 
Grass Valley, California 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2583 ft. 

e (l) DESCRIPTION .!!! a. 
(lJ ~ :E 
.!: J/1 
:S 

a. 
E Q. 

111 co 
0 en 

0 
.0 
E 
>, 

Cl) 

ORGANIC SOIL (OL), black, soft, moist, with silt, and fine 
sand, (FILL) 

SIL TY SAND (SM}, reddish brown, loose, moist, with some 
gravel 

1 
META-ANDESITE, tan and reddish brown, weak, crushed, 
deeply weathered, fractures filled with red clay, iron oxide 
mineralization along fractures surfaces 

2 

Bluish gray and reddish brown 

3 

4 

No clay present within fractures 

5 

6 

No groundwater encountered. 
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LOGGED I REVIEWED BY: M. Turner I JAF 
DRILLING CONTRACTOR: V&W Drilling 
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DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
'al' £ 
.f Cl 

c C )( 
.c !!! 0 )( 

0 .!!- 00 8: Q) 0 :st C) 
"0 -N ! ·e ~ .E C 'II: O·iii i co .l!l 01 

~ € Cc I!!;:: ~ 
c:E 

..I 8'ili II: Q) u :g .a i!:' ci;:: 
~ i gj[ ,!!! 'D :::> '6' 8" :::, 
co .sr .!l! ~e ~c ~ a. CC' a: ..I 0. 0- ::) ~ 

29 92 

13 94 

14 



.) 

~ 
C, 

ENGEO LOG OF BORING 825 
Expect Excellence---

Idaho-Maryland Mining Corp. DATE DRILLED: 1/29/2007 
HOLE DEPTH: Approx. 10½ ft. 
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t 
QI 
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10 

HOLE DIAMETER: 6.0 in. 
Surface Improvements 
Grass Valley, California 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2586 ft. 

I!! Cl) DESCRIPTION .!!! C. 0 
0, .a :: I- E Cl) .s Q. 

>, 

= en 
E g, Q. 
111 QI 

0 en ..J 

ORGANIC SOIL (OL), brown, soft, moist, with fine sand, and 
clay, composed of wood chips, (FILL) 

META-ANDESITE, green and reddish brown, weak, crushed, 
deeply weathered, iron oxide mineralization along fracture 
surface 

2 

3 

No groundwater encountered . 
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LOGGED I REVIEWED BY: M. Turner I JAF 
DRILLING CONTRACTOR: V&W Drilling 
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DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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ENGEO LOG OF BORING 826 
·· · Expect Excellence ·-·-

Idaho-Maryland Mining Corp. DATE DRILLED: 1/30/2007 
HOLE DEPTH: Approx. 20½ ft. 
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20 

HOLE DIAMETER: 6.0 in. 
Surface Improvements 
Grass Valley, California 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2570 ft. 

e 8. * I-:E 
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DESCRIPTION 

6 inches concrete. no base rock, (FILL) 
SILTY CLAY (CL), reddish brown, medium stiff, moist, medium 
plasticity, with fine sand, and gravel 

META-ANDESITE, reddish brown, weak, crushed, deeply 
weathered, iron oxide mineralization along fracture surfaces 

Moderately strong 

No groundwater encountered. 
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LOGGED/ REVIEWED BY: M. Turner I JAF 
DRILLING CONTRACTOR: V&W Drilling 

DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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ENGEO LOG OF 
Expoct Excellence-· ·· 

Idaho-Maryland Mining Corp. DATE DRILLED: 1/29/2007 
Surface Improvements HOLE DEPTH: Approx. 6½ ft. 

Grass Valley, California HOLE DIAMETER: 6.0 in. 

7645.5.001.01 SURF ELEV (FT·MSL): Approx. 2586 ft. 

Cl) l!? Cl) DESCRIPTION Cl) .SI -~ 0 u. Cl) .0 :s I-
.5 E 

.5 Cl) >, 
ci. a t 1/) 
E Cl 

Cl) cu ca 0 
0 0 th ...I 

SANDY SILT (SM), dark brown, soft, moist, fine sand, with 
111 organics, organics composed of wood chips, (FILL) - META·ANDESITE, gray, weak, crushed, deeply weathered, ... 

~ with red clay filled fractures _.,. 
... ... _ ... 
~1 ... _ ... 
... ... 

5 _ ... 

- ~ ... 
No groundwater encountered. 

BORING 827 
LOGGED I REVIEWED BY: M. Turner I JAF 
DRILLING CONTRACTOR: V&W Drilling 

DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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ENGEO LOG OF BORING B28 
Expect Excellence 

~ Idaho-Maryland Mining Corp. DATE DRILLED: 1/30/2007 LOGGED I REVIEWED BY: M. Turner/ JAF 

Surface Improvements HOLE DEPTH: Approx. 20½ ft. DRILLING CONTRACTOR: V&W Drilling 

Grass Valley, California HOLE DIAMETER: 6.0 in. DRILLING METHOD: Hollow Flight Auger 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2569 ft. HAMMER TYPE: Automatic Trip Hammer 

Atlerberg Limits 
QI .J::. 
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J: I!! 0 
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ti i Q) DESCRIPTION u. Q) 0 C: .J::. .2> 
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0 C 1/) iii a: o- ::J::::. 

SIL TY CLAY (CL), reddish brown, medium stiff, moist, low 
plasticity, with fine sand, with some gravel, and cobbles, (FILL) 24 43 19 

SIL TY SAND (SM), dark brown, loose, moist, fine to coarse 
sand, and gravel, (FILL) 13 

1 CLAVEY SAND (SC), reddish brown, loose, moist, fine to 28 3.5° 
coarse sand, and silt, with some gravel, (FILL) 11 

5 

2 
SIL TY CLAY (CL), reddish brown mottled with gray, medium 1.5· 
stiff, moist, low plasticity, with fine to medium sand, with some 9 
gravel, (FILL) 27 95 

~ 

10 3 

META-ANDESITE, gray and green, weak, crushed, deeply 
70/12'' 16 110 

weathered, iron oxide mineralization along fracture surfaces 

4 

15 
Moderately strong 50/3" 

5 

6 
20 

No groundwater encountered. 
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ENGEO LOG OF BORING B29 
Expect Excollence · - -·· 

Idaho-Maryland Mining Corp. DATE DRILLED: 2/1/2007 
HOLE DEPTH: Approx. 15½ ft. 
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HOLE DIAMETER: 6.0 in. 
Surface Improvements 
Grass Valley, California 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2589 ft. 

~ G) DESCRIPTION !! 0 
Q) Sl 
:i I- E 

~ .5 >, 

5 Cl. (/) 

E OI Q. ns 8 0 
(/) ..I 

CLAYEY SAND (SC), reddish brown and light gray, medium 
dense, moist 

SIL TY SAND (SM), light brown, hard, moist 

2 

3 
DIABASE, reddish brown, friable, crushed, deeply weathered 

4 

No groundwater encountered. 
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LOGGED/ REVIEWED BY: M. Johnson/ JAF 
DRILLING CONTRACTOR: V&W Drilling 

DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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ENGEO LOG OF BORING 830 
·· ···· Expect Excollence -

Idaho-Maryland Mining Corp. DATE DRILLED: 1/29/2007 
HOLE DEPTH: Approx. 40½ ft. 

qj 
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C. a:, 
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25 

HOLE DIAMETER: 6.0 in. 
Surface Improvements 
Grass Valley, California 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2578 ft. 

~ Cl) DESCRIPTION s a. 0 
"' I-::E 
.E Cl) 

-5 
ci. 

a. E 
"' cu 
0 (/) 

.c 
E 
>, 

(I) 
C) 

.9 
SANDY SILT (ML), dark brown, soft, moist, fine sand, with 
gravel, and cobbles, (FILL) 
SIL TY GRAVEL (GM), brown and gray, medium dense, moist, 
fine sand, and cobbles, (FILL) 

CLAYEY SILT (ML}, bluish gray, very stiff, moist, with fine 
sand, and organics, organics composed of wood chips, (FILL) 

SIL TY CLAY (CL), reddish brown mottled with bluish gray, very 

2 
stiff, moist, low plasticity, with fine sand, (FILL) 

3 

META-ANDESITE, bluish gray, weak, crushed, deeply 
weathered, iron oxide mineralization along fracture surfaces 
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LOGGED I REVIEWED BY: M. Turner I JAF 
DRILLING CONTRACTOR: V&W Drilling 

DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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ENGEO LOG OF BORING 830 
Expect Exco/lence ·· 

Idaho-Maryland Mining Corp. DATE DRILLED: 1/2912007 
HOLE DEPTH: Approx. 40½ ft. 

iii 
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30 

35 

40 

HOLE DIAMETER: 6.0 in. 
Surface Improvements 
Grass Valley, California 

7645.5.001.01 SURF ELEV (FT-MSL): Approx. 2578 ft. 

I!! Q) 
j!! Q. 

"' >, 

:i: t-
.s Q) 

C. :5 E Q. 

"' 111 
C Cl) 

8 

9 

10 

11 

12 

DESCRIPTION 

META-ANDESITE, bluish gray, weak, crushed, deeply 
weathered, iron oxide mineralization along fracture 
surfacesContinued from previous 
Moderately strong strong 

Strong 

No groundwater encountered. 
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LOGGED I REVIEWED BY: M. Turner/ JAF 
DRILLING CONTRACTOR: V&W Drilling 

DRILLING METHOD: Hollow Flight Auger 
HAMMER TYPE: Automatic Trip Hammer 

Atterberg Limits 
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Test Pit 
Number 

TP2 

TP3 

IDAHO- MARYLAND MINE SURFACE IMPROVEMENTS 
NEV ADA COUNTY, CALIFORNIA 

TEST PIT LOGS 

Depth (Feet) Description 

0 - 1 SIL TY SAND (SM), gray, loose moist, fine grained, with clay, 
(FILL, TAILINGS) 

1-9 ½ 

0-3½ 

4 ½- 11 

SANDY CLAY (CL), soft, moist, fine grained sand, low plasticity, 
with silt, (FILL, TAILINGS) 

At 3 feet, becomes very soft 

At 7 ½ feet, becomes dark gray and dark green, with gravel and 
organics, organics composed of wood chips,(native soil, non fill) 

At 9 feet perched groundwater encountered 

GABBRO, green and brown, weak, crushed, deeply weathered 

Bottom at 13 ½ feet. 
Perched groundwater at 9 feet. 

SILTY SAND (SM), gray with rust seams, loose, moist, fine 
grained, (FILL, TAILINGS) 

SANDY CLAY (CL), reddish brown, very soft, moist, fine grained 
sand, low to medium plasticity 

GABBRO, green and reddish brown, weak, crushed, deeply 
weathered 

Bottom at 11 feet. 
No groundwater encountered. 

Logged By: M. Turner 
Project No. 7645.5.001.01 
Logged Date: 01/31/07 



Test Pit 
Number 

TPll 

TP13 

TP14 

IDAHO- MARYLAND MINE SURFACE IMPROVEMENTS 
NEV ADA COUNTY, CALIFORNIA 

TEST PIT LOGS 

Depth (Feet) Description 

0 - 2 ½ SILTY SAND (SM), gray, loose, very moist, fine grained sand, 
(FILL, TAILINGS) 

2½-10 

0-1 

1-5 ½ 

0-1 

1-6½ 

GABBRO, gray and white, weak, crushed, deeply weathered 

Bottom at IO feet. 
No groundwater encountered. 

CLAYEY SAND, reddish brown, loose, moist, low plasticity, fine 
grained sand and gravel, (FILL, TAILINGS) 

GABBRO, dark gray, moderately strong, closely spaced fractures, 
medium weathering, iron oxide mineralization along fracture 
surfaces 

At 4 V2 feet grades moderately strong to strong, medium spaced 
fractures, medium weathering 

Bottom at 5 ½ feet. 
No groundwater encountered. 

SIL TY CLAY (CL), brown, soft, moist, with fine grained sand, low 
plasticity, (FILL, TAILINGS) 

GABBRO, white and green, weak, crushed, deeply weathered 
(albite rich, highly altered with chlorite) 

[DIABASE Vein at 3 V2 feet, brown, medium strong, closely spaced 
fractures, medium weathering 1 '-2' wide] 

Bottom at 6 ½ feet. 
No groundwater encountered. 

Logged By: M. Turner 
Project No. 7645.5.001.0 I 
Logged Date: 01/31/07 



Test Pit 
Number 

TPI5 

TP16 

TP17 

IDAHO- MARYLAND MINE SURFACE IMPROVEMENTS 
NEV ADA COUNTY, CALIFORNIA 

TEST PIT LOGS 

Depth (Feet) Description 

0 - 1 ½ SANDY CLAY (CH), tan and reddish brown, medium stiff, moist, 
medium plasticity, fine grained sand with gravel, (FILL, 
TAILINGS) 

I ½-5 ½ 

0-3½ 

GABBRO greenish brown, moderately strong, moderate to deeply 
weathered 

Bottom at 5 ½ feet. 
No groundwater encountered. 

SANDY SILT (ML), brown, soft, moist, fine grained sand, with 
organics and rock, (FILL, TAILINGS) 

3 ½ -5 SANDY GRAVEL (GM), greenish white, loose, moist, (FILL) 

5-6 SIL TY CLAY ( CL), reddish brown, medium stiff, moist, with fine 
grained sand 

6 - IO GABBRO, weak, crushed, deeply weathered. 

1 ½-2 ½ 

Bottom at 10 feet. 
No groundwater encountered. 

SANDY GRAVEL (GM), greenish brown, loose, moist, fine to 
medium sand, (FILL, TAILNGS) 

SILTY SAND ( SM), tan, loose, moist, fine to medium sand, 
(FILL, TAILINGS) 

SILTY CLAY (CL), reddish brown, medium stiff, moist, with fine 
grained sand, with gravel and cobble 

Logged By: M. Turner 
Project No. 7645.5.001.0 I 
Logged Date: 01/31/07 
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Test Pit 
Number 

TP18 

TP19 

IDAHO- MARYLAND MINE SURFACE IMPROVEMENTS 
NEV ADA COUNTY, CALIFORNIA 

Depth (Feet) 

2 ½- 10 

0 -1 

l -3 ½ 

3 ½- 10 

0 -1 

TEST PIT LOGS 

Description 

META-ANDESITE, moderately strong, closely spaced fractures, 
moderate weathering 

At 5 ½ feet, becomes medium spaced fractures 

Bottom at 10 feet. 
No groundwater encountered. 

SANDY SILT (ML), brown, soft, moist, fine grained sand, with 
organics, (FILL, TAILINGS) 

SIL TY CLAY ( ML), gray, soft, moist, moderate plasticity, (FILL, 
TAILINGS) 

At 3 ½ feet, perched groundwater encountered 

GABBRO, gray brown, weak, crushed, deeply weathered 

At 8 ½ feet grades friable 

Bottom at 10 feet. 
Perched groundwater encountered at 3 ½ feet. 

SIL TY SAND (SM), reddish brown, loose, moist, fine grained 
sand, (FILL, TAILINGS) 

I - 6 CLAY (CL), light gray, very soft, moist moderately plasticity, 
(FILL, TAILINGS) 

At 1 foot, Sample collected for environmental testing 

At 4 feet, grades dark brown, with silt, organics, and fine grained 
sand 

Logged By: M. Turner 
Project No. 7645.5.001.01 
Logged Date: 01/31 /07 



IDAHO- MARYLAND MINE SURFACE IMPROVEMENTS 
NEV ADA COUNTY, CALIFORNIA 

Test Pit 
Number 

TP21 

Depth (Feet) 

6-11 ½ 

0-1 

1-4½ 

4 ½- 11 

Logged By: M. Turner 
Project No. 7645.5.001.0 I 
Logged Date: 01/31/07 

TEST PIT LOGS 

Description 

At 4 feet, Sample collected for environmental testing 

At 5 feet, Sample collected for environmental testing 

GABBRO, greenish white, weak, crushed, deeply weathered 

Bottom at 11 ½ feet. 
No groundwater encountered. 

SANDY SILT ( ML), brown, loose, moist, fine grained sand with 
gravel and cobble, (FILL, TAILINGS) 

SANDY GRAVEL (GM), brown, loose, moist, fine grained sand 
with cobble and organics, (FILL) 

META-ANDESITE, gray brown, weak, crushed, deeply weathered 

Bottom at 11 feet. 
No groundwater encountered. 



APPENDIXB 
LABORATORY TEST DATA 

Liquid and Plastic Limits Test Report 
Unconfined Compression Test (2 pages) 

Particle Size Distribution Report (14 pages) 
R-Value Test Report (2 pages) 

Direct Shear Test Report (4 pages) 
Expansion Index Test Report 

Analytical Results of Soil Corrosion 
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LIQUID AND PLASTIC LIMITS TEST REPORT 

/ 
Dashed line indicates the approximate / 
upper limit boundary for natural soils ~"---+-----,,/ 

20 

SOURCE SAMPLE 
NO. 

GEX B22@21 

GEX 823@3.5 

GEX 828@0 

GEX TP2@l 

GEX TP15@0 

GEX TP17@2 

GEX TP19@2 

ENGEO, Inc. 

Rocklin CA 

30 

DEPTH 

21 feet 

3 l/2 feet 

Surface 

I feet 

Surface 

2 feet 

2 feet 

/ 

/ 

... 

MH or OH 

40 50 60 70 80 90 
LIQUID LIMIT 

SOIL DATA 
NATURAL 
WATER PLASTIC LIQUID PLASTICITY 

CONTENT LIMIT LIMIT INDEX 
(%) (%) (%) (%) 

29 48 19 

28 47 19 

24 43 19 

24 34 IO 

17 52 35 

23 33 10 

31 48 17 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro ect No.: 7645.5.001.01 Fi ure 

100 110 

uses 

ML 

ML 

CL 

ML 

CH 

CL 

ML 



UNCONFINED COMPRESSION TEST 
4000 

'+- 3000 ti) 

Q_ 

ti) 

ti) 

(IJ 

I.. 
-+-' 
(f) 

(IJ I/ ~ :> 

~ 
·-ti) 

ti) 

(IJ 

I I.. 
Q_ 1 E 
0 1000 

2000 

u 

0 
0 2 4 6 8 

~, Axial Strain, % 

SAMPLE NO.: 1 

Unconfined strenqth, psf 2531 

Undrained shear strenqth, psf 12E,E, 

FaiL.1re strain, % 3.8 

Strain rate, %/min 2.79 

Water content, % 13.E, 

Wet densit4, pcf 121. 2 

Dr4 densit4, pcf 105.7 

Saturation, % 55.5 
I 
I 

Void ratio 0.5510 

Specimen diameter, in 2.42 

Specimen heiqht, in 4.80 I 
I 

Heiqht/diameter ratio 1. 98 
Description: Brown s i I t!:l sand CSM) 

I I GS= 2.E,5 j T!:jpe: In situ I 
P~ojecl No.: 7645.5.001.01 CI i ent: 

Date: 2/2/07 

Remarks: Project: ldaho-Mar!:jland Mine Reopening 

Assumed Specific 
Location: 820@10.5 

('9' 1Gravit!:j 

UNCONFINED COMPRESSION TEST 

Fig. No.: -- ENGEO, INCORPORATED 



J UNCONFINED COMPRESSION TEST 
8000 

4- 6000 Vl 
Q_ 

Vl 
Vl 
llJ 
L 

+> 
(Jl 

4000 
llJ 
) 

Vl 
Vl 
llJ 
L 
Q_ 

E 
0 2000 
u 

0 
0 2 4 6 8 

~1 
Axial Strain, % 

SAMPLE NO.: 1 

Unconfined strencith, psf 518g 

Undrained shear strenqth, psf zsgs 

Failure strain, % 3.6 

Strain rate, %/min 

Water content, % z:. 7 I 
Wet densit4, pcf 120.g 

Dr4 densitl.l, pcf gg,3 

Saturation, % 86. "1 

Void ra:.io 0.6657 

Specimen diameter, in 2.42 I 
Specimen heiqht, in 5.50 

Heiciht/diameter ratio 2.27 
Descript.ion: Reddish brown Si It~ c I a!:! CCU 

I I GS= 2.65 l T~pe: In situ 

Pr-o ject No.: 7645. 5. 001. 01 CI ient: 

Date: 2/2/07 

Remarks: Project: Idaho-Mar!:jland Mine Reopening 

l/2 cla~ and l/2 s i It 
Location: 822@15.5 

~ 1 

UNCONFINED COMPRESSION TEST 

Fig. No.: -- ENGEO? INCORPORATED 
i 
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Particle Size Distribution Report 
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100 10 

%Gravel 
- Coarse~] Fine 

2.6 I I.I 

0 ;; 

I ~I 
I I I I I 

,.-......,,1 I I I I 1 JJ j 
- - iJI I I 1! I ! I' ·-· ···~ ~ ---·-·· 
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I 
0.1 0.01 

GRAIN SIZE - mm. 
%Sand % Fines 

Coarse 1-- --

Medium Fine Slit 

1.4 I 7.7 33.9 53.3 

SIEVE PERCENT SPEC.* PASS? Soll Description 
Reddish brown sandy clay SIZE FINER 

1.5 100.0 
1 98.3 

.75 97.4 
.375 96.9 
#4 96.3 

#JO 94.9 
#20 91.9 
#40 87.2 
#60 81.2 
#140 59.6 
#200 53.3 

. 

PERCENT (X=NO) 

PL= 
Atterberg Limits (ASTM D 4318) 

LL= Pl= 

USCS= CL 

0 85= 0.3291 
030= 
Cu= 

Date Tested: 

Classification 
AASHTO= 

Coefficients 
050= 0.1080 
015= 
Cc= 

Tested By: 

Remarks 

(no spec11ication provided) 

Sample No.: B4@1 
Location: 

Source of Sample: GEX 

Title: 

Date Sampled: 

Checked B : 

ENGEO, Inc. 

Rocklin CA 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro ect No: 7645.5.001.01 

Elev./Depth: I feet 

Fl ure 

-

~ 

--

~-

-~-

- -

0.001 

----

Clay 
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Particle Size Distribution Report 
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CD 
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30 --~- l 
I 
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20 ' 
-~--

' 
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! ~I 10 
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I 
0 

100 10 0.1 0.01 0.001 

GRAIN SIZE - mm. 
%Gravel 

%+3" 
Coarse J-----.=ine Coarse I 

0.0 0.0 0.0 0.0 

%Sand 
Medium 

20.8 

Fine 

27.8 

%Fines 
Slit 

39.6 

~-] Clay 

I 11.8 

SIEVE PERCENT SPEC." 

SIZE FINER PERCENT 
#JO 100.0 
#20 90.6 
#40 79.2 
#60 73.2 
#140 55.9 
#200 51.4 

w 

PASS? 

(X=NO) 
Soil Description 

Reddish brown sandy silt 

PL= 
Atterberg Limits (ASTM D 4318) 

LL= Pl= 

USCS= ML 

0 85= o.6135 
D30= 0.0169 
Cu= 

Date Tested: 

Classification 
AASHTO= 

Coefficients 
0 60= 0.1334 
015= 0.0034 
Cc= 

Tested By: 

Remarks 

050= 0.0694 
010= 

(no spec1fica11on provided) 

Sample No.: B4@3 
Location: 

Source of Sample: GEX Date Sampled: 

Checked B : 

ENGEO, Inc. 

Rocklin CA 

Title: 
Client: 
Project: Idaho-Maryland Mine Reopening 

Pro·ect No: 7645.5.001.01 

Elev./Depth: 3 feet 

Fi ure 
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Particle Size Distribution Report 
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100 

%+3" 

0.0 

10 

%Gravel 
Coarse ,--Fine 

25.4 16.1 

GRAIN SIZE - mm. 
%Sand 

Coarse Medium 

12.5 15.1 

0.1 

Fine 

12.7 

0.01 

%Fines 
Slit 

18.2 

i I I 

SIEVE PERCENT SPEC_- PASS? Soll Description 
Reddish brown sandy gravel with silt SIZE FINER 

1.5 100.0 
1 76.9 

.75 74.6 
.375 71.3 
#4 58.5 

#10 46.0 
#20 36.6 
#40 30.9 
#60 26.5 
#140 20.1 
#200 18.2 

. 

PERCENT (X=NO) 

Atterberg Limits (ASTM D 4318) 
LL= Pl= PL= 

USCS= GM 

085= 30.4607 
D30= 0.381 I 
Cu= 
Date Tested: 

Classification 
AASHTO= 

Coefficients 
D50= 5.1313 
D15= 
Cc= 

Tested By: 

Remarks 

D50= 2.7446 
D10= 

(no specification provided) 

Sample No.: B6@1 
Location: 

Source of Sample: GEX 

Title: 

Date Sampled: 

Checked B : 

ENGEO, Inc. 

Rocklin CA 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro ect No: 7645.5.001.01 

Elev./Depth: I feet 

Fl ure 

0.001 

Cla 
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Particle Size Distribution Report 
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100 10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. 
%Gravel 

%+3" 
- Coarse I Fine 

%Sand 
Coarse! Medium-- . Fine 

% Fines 
Slit 

0.0 13.9 12.5 7.3 I 10.1 26.0 29.6 

SIEVE PERCENT 
SIZE FINER 

l 100.0 
.75 86.1 

.375 81.2 
#4 73.6 

#IO 66.3 
#20 59.5 
#40 55.6 
#60 52.5 

#140 37.4 
#200 29.6 

. 

SPEC.* PASS? 
PERCENT (X=NO) 

Soil Description 
Reddish brown silty sand with gravel 

Atterberg Limits (ASTM D 4318) 
PL= LL= Pl= 

USCS= SM 

0 85= 15.6973 
030= 0.0764 
Cu= 

Date Tested: 

Classification 
AASHTO= 

Coefficients 
050= 0.9076 
015= 
Cc= 

Tested By: 

Remarks 

D50= 0.2044 
010= 

(no specification provided) 

Sample No.: B9@1 
Location: 

Source of Sample: GEX Date Sampled: 

Checked B : 

ENGEO, Inc. 

Rocklin CA 

Title: 
Client: 
Project: Idaho-Maryland Mine Reopening 

Pro·ect No: 7645.5.001.01 

Elev./Depth: I feet 

Fi ure 

I Cla 
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Particle Size Distribution Report 
.5 c: ··5 ·C:: <=·5 o ooo o 8~8 
'°~~~;~~~a; - ~~;t I;;~ 

1:: 1"""7"---,l=----.. ..:. .. .:.... 'T"'T"-i-...;...-iil.;.......:~.;:... .. "TT-= .. :.__.--c;T>-_-_---r<J~ ..,._~.;;:..,--{]~ --,.,(J_b--f=:-_ -T~~~.~~1-+r_-_-_-+r-__ --.-_.-. r;----.--, 

I I i I I I 1 

I I I ! I I 

80 t -j- . .. -- h----r-~---.--,....__ . .,..__ ___ . ···~---+---+--~~+-- --
I 

! I I i ' · 

70 - : . . . i : : - -jjj. 1\-u,.~;--------t-~-- ---- -· .. 
601~1 ~·~1;___' ~I I ----+------+---~1:1~ I, ~~, +--+-----+---~I ~ 

I 1
1 

! :j i I I 
1 1 11 i I ! ! j 

50~--~, ---+-t-+-----.~,---,.,-+-'---+---il---iM,~; ;_..i ......;......,-;---.,--,----,-,+----+-+---+----++-I ------,1--i 

I 
40 I 

I I i 11 I I 
I I : I 1 ! I 1 / , 

I I i ii: I I 
I I 

30 -- --· · · ... l j .. • .... -----1-.-------.--t-------

I I I 
l J I I I q 

20 -~~---·-7- - - . .. . i T . .. --- -i ·- i-• --,-~-----.-I ~1·· --· ·--- --~-- --·-· 

I I I I I I 
10 -~----_ _] __ ··-···- l .I.. ·- ·--- __ I .,____, __ ~1"-+--1 __ + _ _, ___ . 

I i I I I I 
I I' I ' I I I 

0 L-1.--....i......,.,,..,,..._.......r._.L;.._.....:;._,, --,-!,--I...L...-..I--...J....-...;lu.u...1..-1.....1.......1..._....1..-+,' ,!------1....J...-.....J...-~~ ..... --...J....,::-=~ 
100 10 1 0.1 0.01 0.001 

%+3" 
%Gravel 

Coarse Fine 

0.0 0.0 0.0 

GRAIN SIZE - mm. 
%Sand 

Coarse Medium 

0.0 0.0 
Fine 

31.3 

% Fines 
Slit 

68.7 

SIEVE PERCENT SPEC.* PASS? Soil Description 
Light brown sandy silt SIZE FINER PERCENT (X=NO) 

#10 100.0 
#20 100.0 
#40 100.0 
#60 99.9 
#140 80.l 
#200 68.7 

. 
(no spec1ficatton provided) 

Sample No.: BI 0@5 Source of Sample: 
Location: 

Checked B : 

ENGEO, Inc. 

Rocklin CA 

Atterberq Limits {ASTM D 4318) 

GEX 

Title: 
Client: 

PL= 

USCS= ML 

0 85= 0.1238 
030= 
Cu= 

Date Tested: 

LL= Pl= 

Classification 
AASHTO= 

Coefficients 
D50= 
D15= 
Cc= 

Tested By: 

Remarks 

D50= 
D10= 

Date Sampled: 
Elev./Depth: 5 feet 

Project: Idaho-Maryland Mine Reopening 

Pro ect No: 7645.5.001.01 Fl ure 

Cla 
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0.1 0.01 

GRAIN SIZE - mm. 
%Sand % Fines 

%+3" - - ----------

Coarse Fine Coarse Medium Fine Slit 

0.0 0.0 0.0 

SIEVE PERCENT SPEC.* PASS? 
SIZE FINER PERCENT (X=NO) 
#10 100.0 
#20 99.6 
#40 98.9 
#60 98.7 
#140 93.8 
#200 92.2 

- (no specification provided) 

o.o I 1.1 6.7 92.2 

Soll Description 
Gray silt 

Atterberg Limits {ASTM D 4318) 
PL= LL= Pl= 

uses= ML 

0as= 
D30= 
Cu= 

Date Tested: 

Classification 
AASHTO= 

Coefficients 
D50= 
D15= 
Cc= 

Tested By: 

Remarks 

D50= 
D10= 

Sample No.: B12@3 Source of Sample: GEX Date Sampled: 

.. -----

-•-

Location: Elev./Depth: 3 feet 
Checked B : Title: 

ENGEO, Inc. 

Rocklin CA 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro ect No: 7645.5.001.01 Fl ure 

----- -

-

0.001 

Cla 



0::: 
w z 
u:: 
1-z 
w 
~ 
w 
a. 

.s 
<O 

100 I 
I I 

Particle Size Distribution Report 
C: 

.5 .5 i • C: C .6 
C ·- - a) 
~ ~ M 

so-~ j __ , .... _:NII:~.~ -_ 1! ! 1_ i!I::: 
l~i 

I 
I 

80 ~- f I 

I !~ 1: I : :---,-i. 

ii i I i 
I 

--~! j I 

70 - --

60 

I 
I 

I I 
I 

i I, I 

I I 

I 
I 
I 
I 
I 

-7 .. i I ~ - I 1-7 . I I 

~ ! 1: l't) ~ ·. ' I J_i__J_J-+l _,-+--+---:---t---:-++-----+------i 

1 1"JI I/ : !/ 
I I 

S0l--i-------1--'-~---4-----+--l---'---+-~--++l'~-1-.,_ __ 1----.-+---+-'--~--+-+------+--1 
; 

1 
: :, ·:1 f'rc, I · ; ; I , ! I 

I ; I I ,iii~ Iii 401---1-----'---I -----l-l~-_.,_,! _ ____!.l-+-+----+---~,11+4-......:-+-µI ..... ~.---'--,---'--I'--, -~l---+---++------.----1 

I I I I I ' 
30 :~-l:i --i :~;;; ' i 1-· ' : iJ : -; i7 : :-~- --

1 I I I : ! I 
20·-+------- i~-...... -~ r ~ ·--~ .r ·• --- r 1~· · --~ ----·-.--r 

i I !i i I I I I, I :: I I-' I I I I' I ' ! 
I 

1

o,-~- :~-· ~1- : : 1

1 

~i- 1,i I ; :-: . ; 
01...J.--....1..--,-,,~..J...l...1--......U..-~---I...J.--..l...-....1---+,-J.:...... ........ ...._.:..,__~~-....... .:......-------=-~.....i...-------~=' 

100 10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. 
%Gravel %Sand 

%+3" 
Coarse Fine Coarse Medium Fine 

%Fines 
Silt 

0.0 5.7 22.4 10.7 15.9 14.7 30.6 

SIEVE PERCENT 
SIZE FINER 

I 100.0 
.75 94.3 

.375 83.2 
#4 71.9 

#10 61.2 
#20 51.7 
#40 45.3 
#60 40.9 
#140 33.1 
#200 30.6 

w 
(no spec1ficat10n provided) 

SPEC.* PASS? 

PERCENT (X=NO) 
Soil Description 

Brown silty sand with gravel 

Atterberg Limits (ASTM D 4318) 
PL= LL= Pl= 

Classification 
USCS= AASHTO= 

Date Tested: 

Coefficients 
D50= 1.7952 
D15= 
Cc= 

Tested By: 

Remarks 

050= 0.7174 
D10= 

Sample No.: 820@7 Source of Sample: Native Date Sampled: 1/23/07 
Elev./Depth: 7 feet Location: 

Checked B : Tltle: 

ENGEO, Inc. 

Rocklin CA 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro ect No: 7645.5.001.01 Fi ure 

Clay 
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100 10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. 
%Gravel %Sand 

%+3" 
Coarse Fine Coarse Medium Fine 

%Fines 
Slit 

0.0 3.0 8.9 12.2 30.6 22.7 22.6 

SIEVE PERCENT 
SIZE FINER 

1 100.0 
.75 97.0 
.375 95.3 
#4 88.l 
#10 75.9 
#20 59.5 
#40 45.3 
#60 36.9 
#140 25.4 
#200 22.6 

w 

(no spec11ica11on provided) 

SPEC.* PASS? 
PERCENT (X=NO) 

Soil Description 

Reddish brown silty sand with some gravel 

PL= 
Atterberg Limits (ASTM D 4318) 

LL= Pl= 

USCS= SM 

Das= 3.7619 
D30= 0.1561 
Cu= 
Date Tested: 

Classification 
AASHTO= 

Coefficients 
Dao= o.s112 
D15= 
Cc= 

Tested By: 

Remarks 

D50= 0.5431 
D10= 

Sample No.: B22@4 Source of Sample: Native Date Sampled: 1/23/07 
Elev./Depth: 4 feet Location: 

Checked B : Title: 

ENGEO, Inc. Client: 
Project: Idaho-Maryland Mine Reopening 

Rocklin CA Pro·ect No: 7645.5.001.01 Fi ure 

Cla 
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%+3" 
%Gravel 

Coarse Fine 

0.0 0.0 0.0 

GRAIN SIZE - mm. 
%Sand 

Coarse I- Medium 

0.1 17.0 
Fine 

79.6 

% Fines 
Slit 

3.3 

SIEVE PERCENT SPEC.* PASS? Soil Description 
SIZE FINER 
.375 100.0 
#4 100.0 

#10 99.9 
#20 99.7 
#40 82.9 
#60 40.0 
#140 5.9 
#200 3.3 

- (no specification provided) 

PERCENT (X=NO) Gray sand 

Atterberq Limits (ASTM D 4318) 
PL= LL= Pl= 

USCS= SP 

0 85= 0.4399 
D30= 0.2160 
Cu= 2.38 

Date Tested: 

Classification 
AASHTO= 

Coefficients 
D50= 0.3170 
D15= 0.1577 
Cc= I.I I 

Tested By: 

Remarks 

D50= 0.2826 
D10= 0.1330 

Sample No.: B23@26 Source of Sample: GEX 

Title: 

Date Sampled: 
Location: 

Checked B : 

ENGEO, Inc. 

Rocklin CA 

Elev./Depth: 26 feet 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro·ect No: 7645.5.001.01 Fi ure 

Clay 
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%+3" 
%Gravel 

- Coarse--] Fine 

0.0 0.0 0.0 

GRAIN SIZE - mm. 
%Sand 

Coarse! Medium 

o.o I 15.9 
Fine 

29.4 

% Fines 
Slit 

47.5 

SIEVE PERCENT SPEC.* PASS? Soil Description 
Reddish brown sandy silt SIZE FINER 

#IO 100.0 
#20 92.5 
#40 84.1 
#60 83.7 
#140 60.0 
#200 54.7 

- (no spec1fica11on provided) 

PERCENT (X=NO) 

Atterberg Limits (ASTM D 4318) 
PL= LL= Pl= 

USCS= ML 

0 85= 0.4987 
D30= 0.0171 
Cu= 34.87 

Date Tested: 

Classification 
AASHTO= 

Coefficients 
D50= 0.1061 
D15= 0.0051 
Cc= 0.91 

Tested By: 

Remarks 

D50= 0.0618 
D10= 0.0030 

Sample No.: 826@3.5 Source of Sample: GEX Date Sampled: 
Location: 

Checked B : Title: 

ENGEO, Inc. 

Rocklin CA 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro·ect No: 7645.5.001.01 

Elev./Depth: 

Fl ure 

I 1.2 
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%+3" 
Coarse - I Fine CoarseT 

%Sand 
Medium Fine 

%Fines 
Slit 1c1a 

0.0 4.8 33.5 10.9 

SIEVE PERCENT SPEC.* PASS? 
SIZE FINER PERCENT (X=NO) 
1.5 100.0 
I 96.4 

.75 95.2 
.375 77.8 
#4 61.7 

#10 50.8 
#20 43.4 
#40 36.2 
#60 33.9 
#140 28.6 
#200 28.2 

- (no specification provided) 

Sample No.: 828@3.5 Source of Sample: GEX 
Location: 

Checked B : Title: 
Client: 

14.6 8.0 28.2 

Soil Description 
Reddish brown clayey gravel with sand 

Atterberg Limits (ASTM D 4318) 
PL= 

USCS= GC 

Ds5= 12.0675 
D30= 0.1382 
Cu= 

Date Tested: 

LL= Pl= 

Classification 
AASHTO= 

Coefficients 
D50= 4.2918 
D15= 
Cc= 

Tested By: 

Remarks 

D50= 1.8224 
D10= 

Date Sampled: 
Elev./Depth: 3 1/2 feet 

ENGEO, Inc. 
Project: Idaho-Maryland Mine Reopening 

Rocklin CA Pro·ect No: 7645.5.001.01 Fi ure 
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100 10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. 

%+3" 
%Gravel 

Coarse Fine - Coarse I 
0.0 0.0 0.0 o.o I 

SIEVE PERCENT SPEC.• PASS? 

SIZE FINER PERCENT (X=NO) 
#JO 100.0 
#20 100.0 
#40 99.9 
#60 99.9 
#140 98.4 
#200 95.2 

. 
(no spcc1ficat1on provided) 

Sample No.: TP2@1 Source of Sample: GEX 
Location: 

Checked B : Title: 

Client: 

%Sand 
Medium 

0.1 
Fine 

4.7 

% Fines --
Silt 

78.7 

Soll Description 
Gray silty clay 

Atterberg Limits (ASTM D 4318) 
PL= 24 LL= 34 Pl= 10 

USCS= CL 

085= o.0439 
030= 0.0044 
Cu= 

Date Tested: 

Classification 
AASHTO= A-4(10) 

Coefficients 
060= 0.0115 
D15= 0.0018 
Cc= 

D50= 0.0096 
010= 

Tested By: 

Remarks 

Date Sampled: 
Elev./Depth: I feet 

ENGEO, Inc. 
Project: Idaho-Maryland Mine Reopening 

Rocklin CA Pro ect No: 7645.5.001.01 Fi ure 

Clay 

16.5 
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GRAIN SIZE - mm. 

%+3" 
% Gravel -------

Coarse Fine 
%Sand 

Coarse Medium 
-

Fine 
%Fines 

------

Slit 

0.0 0.0 0.0 0.0 5.6 11.6 53.9 

SIEVE PERCENT SPEC.* PASS? Soil Description 
Reddish brown silty clay with sand SIZE FINER PERCENT (X=NO) 

#10 100.0 
#20 97.1 
#40 94.4 
#60 93.7 
#140 85.8 
#200 82.8 

w 

(no spcc1ficat1on provided) 

Sample No.: TP15@0 Source of Sample: GEX 
Location: 

Checked B : Title: 

Client: 

Atterberg Limits {ASTM D 4318) 
PL= 17 LL= 52 Pl= 35 

USCS= CH 

0 85= 0.0929 
D30= 0.0022 
Cu= 

Date Tested: 

Classification 
AASHTO= A-7-6(29) 

Coefficients 
060= 0.0204 
O1s= 
Cc= 

D50= 0.0085 
010= 

Tested By: 

Remarks 

Date Sampled: 
Elev./Depth: Surface 

ENGEO, Inc. 

Rocklin CA 

Project: Idaho-Maryland Mine Reopening 

Pro ect No: 7645.5.001.01 Fi ure 

0.001 

Clay 

28.9 
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GRAIN SIZE - mm. 
%+3" 

% Gravel % Sand % Fines 
Silt Coarse [ -Fi-ne-- Coarse Medium Fine 

0.0 0.0 I 5.6 13.2 13.S 16.2 30.1 

SIEVE PERCENT 
SIZE FINER 
.375 100.0 
#4 94.4 
#IO 81.2 
#20 73.4 
#40 67.7 
#60 63.8 
#140 54.9 
#200 51.S 

- (no spec1ficauon provided) 

SPEC.* PASS? 
PERCENT (X=NO) 

Soil Description 
Reddish brown sandy silt with clay 

Atterberg Limits (ASTM D 4318) 
Pl= 

USCS= ML 

D55= 2.5784 
D30= 0.0065 
Cu= 

Date Tested: 

LL= Pl= 

Classification 
AASHTO= 

Tested By: 

Remarks 

D50= 0.0641 
D10= 

Sample No.: TP16@5 Source of Sample: GEX 

Title: 

Date Sampled: 
Location: 

Checked B : 

ENGEO, Inc. 

Rocklin CA 

Elev./Depth: 5 feet 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro ect No: 7645.5.001.01 Fi ure 

Clay 

21.4 



PROJECT NAME: Idaho-Maryland Mine Reopen 

PROJECT NO. 7645.5.001.01 

SAMPLE LOCATION: B11@0-1 

SAMPLE DESCRIPTION: 
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CAL-301 
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ENGEO 
INCORPORATED 

REPORT DATE: 2/12/07 

TESTED BY: SEL 

SAMPLE DATE: Unknown 
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ENGEO Incorporated, 2213 Plaza Drive, Rocklin CA 95765 (916) 786-8883 



PROJECT NAME: Idaho-Maryland Mine Reopen 

PROJECT NO. 7645.5.001.01 

SAMPLE LOCATION: 812-Bulk 0-1' 

R-VALUE TEST DATA 
CAL-301 

SAMPLE DESCRIPTION: Gray very fine grained sand (SP) 
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ENGEO 
INCORPORATED 

REPORT DATE: 2/13/07 

TESTED BY: SEL 

SAMPLE DATE: 2/1 /07 
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C: 

- -0.005 
E 
L Dilalion 
0 

I/ .... 
11.r 0 

Q \_f - Consol. 
ro 
u 
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L 
11.r 
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0 0. 1 0.2 0.3 0.4 

Horiz. Di sp I., in 
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1500 
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- I Ill 
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11.r 
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ro 600 11.r 
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(J) 

300 

0 

3600 
RESULTS 

C, psf 40 7 

cp , deg 39.7 

<+- TAN Q 0.83 
1/) 

0.. 2400 

/ -(J) 
(J) / w 
Ct'. 

~ I-
(J) 

w / Ct'. 1200 ::J V _J 

/ ..... 
(I 
u.. 

V 
0 

0 1200 2400 

Normal Stress, psf 

SAMPLE NO.: 

WATER CONTENT, % 

~ DRY DENSITY, pcf 
~ SATURATION, % 

Z VOID RATIO 
DIAMETER, in 
HEIGHT in 
WATER CONTENT, % 

1- DRY DENSITY, pcf 
(J) 
w SATUR!=lTION, % 
I-

I- VOID RATIO 
<I DIAMETER, in 

HEIGHT. in 
NORMAL STRESS, psf 
FAILURE STRESS, psf 

1 2 

43.9 25.8 

85.0 95.1 

120.5 90.1 

0.984 0.773 

2.42 2.42 

1. 00 1. 00 

42.5 25.5 

88. 1 98.2 

125.5 96.2 

0.913 0.716 

2.42 2.42 

0.96 0.97 
1000 2000 
870 1700 

/ 

0 0. 1 0.2 0.3 0.4 DISPLACEMENT, in 0.09 0. 12 

Horiz. Di sp l., 

SAMPLE TYPE: In situ 
DESCRIPTION: Gra~ and brown 

silt and brown sand~ si It 

SPECIFIC GRAVITY= 2.7 

REMARKS: Assumed Specfic 

-, Gravit~; Pt A - si It 
Pt 8 - sand~ si It 

Fi 9. No.: 

in ULTIMATE STRESS, psf 
DISPLACEMENT, l n 

Strain rate, %/mln 

CLIENT: 

0.21 0.11 

PROJECT: Idaho-Mar~land Mine 

SAMPLE LOCATION: 310@3 

PROJ. NO.: 76~5.5.001.01 

DIRECT SHEAR TEST REPORT 

ENGEO, INCORPORATED 

V 

3600 

' 

I 
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300 HEIGHT, in 0.99 0.98 0.95 

NORMAL STRESS, psf 500 1000 2e00 I 

' 

0 FAILURE STRESS, psf 1171 1149 1794 

0 0. 1 0.2 0.3 0.4 DISPLACEMENT, in 0.08 0.14 0.34 

Hor-iz. Displ., in ULTIMATE STRESS, psf 
DI SPUKEMENT, in 

Strain rate, %/min 0. 16 0.13 0. 12 

SAMPLE TYPE: In situ CLIENT: I 

DESCRIPTION: Br-own s i It~ cla~ i 

CCU PROJECT: Idaho Mar~land Mine Reopen 

SPECIFIC GRAVITY= 2.7 SAMPLE LOCATION: B20@25.5 

REMARKS: Assumed Specfic 

'\ Gravit~ PROJ. NO.: 15..;s.s.001.01 DATE: 2/S/07 

DIRECT SHEAR TEST REPORT 

Fig. No.: ENGEO, INCORPORATED 
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WATER CONTENT, % 
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HEIGHT in 
WATER CONTENT, % 

1- DRY DENSITY, pcf 
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1-

I­
VO ID RATIO 
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FAILURE STRESS, psf 

60'3 / 
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1. 00 / 
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/ 
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2000 4000 

Normal Stress, psf 

1 2 3 
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76.7 89.5 87.1 
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2.42 2.42 2.42 

1. 00 1. 00 1.00 

24.1 25.6 24.9 
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500 1000 2000 

1068 1666 2583 

0 0. 1 0. 2 0. 3 0. 4 DISPLACEMENT, in 0.09 0.08 0. 10 

H . D' I • ULTIMATE STRESS, psf or1z. 1sp ., 1n 

SAMPLE TYPE: In situ 
DESCRIPTION: Reddish brown 

silt~ cla~ with fine gravel 

SPECIFIC GRAVITY= 2.7 

REMARKS: Assumed Specific 
Gravit~ 

Fi 9. No.: 

DISPLACEMENT, in 
Strain rate, %/min 0.15 0.12 0.10 

CLIENT: 

PROJECT: Idaho-Mar~land Mine Reopen 

SAMPLE LOCPTION: 822@16.0 

PROJ. NO.: 76~5.5.001.01 DATE: 2/12/07 

DIRECT SHEAR TEST REPORT 

ENGEO, INCORPORATED 
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SAMPLE NO.: 1 2 3 
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L 1500 .... 

'L 
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'I HEIGHT, in 0.99 0.98 0.95 
NORMAL STRESS, psf 500 1000 2000 
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Horiz. Displ., in ULTIMATE STRESS, psf 
DISPLACEMENT, in 
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' SAMPLE TYPE: In situ CLIENT: 

DESCRIPTION: Gra~ s i It~ sand 
with organics (wood pulp) PROJECT: Idaho-Mar~land Mine Reopen 

:1 
I 

SPECIFIC GRAVITY= 2.7 SAMPLE LOC~T ION: 323@7.5 I 

REMARKS: Assumed Spe-c if i c 

r"·· ' 
Gravit!:! PROJ. NO,: 7645.5.001.01 DATE: 2/13/07 

DIRECT SHEAR TEST REPORT 

Fi 9. No.: ENGEO., INCORPORATED ii 



EXPANSION INDEX TEST REPORT 
ASTM D4829 

PROJECT NAME: Idaho-Maryland Mine Reopen 

PROJECT NO. 7645.5.001.01 

Sample ID Soil Description 
Initial Dry Density Initial Moisture 

(pcf) Content(%) 

I B12@3 I Gray Silt (ML) I 97.2 I 12 I 
B26@3.5 Reddish brown sandy silt 82.1 16 (ML) 

B28@0 
Reddish brown silty clay 

101.5 10.5 with fine sand (CL) 

TP15@0 Reddish brown silty clay 100.3 11.2 with sand (CH) 

TP18@1.5 Gray silty clay (CL) 96.2 12 

11""19@2 Light gray silt (ML) 94.2 18.0 

CLASSIFICATION OF EXPANSIVE SOIL 

ENGEO 
INCORPORATED 

REPORT DATE: 2/15/07 

TESTED BY: SEL 

Final Moisture 
Expansion Index 

Content(%) 

31.4 I 68 I 
40.4 38 

25.9 68 

29.3 82 

30.4 54 

38.2 136 

Expansion Index Potential Expansion 

0-20 Very Low 
21-50 Low 
51-90 Medium 
91-130 High 

Above 130 Very High 

ENGEO Incorporated, 2213 Plaza Drive, Rocklin CA 95765 (916) 786-8883 



Wed, 14 Feb 2007 13:44:56 -0800 
06/22/2013 05:45 FAX 257 

Sunland Analytical 

To: Mike Turner 
Bngeo lnc. 
2213 Plaza Dr. 
Rocklin, CA 9S765 

11353 Pyrites Way, Suite 4 
Rancho Cordova., CA 95670 

(916) 852-8557 

Prom; Gene Oliphi.U1t, Ph.D. \ Randy Horney 1t,u1 
General Manager \ Lab Manager I 

I>ate Reported 
Date Submitted 

15 Received 
ldioo1 

02/13/2007 
02/09/2007 

The reported analysis was requested for Che fellowing location: 
Location 7645.s.001.01 Site ID: 'l'P3 $ s•. 

Thank you for your b~siness-

• Per future reference to this analysis please use SON# 49863-99387. 

BV'ALUAfION POR SOIL CORROSION 

Soil pH 7.53 

Minimum Resistivity 

Chloride 

Sulfate 

METHOJ)S 

0.83 

5.9 ppm 

113.4 ppm 

ohm-cm (:x1000) 

00.00059 % 

00.01134 \ 

pB and Min.Resistivity CA DOT Tese #643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 



Sunland Analytical 

'l'o: Mike Turner 
Engeo Inc. 
2213 Plaia Dr. 
Rocklin. CA 95765 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 95670 

(916) 852-85S7 

F:r:om: Gene Oliphant., Ph.:c>. \ Jlai,.dy Horney A~ 
General Manager \ Lab Manager 1~ 

Date Repo:rced 
Date Submitted 

02/13/2007 
02/09/2007 

'l'he reported analysis was requested for the following location: 
Location: 7645.5.001.01 Site ID: TP18@ 1.5 1 • 

Thank you for your busine~s. 

* 7or future refereu~e to this analysis please use SUN# 49863-99388. 

BVALUATION FOR SOIL CORROSION 

Soil pH 8.15 

Minimum Resistivity 

Chloride 

Sulfate 

METHODS 

s.90 Omll•CDl (x1000) 

14-2 ppm 

30.4 ppm 

00. 00142 Iii 

00.00304 % 

pH and Min.Resistivity CA DOT Test #643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 



Sunland Analytical 

To; Mike 'l'ul:'Der 
Engeo Inc. 
2213 Plaza Dr. 
Rocklin, CA 95765 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 9S670 

(916) 852-8557 

From: Gene Oliphant, Ph.D. \ Randy llo-rn.ay ,1/~ 
General Manager \ Lab Manager Iv 

Date Reported 02/13/2007 
Date Submitted 02/09/2007 

The reporte~ analysis was requested for the following location: 
Location 7645.5,001.01 Site ID I B24@ 3,5 1 • 

Thank you for yo~r business. 

* ~or future reference to this analysis please use SUN# 49863~99389. 

----·---------M·--------------~--·---------------------------------------------
EVALOATIOll POR SOIL CORROS:CON 

Soil pH Ei .16 

Minimum Resisti~ity 

Chloride 

Sulfate 

MBTBODS 

2.95 ohm-CJD (xl00D) 

11.3 ppm 

12.6 ppm 

00.00l.13 Ii 

00.00126 % 

pK and Min.Resistivity CA DOT ~est #643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 



~ : ~ 

Sunland Analytical 

l'o: Mike TU.mar 
Engao Inc. 
2213 Plaza Dr. 
Rocklin, CA 95765 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 9S670 

(916) 8S2M8557 

Prom: Gene Oliphant, Ph.D.\ Randy Horney41,~ 
General ~anager \ Lab Manager (vv 

Date Reported 02/13/2007 
Date Sublnicced 02/09/2007 

The reported analysis was requested for the following location: 
Location: 7645.s.001.01 Site ID: B25@ O. 

Thank you for your business. 

* For future reference to this analysis please ~sa SON# 4~863-99390. 

EVALUAl'ION FOR SOlL CORROSION 

Soil pH 5.60 

Minimum Resistivity 

chloride 

Sulfate 

METHODS 

5.36 obm-c:m (xl000) 

16.1 ppm 00.00161 Iii 

0.8 ppm 00.00008 Iii 

pK and Min.Resistivity CA DOT ~est #643 
Sulfate CA DOT Test #417, Chloride CA .DOT Test #422 



Sunland Analytical 

To, Hike Turner 
B:ngeo Inc. 
2213 Plaza Dr. 
Rocklin, CA 95765 

I 13S3 Pyrites Way, Suite 4 
Rancho Cordova, CA 9S670 

(916) 8S2-8557 

Prom: Gene Oliphant, Ph.D. \ Rantiy Horney 4 1 
General Manager \ Lab Manager~· 

Date Reported 
Date Submitted 

D2/13/2007 
02/09/2007 

The ~eported analysis was requested for t~e following location; 
Location: 7645.5.001.01 Site ID; B27@ o. 

Thank you for your business. 

* For future reference to tbis analysis please use StJN # 49863-99391. 

EVAt.UATION FOR SOIL CORROS~ON 

Soil pH 6.09 

MiniJoum Resistivity 

Chloride 

Sulfate 

tmTHODS 

5.90 obm-CJII. (xl000) 

9.6 ppm 

4.5 ppm 

00.00096 % 

00.00045 % 

pB and Min.Resistivity CA DOT Test i643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 



Sun"land Analytical 

To: Mike Turner 
Bngeo Inc. 
2213 Pla2:a Dr. 
Rocklin, CA 95765 

1 J 353 Pyrites Way, Suite 4 
Rancho Cordova. CA 95670 

(916) 852-8557 

Frcmu Gene Oliphant, Ph.D. \ Randy Horney// ,A 
General Manager \ Lab Manager [V 

Date Reporl:ed 
Date Submitted 

02/13/2007 
02/09/2007 

The reported analysis was requested for the following location: 
Local:ion: 7645.5.001.01 Site ID: B28@ 6.5 1 • 

Thank you for your business. 

• For future reference to this analysis please use SUN# 49863-99392. 

BVALtJA'l'IOH FOR SOIL CORROSION 

SoU pH 7.77 

Minimum Resistivity 

Chloride 

Sulfate 

METHODS 

3.22 o:tm.-cm (zl.000) 

12.6 PPII' 

s.s ppm 

00.00126 !Is 

oo.oooss ' 

pH and Min.Resistivity CA DOT Test #643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 



To: Mike Turner 
Bngeo :enc. 
2213 Plaza Dr. 
Rocklin, CA 

Sunland Analytical 

95765 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 9S670 

(916) 852-8557 

Date Reported 02/13/2007 
Date Submitted 02/09/2007 

Prom: Gene Ol.iphant, Ph.D. \ Randy Korney~ 
General Manager \ Lab Manager I 

The reported analysis was requested for the following location: 
Location: 7645.5.001.01 Site ID; ~29@ 3 1

• 

Thank you for your business. 

• Por future reference to this analysis please use SUN# 49863•99393. 

EVALUATION FOR SOIL CORROSION 

Soil pH 7.28 

Minimum Resistivity 

Chloride 

Sulfate 

METHODS 

4.29 ob.JD-cm (:x.1000) 

7.6 ppm 

1.6 ppm 

00.00076 !Is 

00.00016 !Is 

pH and Min.ReeiutiYity CA J)()T Test #643 
Sul.fate CA DOT Test #417, Chloride CA DOT Test #422 



Sunland Analytical 

To: Mike Turner 
Engeo Inc. 
2213 Plaza Dr. 
Rocklin, CA 95765 

11353 Pyrites Way, Suite 4 
Rancho Cordova. CA 95670 

(916) 852-85S7 

From: Gene Oliphant, Ph.D. \ Randy Horney A~ 

General Manager \ Lab Manager fV-

Dat.e Reported 
Date Submitted 

02/13/2007 
02/09/2007 

'l'he reported analysis was requested for the following lo~ation: 
Location: 7645,5.001.01 Site ID: B12 e 10•. 

Thank. you for your business. 

* For future reference to this analysis please use SUN# 49863-99394. 

EVALUATION ~OR SOIL CORROSION 

Soil pH 6.96 

Mini1ll\Ull Resistivity 

Chloride 

S\\lfate 

METHODS 

2.95 ohm-c:m (zl000) 

4,2 ppm 

42 .2 ppm 

00.00042 It 

00.00422 % 

pK and Min.Resistivity CA DOT Test #643 
Sulfate CA DOT ~eat #417, Chloride CA DOT Test #422 



Sunland Analyncal 

To: Mike Turner 
Bngeo :Inc. 
2213 Plaza Dr. 
Rocklin, CA 95765 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 95670 

(916) 852-8557 

ti.-om: Gene Oliphant. Ph,D. \ ~dy Horn.eyAhl 
General Manager \ Lab Manager·r-

Date Reported 
Date Sul)mitted 

02/l.3/2007 
02/09/2007 

'l'he reported analysis was requested for the following location: 
Location: 7645,5.001.01 Site ID: BS@ 3 1 • 

Thank you £or your business. 

* Par future refere~ce to this analysis please use SUN# 49864-99395. 
---------------4·-------~-------·---------------------------~------------------

EVALUATION YOR SOIL CORROSION 

Soil pH 7.62 

llin:i.nn.mt Resistivity 

Chloride 

Sulfate 

METHODS 

2.68 ohm-C11l (xl000) 

4.6 ppm 

32.9 ppm 

00.00046 % 

00.00329 % 

pB and Min.Resistivity CA DOT Test #643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 



Sunland Analytical 

'l'o: Mike Tu:r:ner 
Engeo I.nc. 
2213 Plaza Dr, 
Rocklin, CA 9576S 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 95670 

(916) 852-85S7 

From: Gene Oliphant, Ph,D, \ Randy KorneyA.J 
General Manager \ La.b Manager 'P~ 

Date Reported 
Dat:e Submit:t:ed 

02/13/2007 
0210,12001 

The reported analysis was requested for the following location: 
Loaation 7645.S,001,01 Site ID: BS 0 3 1 • 

Thank you for your business, 

* Por future reference to this analysis please use SUN# 49B64-99396. 

EVALUATION FOR SOI~ CORROSION 

Soil pH 7.02 

Minimum Resistivity 

Chloride 

Sulfate 

METHODS 

0.88 obm-cm (2t100D) 

8.5 ppm 

206.2 ppm 

00.00085 115 

OO.D2062 115 

pH and Min.Resistivity CA DOT Test #643 
Sulfate CA DOT Test #417, Chlo~ide CA DOT Test #422 



Sunland Analytical 

To, Mike Turner 
Engeo Inc. 
2213 Plaza Dr. 
Rocklin, CA 95765 

113S3 Pyrites Way, Suite 4 
Rancho Cordova. CA 95670 

(916) 852-8S57 

Prom: Gene Oliphant, Ph.D. \ Randy Borney,1 ti 
General Manager \ tab Manager -f-' 

Date Reported 02/13/200? 
Date Submitted 02/09/2007 

'l'he reported analysis was requested for the following location: 
Location: 7645.5.001.01 Site ID; B2B@ 2•. 

Thank you for your buainess. 

• For future reference to this analysis please use S'ON # 49864-99397. 

----~-------------~----------------------------------·-------------------------
EVALUATION FOR SOIL CORROS~ON 

Soil pH 6.54 

Minimum Resistivity 

Chloride 

Sulfate 

ME'J:HODS 

3.48 ohm-cm (xlOOO) 

6.3 ppm 

5. 7 ppm 

00.00063 % 

00.00057 % 

pH and Min.Resistivity CA DOT Test #643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 



Sunland Analyncal 

To: Mike Turner 
Bngeo Inc. 
2213 Plaza Dr. 
Rocklin, CA 9S765 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 95670 

(916) 8S2-8557 

From: Gene Oliphant, Ph.D. \ Randy Horney ,.,i 
General Manager \ Lab Manager 1v-

])ate Reported 
Di,te Submitted 

02/13/2007 
02/09/2007 

The reported analysis was requested for the following location: 
Location; 764S.S-O01.O1 Site IP: B9@ 6 1 • 

Thank you for your business. 

* ~or future reference to this analysis please use SUN# 49B64.99398. 

EVALUATXON FOR SOI~ CORROSION 

Soil pH 6.93 

Minimum Resistivity 

Chloride 

Sulfate 

METHODS 

2.95 obm-~ (x1OOO) 

8,2 ppm 

69.0 ppm 

00.00082 !Is 

00. 00690 1li 

pH and ~in.Resistivity CA DOT Test #643 
Sulfate CA OOT Test #417, Chlor!oe CA DOT Test #422 



Sunland Analytical 

To; Mike Turuer 
Engeo Inc, 
2213 Plal!la Dr. 
Rocklin. CA 95765 

11353 Pyrites Way, Suite 4 
l,h.ncho Cordova, CA 95670 

(916) 852-8557 

Date Reported 02/13/2007 
Date Submitted 02/09/2007 

Proms Gene Oliphant, Ph.D. \ Randy Homev.-,,~ 
General Manager \ Lab Manage~yv 

The reported analysis ~as requested for the following lo~ationi 
t.oeation t 7645.5.001.01 Site XD: B22@ 10.s•. 

Thank you for your business. 

* For future reference to this analysis please use SUH# 49864-99399. 

EVALUATXON 7OR SO~L COMOS?ON 

Soil pB 6.77 

MiniJll'WJt Resistivity 

Chloride 

Sulfate 

ME'l'IIODS 

6.97 ohm-cm (x1000) 

12.2 ppm 

5-9 ppm 

00.00122 % 

00.00059 !ls 

pH ~nd Min.Resistivity CA DOT Test #643 
Sulfaee CA DOT Test #417, Chloride CA DOT Test #422 



Sunland Analyncal 

To: Hike Turner 
Engeo Inc. 
2213 Plaza Dr. 
Rocklin, CA 95765 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 9S670 

(916) 8S2-8557 

F:rom: Gene Oliphant, Ph.D. \ Randy Borney1lA 
General Manager \ Lab Manager ( 

I>-.te Reported 
Date Submitted 

02/13/2007 
02/09/2007 

The reported analysie was requested for the following location: 
Location: 7645.5.001.01 Site ID: B20@ 1.s•. 

Thank you for your business. 

* For future reference co this •nalysis please use StJH # 49864-99400. 

EVALUATION FOR SOIL CORROSION 

Soil pK 8.05 

Minimum Resistivity 

Chloride 

Sulfate 

METHODS 

4.56 ohm-am (XlODO) 

8.1 ppm 

25.9 ppm 

00.00081 % 

00,00259 % 

pX and ldin.Resistivity CA DOT Test #643 
Su1£ate CA DOT Test #417, Chloride CA DOT Test #422 



'l'o: Mike Turner 
Engeo Inc. 
2213 J?laza Dr. 
Rocklin, CA 

Sunland Analytical 

95765 

11353 Pyrites Way, S\lite 4 
Rancho Cordova. CA 95670 

(916) 8S2-85S7 

Date Reported 02/13/2007 
Date Submitted 02/09/2007 

Prom: Gene., Oliphant, Ph,D, \ Randy B0:rnelr4A 
General Manager \ Lab Manager~V 

'l'he reported analysis was requested for ~he following location: 
Location; 7645.5.001,01 Site ID: B30@ 1 1 • 

Thank you for your business. 

• For future reference to this analysis please use SUH# 49864•99401. 

---~-------------·----------------------------------------·~-------------------
BVALOATION FOR SOIL CORROSION 

Soil pH 7.26 

Minimum Resistivity 

Chloride 

Sulfate 

METHODS 

3.48 obm-cm (xlOOO) 

8,4 ppm 

27.7 ppm 

00.00084 !Is 

00.00277 % 

pH and Min.Resistivity CA DOT ~est #643 
Sulfate CA DOT Test #417, Chloride CA DOT 'l'est #422 



APPENDIXC 

Logs of Subsurface Investigation by Idaho Maryland Mining Corporation 



02/13/2007 09:55 530-271-0693 

Ida.ho-Maryland Mining Corp. 
Tailings Sampling Program 

Samples taken and logged by Grady Wilson 
Supervised by: B. Pease 

. Sample method: Backhoe, shovel 

EMGOLD 

October, 2005 

IdT3-1 Took composite sample ofloose light brown sand 18 inches deep above 
decomposed Gabbro bedrock contact. Took bedrock sample. /. J,, 

IdT3-2b.30" Took 1st sample@48 inches in soft tan colored sand. 
IdT3-2b.75" Took 2nd sample @75 inches in sandy gray clay layers. 

ldT3-3 

Soil contact@ 76 inches. C,.31 

Took composite sample @ 30 inches in light olive gray layers of sandy 
clay. J.L/' 

PAGE 02 

ldT3-4b.42" Took sample@42 inches in layers of dark gray sandy clay. 
IdT3-4b. 78" Took 2nd sample @ soil contact in light brown loose sand 78 inches. t p $' " 

IdT3-5 sampled gray sandy clay layers@27 inches. .:21:r 

ldT3-6 Took composite sample of olive gray sandy clay layers@ 31 inches. ~ ,.,, 

ldT3-7 Took sample of dark gray sandy clay @ 30 inches. 
Decomposed Gab bro bedrock contact 31 inch.es .. ..2, ~ ' 

IdT3-8.46" Took sample at 46 inches in layers of gray sandy clay. 
IdT3-8.84" Took 2nd sample@ 84 inches in gray sandy cl_a~. ?. 0 

Soil contact @ 85 inch.es. -:-- · --' 

ldT3-9b.44" Took first sample at 44 inches in soft sandy tailings. 
ldT3-9b. 99'' Took 2nd sample @ 99 inches in moist gray clay. 93 inches of pit is soft 

tan sand with six-inch layer of clay at dark brown ~ontact. 7
1 
7 

ldT3-10b.44'' Took first sample at 44 inches in soft white sandy tailings. 
IdT3-10b.75" Took second sample at 75 inches in wet gray silty clay. 
IdT3-10b.1 lS"Took third sample at 115 inches in wet gray :sandy clay. 

IdT4-1 

ldT4-2 

Soil contact at 116 inches. 9, r; 
Took sample at soil contact in loose gray tailings 18 inches deep. 
Soil contact at 36 inches. 3 .. o 

Took sample at 12 inches deep in dry tan sandy clay layers. 
Soil contact at 30 inches. J, l// 



02/13/2007 09:55 530-271-0693 EMGOLD 

IdT4-3b.30" 1st sample @ 30 inches in soft gray sand. 
IdT4-3b58" 2nd sample@soil contact 58 inches. 

Took bedrock sample 60 inches !',O,. 

IdT4-4b.36" Took l st sample @ 36 inches in soft tan sand. 
IdT4-4b.76" Took 2nd sample@76 inches in moist olive gray clay strata. 

ldT4-5 

IdT4-6 

IdT4-7 

IdT4-8 

Soil contact @ 77 inches. i,.1/ 1 

Took sample@27 inches in soft yellowish gray sand. :2. 2" 

Took sample @ 28 inches in soft white sand. :1. 1,2" 

took sample @ 30 inches in soft gray sand ..:.? .. .f" ' 

Took sample@ 18 inches in soft tan sand. /, f"'' 

IdT4-9b.28" Took 1st samfcle @28 inches in layers of dry yellowish gray sandy clay. 
JdT 4-9b. 77" Took 2nd samp c @ 77 inches in moist yellow gray clay. 

Red Soil contact@ 78 inches. G, f',, 

IdT4-10.28" Took composite sample@28 inches in multicolored layers of tan, rust 
colored sand. Gray and black colored clay. 

PAGE 03 

IdT4-10.53" Took 2nd sample@53 inches in moist gray clay with black strata. 
Took bedrock sample of decomposed dark green andisite @ 68 inches. S' 

ldT4-11 

IdT4-12 

Dug 18 inches in topsoil before hitting and sampling 6 inches of tailings + 
organic material, then hitting the toe of the rock dam and not able to dig 
further abandoned this site. ;; , O" 

Took composite sample of light reddish brown dirt at 12 inches above 
loose dump fill. (Might not even be tailings). /,, tJ,.. 

-IdTS-1 

IdTS-2b 

Hit bedrock at 5 inches did not sample less then 5 inches of tailings. O, 5 

Took composite sample @ 36 inches in sandy light brown tailings. ,, 
Decomposed bedrock @ 60 inches. Only took one sample at this site. f: tJ 

IdTl-lb took composite sample @ 12 inches of rust and black colored tailings. 
Approximately 12 inches of fill then bedrock @ 20 inches. /, (:, " 

IdT2-1 b.30" Took composite sample @ 30 inches in multi colored layers of soft sand 
black, rust & tan in small tailings mound near broken pipe line. 

IdT2-l b .. 751
' Took 2nd composite sample@ 59 inches in soft tan colored sand. 

~ Red soil contact @ 5 feet S: 0 -~--



IdT3-ll 

530-271-0693 EMGOLD 

Took sample@ 36 inches in composite of soft tan sand and moist gray 
clay. 

PAGE 04 

Took 2nd sample of wet gray clay@ 8 feet in 5 foot layer. 
Took 3rd sample of wet gray sand@ i20 inches above soil contact. /tJ., o·" 



 

 

APPENDIX D 

Previous Laboratory Testing 



ENGEO (2007)
APPENDIX B 

LABORATORY TEST DATA



60 

50 

40 
X 
w 
C 
~ 
>-
t: 30 
C) 
.... 
en 
:5 
D. 

20 

10 

• 
• .. 
• .,. 

* 
0 

LIQUID AND PLASTIC LIMITS TEST REPORT 

/ 
Dashed line indicates the approximate / 
upper limit boundary for natural soils ~"---+-----,,/ 

20 

SOURCE SAMPLE 
NO. 

GEX B22@21 

GEX 823@3.5 

GEX 828@0 

GEX TP2@l 

GEX TP15@0 

GEX TP17@2 

GEX TP19@2 

ENGEO, Inc. 

Rocklin CA 

30 

DEPTH 

21 feet 

3 l/2 feet 

Surface 

I feet 

Surface 

2 feet 

2 feet 

/ 

/ 

... 

MH or OH 

40 50 60 70 80 90 
LIQUID LIMIT 

SOIL DATA 
NATURAL 
WATER PLASTIC LIQUID PLASTICITY 

CONTENT LIMIT LIMIT INDEX 
(%) (%) (%) (%) 

29 48 19 

28 47 19 

24 43 19 

24 34 IO 

17 52 35 

23 33 10 

31 48 17 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro ect No.: 7645.5.001.01 Fi ure 

100 110 

uses 

ML 

ML 

CL 

ML 

CH 

CL 

ML 



UNCONFINED COMPRESSION TEST 
4000 

'+- 3000 ti) 

Q_ 

ti) 

ti) 

(IJ 

I.. 
-+-' 
(f) 

(IJ I/ ~ :> 

~ 
·-ti) 

ti) 

(IJ 

I I.. 
Q_ 1 E 
0 1000 

2000 

u 

0 
0 2 4 6 8 

~, Axial Strain, % 

SAMPLE NO.: 1 

Unconfined strenqth, psf 2531 

Undrained shear strenqth, psf 12E,E, 

FaiL.1re strain, % 3.8 

Strain rate, %/min 2.79 

Water content, % 13.E, 

Wet densit4, pcf 121. 2 

Dr4 densit4, pcf 105.7 

Saturation, % 55.5 
I 
I 

Void ratio 0.5510 

Specimen diameter, in 2.42 

Specimen heiqht, in 4.80 I 
I 

Heiqht/diameter ratio 1. 98 
Description: Brown s i I t!:l sand CSM) 

I I GS= 2.E,5 j T!:jpe: In situ I 
P~ojecl No.: 7645.5.001.01 CI i ent: 

Date: 2/2/07 

Remarks: Project: ldaho-Mar!:jland Mine Reopening 

Assumed Specific 
Location: 820@10.5 

('9' 1Gravit!:j 

UNCONFINED COMPRESSION TEST 

Fig. No.: -- ENGEO, INCORPORATED 



J UNCONFINED COMPRESSION TEST 
8000 

4- 6000 Vl 
Q_ 

Vl 
Vl 
llJ 
L 

+> 
(Jl 

4000 
llJ 
) 

Vl 
Vl 
llJ 
L 
Q_ 

E 
0 2000 
u 

0 
0 2 4 6 8 

~1 
Axial Strain, % 

SAMPLE NO.: 1 

Unconfined strencith, psf 518g 

Undrained shear strenqth, psf zsgs 

Failure strain, % 3.6 

Strain rate, %/min 

Water content, % z:. 7 I 
Wet densit4, pcf 120.g 

Dr4 densitl.l, pcf gg,3 

Saturation, % 86. "1 

Void ra:.io 0.6657 

Specimen diameter, in 2.42 I 
Specimen heiqht, in 5.50 

Heiciht/diameter ratio 2.27 
Descript.ion: Reddish brown Si It~ c I a!:! CCU 

I I GS= 2.65 l T~pe: In situ 

Pr-o ject No.: 7645. 5. 001. 01 CI ient: 

Date: 2/2/07 

Remarks: Project: Idaho-Mar!:jland Mine Reopening 

l/2 cla~ and l/2 s i It 
Location: 822@15.5 

~ 1 

UNCONFINED COMPRESSION TEST 

Fig. No.: -- ENGEO? INCORPORATED 
i 
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Particle Size Distribution Report 
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%Gravel 
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j I' 
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11 .. 
I I I 

I 
0.1 0.01 

GRAIN SIZE - mm. 
%Sand % Fines 

Coarse 1-- --

Medium Fine Slit 

1.4 I 7.7 33.9 53.3 

SIEVE PERCENT SPEC.* PASS? Soll Description 
Reddish brown sandy clay SIZE FINER 

1.5 100.0 
1 98.3 

.75 97.4 
.375 96.9 
#4 96.3 

#JO 94.9 
#20 91.9 
#40 87.2 
#60 81.2 
#140 59.6 
#200 53.3 

. 

PERCENT (X=NO) 

PL= 
Atterberg Limits (ASTM D 4318) 

LL= Pl= 

USCS= CL 

0 85= 0.3291 
030= 
Cu= 

Date Tested: 

Classification 
AASHTO= 

Coefficients 
050= 0.1080 
015= 
Cc= 

Tested By: 

Remarks 

(no spec11ication provided) 

Sample No.: B4@1 
Location: 

Source of Sample: GEX 

Title: 

Date Sampled: 

Checked B : 

ENGEO, Inc. 

Rocklin CA 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro ect No: 7645.5.001.01 

Elev./Depth: I feet 

Fl ure 

-

~ 

--

~-

-~-

- -

0.001 

----

Clay 
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Particle Size Distribution Report 
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I 
0 

100 10 0.1 0.01 0.001 

GRAIN SIZE - mm. 
%Gravel 

%+3" 
Coarse J-----.=ine Coarse I 

0.0 0.0 0.0 0.0 

%Sand 
Medium 

20.8 

Fine 

27.8 

%Fines 
Slit 

39.6 

~-] Clay 

I 11.8 

SIEVE PERCENT SPEC." 

SIZE FINER PERCENT 
#JO 100.0 
#20 90.6 
#40 79.2 
#60 73.2 
#140 55.9 
#200 51.4 

w 

PASS? 

(X=NO) 
Soil Description 

Reddish brown sandy silt 

PL= 
Atterberg Limits (ASTM D 4318) 

LL= Pl= 

USCS= ML 

0 85= o.6135 
D30= 0.0169 
Cu= 

Date Tested: 

Classification 
AASHTO= 

Coefficients 
0 60= 0.1334 
015= 0.0034 
Cc= 

Tested By: 

Remarks 

050= 0.0694 
010= 

(no spec1fica11on provided) 

Sample No.: B4@3 
Location: 

Source of Sample: GEX Date Sampled: 

Checked B : 

ENGEO, Inc. 

Rocklin CA 

Title: 
Client: 
Project: Idaho-Maryland Mine Reopening 

Pro·ect No: 7645.5.001.01 

Elev./Depth: 3 feet 

Fi ure 
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100 

%+3" 

0.0 

10 

%Gravel 
Coarse ,--Fine 

25.4 16.1 

GRAIN SIZE - mm. 
%Sand 

Coarse Medium 

12.5 15.1 

0.1 

Fine 

12.7 

0.01 

%Fines 
Slit 

18.2 

i I I 

SIEVE PERCENT SPEC_- PASS? Soll Description 
Reddish brown sandy gravel with silt SIZE FINER 

1.5 100.0 
1 76.9 

.75 74.6 
.375 71.3 
#4 58.5 

#10 46.0 
#20 36.6 
#40 30.9 
#60 26.5 
#140 20.1 
#200 18.2 

. 

PERCENT (X=NO) 

Atterberg Limits (ASTM D 4318) 
LL= Pl= PL= 

USCS= GM 

085= 30.4607 
D30= 0.381 I 
Cu= 
Date Tested: 

Classification 
AASHTO= 

Coefficients 
D50= 5.1313 
D15= 
Cc= 

Tested By: 

Remarks 

D50= 2.7446 
D10= 

(no specification provided) 

Sample No.: B6@1 
Location: 

Source of Sample: GEX 

Title: 

Date Sampled: 

Checked B : 

ENGEO, Inc. 

Rocklin CA 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro ect No: 7645.5.001.01 

Elev./Depth: I feet 

Fl ure 

0.001 

Cla 
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100 10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. 
%Gravel 

%+3" 
- Coarse I Fine 

%Sand 
Coarse! Medium-- . Fine 

% Fines 
Slit 

0.0 13.9 12.5 7.3 I 10.1 26.0 29.6 

SIEVE PERCENT 
SIZE FINER 

l 100.0 
.75 86.1 

.375 81.2 
#4 73.6 

#IO 66.3 
#20 59.5 
#40 55.6 
#60 52.5 

#140 37.4 
#200 29.6 

. 

SPEC.* PASS? 
PERCENT (X=NO) 

Soil Description 
Reddish brown silty sand with gravel 

Atterberg Limits (ASTM D 4318) 
PL= LL= Pl= 

USCS= SM 

0 85= 15.6973 
030= 0.0764 
Cu= 

Date Tested: 

Classification 
AASHTO= 

Coefficients 
050= 0.9076 
015= 
Cc= 

Tested By: 

Remarks 

D50= 0.2044 
010= 

(no specification provided) 

Sample No.: B9@1 
Location: 

Source of Sample: GEX Date Sampled: 

Checked B : 

ENGEO, Inc. 

Rocklin CA 

Title: 
Client: 
Project: Idaho-Maryland Mine Reopening 

Pro·ect No: 7645.5.001.01 

Elev./Depth: I feet 

Fi ure 

I Cla 
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%+3" 
%Gravel 

Coarse Fine 

0.0 0.0 0.0 

GRAIN SIZE - mm. 
%Sand 

Coarse Medium 

0.0 0.0 
Fine 

31.3 

% Fines 
Slit 

68.7 

SIEVE PERCENT SPEC.* PASS? Soil Description 
Light brown sandy silt SIZE FINER PERCENT (X=NO) 

#10 100.0 
#20 100.0 
#40 100.0 
#60 99.9 
#140 80.l 
#200 68.7 

. 
(no spec1ficatton provided) 

Sample No.: BI 0@5 Source of Sample: 
Location: 

Checked B : 

ENGEO, Inc. 

Rocklin CA 

Atterberq Limits {ASTM D 4318) 

GEX 

Title: 
Client: 

PL= 

USCS= ML 

0 85= 0.1238 
030= 
Cu= 

Date Tested: 

LL= Pl= 

Classification 
AASHTO= 

Coefficients 
D50= 
D15= 
Cc= 

Tested By: 

Remarks 

D50= 
D10= 

Date Sampled: 
Elev./Depth: 5 feet 

Project: Idaho-Maryland Mine Reopening 

Pro ect No: 7645.5.001.01 Fl ure 

Cla 
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GRAIN SIZE - mm. 
%Sand % Fines 

%+3" - - ----------

Coarse Fine Coarse Medium Fine Slit 

0.0 0.0 0.0 

SIEVE PERCENT SPEC.* PASS? 
SIZE FINER PERCENT (X=NO) 
#10 100.0 
#20 99.6 
#40 98.9 
#60 98.7 
#140 93.8 
#200 92.2 

- (no specification provided) 

o.o I 1.1 6.7 92.2 

Soll Description 
Gray silt 

Atterberg Limits {ASTM D 4318) 
PL= LL= Pl= 

uses= ML 

0as= 
D30= 
Cu= 

Date Tested: 

Classification 
AASHTO= 

Coefficients 
D50= 
D15= 
Cc= 

Tested By: 

Remarks 

D50= 
D10= 

Sample No.: B12@3 Source of Sample: GEX Date Sampled: 

.. -----

-•-

Location: Elev./Depth: 3 feet 
Checked B : Title: 

ENGEO, Inc. 

Rocklin CA 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro ect No: 7645.5.001.01 Fl ure 

----- -

-

0.001 
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GRAIN SIZE - mm. 
%Gravel %Sand 

%+3" 
Coarse Fine Coarse Medium Fine 

%Fines 
Silt 

0.0 5.7 22.4 10.7 15.9 14.7 30.6 

SIEVE PERCENT 
SIZE FINER 

I 100.0 
.75 94.3 

.375 83.2 
#4 71.9 

#10 61.2 
#20 51.7 
#40 45.3 
#60 40.9 
#140 33.1 
#200 30.6 

w 
(no spec1ficat10n provided) 

SPEC.* PASS? 

PERCENT (X=NO) 
Soil Description 

Brown silty sand with gravel 

Atterberg Limits (ASTM D 4318) 
PL= LL= Pl= 

Classification 
USCS= AASHTO= 

Date Tested: 

Coefficients 
D50= 1.7952 
D15= 
Cc= 

Tested By: 

Remarks 

050= 0.7174 
D10= 

Sample No.: 820@7 Source of Sample: Native Date Sampled: 1/23/07 
Elev./Depth: 7 feet Location: 

Checked B : Tltle: 

ENGEO, Inc. 

Rocklin CA 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro ect No: 7645.5.001.01 Fi ure 

Clay 
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100 10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. 
%Gravel %Sand 

%+3" 
Coarse Fine Coarse Medium Fine 

%Fines 
Slit 

0.0 3.0 8.9 12.2 30.6 22.7 22.6 

SIEVE PERCENT 
SIZE FINER 

1 100.0 
.75 97.0 
.375 95.3 
#4 88.l 
#10 75.9 
#20 59.5 
#40 45.3 
#60 36.9 
#140 25.4 
#200 22.6 

w 

(no spec11ica11on provided) 

SPEC.* PASS? 
PERCENT (X=NO) 

Soil Description 

Reddish brown silty sand with some gravel 

PL= 
Atterberg Limits (ASTM D 4318) 

LL= Pl= 

USCS= SM 

Das= 3.7619 
D30= 0.1561 
Cu= 
Date Tested: 

Classification 
AASHTO= 

Coefficients 
Dao= o.s112 
D15= 
Cc= 

Tested By: 

Remarks 

D50= 0.5431 
D10= 

Sample No.: B22@4 Source of Sample: Native Date Sampled: 1/23/07 
Elev./Depth: 4 feet Location: 

Checked B : Title: 

ENGEO, Inc. Client: 
Project: Idaho-Maryland Mine Reopening 

Rocklin CA Pro·ect No: 7645.5.001.01 Fi ure 

Cla 
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%+3" 
%Gravel 

Coarse Fine 

0.0 0.0 0.0 

GRAIN SIZE - mm. 
%Sand 

Coarse I- Medium 

0.1 17.0 
Fine 

79.6 

% Fines 
Slit 

3.3 

SIEVE PERCENT SPEC.* PASS? Soil Description 
SIZE FINER 
.375 100.0 
#4 100.0 

#10 99.9 
#20 99.7 
#40 82.9 
#60 40.0 
#140 5.9 
#200 3.3 

- (no specification provided) 

PERCENT (X=NO) Gray sand 

Atterberq Limits (ASTM D 4318) 
PL= LL= Pl= 

USCS= SP 

0 85= 0.4399 
D30= 0.2160 
Cu= 2.38 

Date Tested: 

Classification 
AASHTO= 

Coefficients 
D50= 0.3170 
D15= 0.1577 
Cc= I.I I 

Tested By: 

Remarks 

D50= 0.2826 
D10= 0.1330 

Sample No.: B23@26 Source of Sample: GEX 

Title: 

Date Sampled: 
Location: 

Checked B : 

ENGEO, Inc. 

Rocklin CA 

Elev./Depth: 26 feet 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro·ect No: 7645.5.001.01 Fi ure 

Clay 
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%+3" 
%Gravel 

- Coarse--] Fine 

0.0 0.0 0.0 

GRAIN SIZE - mm. 
%Sand 

Coarse! Medium 

o.o I 15.9 
Fine 

29.4 

% Fines 
Slit 

47.5 

SIEVE PERCENT SPEC.* PASS? Soil Description 
Reddish brown sandy silt SIZE FINER 

#IO 100.0 
#20 92.5 
#40 84.1 
#60 83.7 
#140 60.0 
#200 54.7 

- (no spec1fica11on provided) 

PERCENT (X=NO) 

Atterberg Limits (ASTM D 4318) 
PL= LL= Pl= 

USCS= ML 

0 85= 0.4987 
D30= 0.0171 
Cu= 34.87 

Date Tested: 

Classification 
AASHTO= 

Coefficients 
D50= 0.1061 
D15= 0.0051 
Cc= 0.91 

Tested By: 

Remarks 

D50= 0.0618 
D10= 0.0030 

Sample No.: 826@3.5 Source of Sample: GEX Date Sampled: 
Location: 

Checked B : Title: 

ENGEO, Inc. 

Rocklin CA 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro·ect No: 7645.5.001.01 

Elev./Depth: 

Fl ure 

I 1.2 
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%+3" 
Coarse - I Fine CoarseT 

%Sand 
Medium Fine 

%Fines 
Slit 1c1a 

0.0 4.8 33.5 10.9 

SIEVE PERCENT SPEC.* PASS? 
SIZE FINER PERCENT (X=NO) 
1.5 100.0 
I 96.4 

.75 95.2 
.375 77.8 
#4 61.7 

#10 50.8 
#20 43.4 
#40 36.2 
#60 33.9 
#140 28.6 
#200 28.2 

- (no specification provided) 

Sample No.: 828@3.5 Source of Sample: GEX 
Location: 

Checked B : Title: 
Client: 

14.6 8.0 28.2 

Soil Description 
Reddish brown clayey gravel with sand 

Atterberg Limits (ASTM D 4318) 
PL= 

USCS= GC 

Ds5= 12.0675 
D30= 0.1382 
Cu= 

Date Tested: 

LL= Pl= 

Classification 
AASHTO= 

Coefficients 
D50= 4.2918 
D15= 
Cc= 

Tested By: 

Remarks 

D50= 1.8224 
D10= 

Date Sampled: 
Elev./Depth: 3 1/2 feet 

ENGEO, Inc. 
Project: Idaho-Maryland Mine Reopening 

Rocklin CA Pro·ect No: 7645.5.001.01 Fi ure 
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100 10 1 0.1 0.01 0.001 

GRAIN SIZE - mm. 

%+3" 
%Gravel 

Coarse Fine - Coarse I 
0.0 0.0 0.0 o.o I 

SIEVE PERCENT SPEC.• PASS? 

SIZE FINER PERCENT (X=NO) 
#JO 100.0 
#20 100.0 
#40 99.9 
#60 99.9 
#140 98.4 
#200 95.2 

. 
(no spcc1ficat1on provided) 

Sample No.: TP2@1 Source of Sample: GEX 
Location: 

Checked B : Title: 

Client: 

%Sand 
Medium 

0.1 
Fine 

4.7 

% Fines --
Silt 

78.7 

Soll Description 
Gray silty clay 

Atterberg Limits (ASTM D 4318) 
PL= 24 LL= 34 Pl= 10 

USCS= CL 

085= o.0439 
030= 0.0044 
Cu= 

Date Tested: 

Classification 
AASHTO= A-4(10) 

Coefficients 
060= 0.0115 
D15= 0.0018 
Cc= 

D50= 0.0096 
010= 

Tested By: 

Remarks 

Date Sampled: 
Elev./Depth: I feet 

ENGEO, Inc. 
Project: Idaho-Maryland Mine Reopening 

Rocklin CA Pro ect No: 7645.5.001.01 Fi ure 

Clay 

16.5 
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100 10 0.1 0.01 

GRAIN SIZE - mm. 

%+3" 
% Gravel -------

Coarse Fine 
%Sand 

Coarse Medium 
-

Fine 
%Fines 

------

Slit 

0.0 0.0 0.0 0.0 5.6 11.6 53.9 

SIEVE PERCENT SPEC.* PASS? Soil Description 
Reddish brown silty clay with sand SIZE FINER PERCENT (X=NO) 

#10 100.0 
#20 97.1 
#40 94.4 
#60 93.7 
#140 85.8 
#200 82.8 

w 

(no spcc1ficat1on provided) 

Sample No.: TP15@0 Source of Sample: GEX 
Location: 

Checked B : Title: 

Client: 

Atterberg Limits {ASTM D 4318) 
PL= 17 LL= 52 Pl= 35 

USCS= CH 

0 85= 0.0929 
D30= 0.0022 
Cu= 

Date Tested: 

Classification 
AASHTO= A-7-6(29) 

Coefficients 
060= 0.0204 
O1s= 
Cc= 

D50= 0.0085 
010= 

Tested By: 

Remarks 

Date Sampled: 
Elev./Depth: Surface 

ENGEO, Inc. 

Rocklin CA 

Project: Idaho-Maryland Mine Reopening 

Pro ect No: 7645.5.001.01 Fi ure 

0.001 

Clay 

28.9 
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Particle Size Distribution Report 
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100 10 0.1 0.01 0.001 

GRAIN SIZE - mm. 
%+3" 

% Gravel % Sand % Fines 
Silt Coarse [ -Fi-ne-- Coarse Medium Fine 

0.0 0.0 I 5.6 13.2 13.S 16.2 30.1 

SIEVE PERCENT 
SIZE FINER 
.375 100.0 
#4 94.4 
#IO 81.2 
#20 73.4 
#40 67.7 
#60 63.8 
#140 54.9 
#200 51.S 

- (no spec1ficauon provided) 

SPEC.* PASS? 
PERCENT (X=NO) 

Soil Description 
Reddish brown sandy silt with clay 

Atterberg Limits (ASTM D 4318) 
Pl= 

USCS= ML 

D55= 2.5784 
D30= 0.0065 
Cu= 

Date Tested: 

LL= Pl= 

Classification 
AASHTO= 

Tested By: 

Remarks 

D50= 0.0641 
D10= 

Sample No.: TP16@5 Source of Sample: GEX 

Title: 

Date Sampled: 
Location: 

Checked B : 

ENGEO, Inc. 

Rocklin CA 

Elev./Depth: 5 feet 

Client: 
Project: Idaho-Maryland Mine Reopening 

Pro ect No: 7645.5.001.01 Fi ure 

Clay 

21.4 



PROJECT NAME: Idaho-Maryland Mine Reopen 

PROJECT NO. 7645.5.001.01 

SAMPLE LOCATION: B11@0-1 

SAMPLE DESCRIPTION: 
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R-VALUE TEST DATA 
CAL-301 
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ENGEO 
INCORPORATED 

REPORT DATE: 2/12/07 

TESTED BY: SEL 

SAMPLE DATE: Unknown 
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21.6 
97.7 

ENGEO Incorporated, 2213 Plaza Drive, Rocklin CA 95765 (916) 786-8883 



PROJECT NAME: Idaho-Maryland Mine Reopen 

PROJECT NO. 7645.5.001.01 

SAMPLE LOCATION: 812-Bulk 0-1' 

R-VALUE TEST DATA 
CAL-301 

SAMPLE DESCRIPTION: Gray very fine grained sand (SP) 
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-~- 1, 

~--1 
200 

ENGEO 
INCORPORATED 

REPORT DATE: 2/13/07 

TESTED BY: SEL 

SAMPLE DATE: 2/1 /07 
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105 79 47 
455 342 204 
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14.7 15.1 15.9 
114.3 113.0 112.3 

57 
ENGEO Incorporated, 2213 Plaza Drive, Rocklin CA 95765 (916) 786-8883 
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C: 

- -0.005 
E 
L Dilalion 
0 

I/ .... 
11.r 0 

Q \_f - Consol. 
ro 
u 

0.005 ·- \ .... 
L 
11.r 
> ~ 0.010 

0.015 
0 0. 1 0.2 0.3 0.4 

Horiz. Di sp I., in 

1800 

1500 
f ~ 
I - i--.... 
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1/) 

~, 0.. 1200 
- I Ill 

Ill 
11.r 
L 900 .... 

( r------._ 
(J) ~ -L 
ro 600 11.r 

/ .c 
(J) 

300 

0 

3600 
RESULTS 

C, psf 40 7 

cp , deg 39.7 

<+- TAN Q 0.83 
1/) 

0.. 2400 

/ -(J) 
(J) / w 
Ct'. 

~ I-
(J) 

w / Ct'. 1200 ::J V _J 

/ ..... 
(I 
u.. 

V 
0 

0 1200 2400 

Normal Stress, psf 

SAMPLE NO.: 

WATER CONTENT, % 

~ DRY DENSITY, pcf 
~ SATURATION, % 

Z VOID RATIO 
DIAMETER, in 
HEIGHT in 
WATER CONTENT, % 

1- DRY DENSITY, pcf 
(J) 
w SATUR!=lTION, % 
I-

I- VOID RATIO 
<I DIAMETER, in 

HEIGHT. in 
NORMAL STRESS, psf 
FAILURE STRESS, psf 

1 2 

43.9 25.8 

85.0 95.1 

120.5 90.1 

0.984 0.773 

2.42 2.42 

1. 00 1. 00 

42.5 25.5 

88. 1 98.2 

125.5 96.2 

0.913 0.716 

2.42 2.42 

0.96 0.97 
1000 2000 
870 1700 

/ 

0 0. 1 0.2 0.3 0.4 DISPLACEMENT, in 0.09 0. 12 

Horiz. Di sp l., 

SAMPLE TYPE: In situ 
DESCRIPTION: Gra~ and brown 

silt and brown sand~ si It 

SPECIFIC GRAVITY= 2.7 

REMARKS: Assumed Specfic 

-, Gravit~; Pt A - si It 
Pt 8 - sand~ si It 

Fi 9. No.: 

in ULTIMATE STRESS, psf 
DISPLACEMENT, l n 

Strain rate, %/mln 

CLIENT: 

0.21 0.11 

PROJECT: Idaho-Mar~land Mine 

SAMPLE LOCATION: 310@3 

PROJ. NO.: 76~5.5.001.01 

DIRECT SHEAR TEST REPORT 

ENGEO, INCORPORATED 

V 

3600 

' 

I 



-0.45 3600 
RESULTS 

C, psf 513 
-0.30 qi , deg 32.9 

C: 
TAN Q / ·- 4- 0.55 

(I) . -0. 15 Cl. 2400 
E - / I. Di lat ion U) 

/ 0 U) 
<+- w 
(IJ 0 Ck'. V" a u 1--

Con so I. 
en / -

,0 w 
u 

0. 15 Ck'. 1200 / ·- ::::, u/ +' _J 
I. .... 
(IJ a: / > L... 

0.30 V 

0.45 0 
0 0. 1 0.2 0.3 0.4 0 1200 2400 3600 

Horiz. Di sp I., in Normal Stress, psf 

1800 --- --V - - SAMPLE NO.: 1 2 3 

I WATER CONTENT, % 23.2 31. 2 29.2 
1500 

I 
_J DRY DENSITY, pcf 101.3 92.4 94.3 er .... SATURATION, % 94.2 102.2 10e.2 .... 1--

(I) .... ~,, Cl. 1200 z: VOID RATIO 0.555 0.824 0.787 

I r; ~ 
.... . - DIAMETER, in 2.42 2.42 2.42 

ti) i--.. 
ti) HEIGHT in 1. 00 1. 00 1. 00 (IJ 
I. 900 
+' V "---..,, WATER CONTENT, % 23.9 31. 1 28.0 
en tv,..-... 

1-- DRY DENSITY, p:; f 1e1.8 94.8 98.1 
I. en ,0 

600 w SATURATION, % 58.4 107.8 105.5 (IJ 
J: 1--

en 1--
VOID RATIO 0.655 0.779 0.718 

cr DIAMETER, in 2. 42 2.L.2 2.42 
300 HEIGHT, in 0.99 0.98 0.95 

NORMAL STRESS, psf 500 1000 2e00 I 

' 

0 FAILURE STRESS, psf 1171 1149 1794 

0 0. 1 0.2 0.3 0.4 DISPLACEMENT, in 0.08 0.14 0.34 

Hor-iz. Displ., in ULTIMATE STRESS, psf 
DI SPUKEMENT, in 

Strain rate, %/min 0. 16 0.13 0. 12 

SAMPLE TYPE: In situ CLIENT: I 

DESCRIPTION: Br-own s i It~ cla~ i 

CCU PROJECT: Idaho Mar~land Mine Reopen 

SPECIFIC GRAVITY= 2.7 SAMPLE LOCATION: B20@25.5 

REMARKS: Assumed Specfic 

'\ Gravit~ PROJ. NO.: 15..;s.s.001.01 DATE: 2/S/07 

DIRECT SHEAR TEST REPORT 

Fig. No.: ENGEO, INCORPORATED 
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SAMPLE NO.: 

WATER CONTENT, % 

_J DRY DENSITY, p=f er - SATURATION, % 1-- VOID RATIO z -DIAMETER, in 
HEIGHT in 
WATER CONTENT, % 

1- DRY DENSITY, pcf 
(Jl 
w SATURATION, % 
1-

I­
VO ID RATIO 

er DIAMETER, in 

HEIGHT in 
NORMAL STRESS, psf 
FAILURE STRESS, psf 

60'3 / 
44.'3 I/ 
1. 00 / 

V 
/ 

/ 
V 

2000 4000 

Normal Stress, psf 

1 2 3 

19.2 22.9 21. 0 

100.6 99.7 102.1 

76.7 89.5 87.1 

0.675 0.691 0.651 

2.42 2.42 2.42 

1. 00 1. 00 1.00 

24.1 25.6 24.9 

100.6 100.3 103.5 

96.2 101. 7 107.0 

0.676 0.680 0.628 

2.42 2. 42 2.42 

1.00 0.99 0.99 
500 1000 2000 

1068 1666 2583 

0 0. 1 0. 2 0. 3 0. 4 DISPLACEMENT, in 0.09 0.08 0. 10 

H . D' I • ULTIMATE STRESS, psf or1z. 1sp ., 1n 

SAMPLE TYPE: In situ 
DESCRIPTION: Reddish brown 

silt~ cla~ with fine gravel 

SPECIFIC GRAVITY= 2.7 

REMARKS: Assumed Specific 
Gravit~ 

Fi 9. No.: 

DISPLACEMENT, in 
Strain rate, %/min 0.15 0.12 0.10 

CLIENT: 

PROJECT: Idaho-Mar~land Mine Reopen 

SAMPLE LOCPTION: 822@16.0 

PROJ. NO.: 76~5.5.001.01 DATE: 2/12/07 

DIRECT SHEAR TEST REPORT 

ENGEO, INCORPORATED 

6000 



-0.030 5000 
~ RESULTS / I / C, psf 757 

~ -0.020 p ./ q, , deg 46.2 
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L 1500 .... 

'L 
WATER CONTENT, % 33.7 42.5 39.5 
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I- DRY DENSITY, pcf 81. 5 75.5 77.8 

L lJ1 11) 
1000 i--. w SATURPT!ON, % 85.4 95.2 91. 4 a., I/ .......... I-.£ 

lJ1 ------r-- I-
VOID RATIO 1. 055 1. 205 1.157 

er DIAMETER, in 2.42 2.42 2.42 
500 

'I HEIGHT, in 0.99 0.98 0.95 
NORMAL STRESS, psf 500 1000 2000 

0 FAILURE STRESS, psf 1071 2138 2745 

0 0. 1 0.2 0.3 0.4 DISPLACEMENT, : n 0.09 0.21 0. 11 

Horiz. Displ., in ULTIMATE STRESS, psf 
DISPLACEMENT, in 

Strain rate-, %/min 0. 14 0. 15 121. 13 

' SAMPLE TYPE: In situ CLIENT: 

DESCRIPTION: Gra~ s i It~ sand 
with organics (wood pulp) PROJECT: Idaho-Mar~land Mine Reopen 

:1 
I 

SPECIFIC GRAVITY= 2.7 SAMPLE LOC~T ION: 323@7.5 I 

REMARKS: Assumed Spe-c if i c 

r"·· ' 
Gravit!:! PROJ. NO,: 7645.5.001.01 DATE: 2/13/07 

DIRECT SHEAR TEST REPORT 

Fi 9. No.: ENGEO., INCORPORATED ii 



EXPANSION INDEX TEST REPORT 
ASTM D4829 

PROJECT NAME: Idaho-Maryland Mine Reopen 

PROJECT NO. 7645.5.001.01 

Sample ID Soil Description 
Initial Dry Density Initial Moisture 

(pcf) Content(%) 

I B12@3 I Gray Silt (ML) I 97.2 I 12 I 
B26@3.5 Reddish brown sandy silt 82.1 16 (ML) 

B28@0 
Reddish brown silty clay 

101.5 10.5 with fine sand (CL) 

TP15@0 Reddish brown silty clay 100.3 11.2 with sand (CH) 

TP18@1.5 Gray silty clay (CL) 96.2 12 

11""19@2 Light gray silt (ML) 94.2 18.0 

CLASSIFICATION OF EXPANSIVE SOIL 

ENGEO 
INCORPORATED 

REPORT DATE: 2/15/07 

TESTED BY: SEL 

Final Moisture 
Expansion Index 

Content(%) 

31.4 I 68 I 
40.4 38 

25.9 68 

29.3 82 

30.4 54 

38.2 136 

Expansion Index Potential Expansion 

0-20 Very Low 
21-50 Low 
51-90 Medium 
91-130 High 

Above 130 Very High 

ENGEO Incorporated, 2213 Plaza Drive, Rocklin CA 95765 (916) 786-8883 



Wed, 14 Feb 2007 13:44:56 -0800 
06/22/2013 05:45 FAX 257 

Sunland Analytical 

To: Mike Turner 
Bngeo lnc. 
2213 Plaza Dr. 
Rocklin, CA 9S765 

11353 Pyrites Way, Suite 4 
Rancho Cordova., CA 95670 

(916) 852-8557 

Prom; Gene Oliphi.U1t, Ph.D. \ Randy Horney 1t,u1 
General Manager \ Lab Manager I 

I>ate Reported 
Date Submitted 

15 Received 
ldioo1 

02/13/2007 
02/09/2007 

The reported analysis was requested for Che fellowing location: 
Location 7645.s.001.01 Site ID: 'l'P3 $ s•. 

Thank you for your b~siness-

• Per future reference to this analysis please use SON# 49863-99387. 

BV'ALUAfION POR SOIL CORROSION 

Soil pH 7.53 

Minimum Resistivity 

Chloride 

Sulfate 

METHOJ)S 

0.83 

5.9 ppm 

113.4 ppm 

ohm-cm (:x1000) 

00.00059 % 

00.01134 \ 

pB and Min.Resistivity CA DOT Tese #643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 



Sunland Analytical 

'l'o: Mike Turner 
Engeo Inc. 
2213 Plaia Dr. 
Rocklin. CA 95765 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 95670 

(916) 852-85S7 

F:r:om: Gene Oliphant., Ph.:c>. \ Jlai,.dy Horney A~ 
General Manager \ Lab Manager 1~ 

Date Repo:rced 
Date Submitted 

02/13/2007 
02/09/2007 

'l'he reported analysis was requested for the following location: 
Location: 7645.5.001.01 Site ID: TP18@ 1.5 1 • 

Thank you for your busine~s. 

* 7or future refereu~e to this analysis please use SUN# 49863-99388. 

BVALUATION FOR SOIL CORROSION 

Soil pH 8.15 

Minimum Resistivity 

Chloride 

Sulfate 

METHODS 

s.90 Omll•CDl (x1000) 

14-2 ppm 

30.4 ppm 

00. 00142 Iii 

00.00304 % 

pH and Min.Resistivity CA DOT Test #643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 



Sunland Analytical 

To; Mike 'l'ul:'Der 
Engeo Inc. 
2213 Plaza Dr. 
Rocklin, CA 95765 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 9S670 

(916) 852-8557 

From: Gene Oliphant, Ph.D. \ Randy llo-rn.ay ,1/~ 
General Manager \ Lab Manager Iv 

Date Reported 02/13/2007 
Date Submitted 02/09/2007 

The reporte~ analysis was requested for the following location: 
Location 7645.5,001.01 Site ID I B24@ 3,5 1 • 

Thank you for yo~r business. 

* ~or future reference to this analysis please use SUN# 49863~99389. 

----·---------M·--------------~--·---------------------------------------------
EVALOATIOll POR SOIL CORROS:CON 

Soil pH Ei .16 

Minimum Resisti~ity 

Chloride 

Sulfate 

MBTBODS 

2.95 ohm-CJD (xl00D) 

11.3 ppm 

12.6 ppm 

00.00l.13 Ii 

00.00126 % 

pK and Min.Resistivity CA DOT ~est #643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 



~ : ~ 

Sunland Analytical 

l'o: Mike TU.mar 
Engao Inc. 
2213 Plaza Dr. 
Rocklin, CA 95765 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 9S670 

(916) 8S2M8557 

Prom: Gene Oliphant, Ph.D.\ Randy Horney41,~ 
General ~anager \ Lab Manager (vv 

Date Reported 02/13/2007 
Date Sublnicced 02/09/2007 

The reported analysis was requested for the following location: 
Location: 7645.s.001.01 Site ID: B25@ O. 

Thank you for your business. 

* For future reference to this analysis please ~sa SON# 4~863-99390. 

EVALUAl'ION FOR SOlL CORROSION 

Soil pH 5.60 

Minimum Resistivity 

chloride 

Sulfate 

METHODS 

5.36 obm-c:m (xl000) 

16.1 ppm 00.00161 Iii 

0.8 ppm 00.00008 Iii 

pK and Min.Resistivity CA DOT ~est #643 
Sulfate CA DOT Test #417, Chloride CA .DOT Test #422 



Sunland Analytical 

To, Hike Turner 
B:ngeo Inc. 
2213 Plaza Dr. 
Rocklin, CA 95765 

I 13S3 Pyrites Way, Suite 4 
Rancho Cordova, CA 9S670 

(916) 8S2-8557 

Prom: Gene Oliphant, Ph.D. \ Rantiy Horney 4 1 
General Manager \ Lab Manager~· 

Date Reported 
Date Submitted 

D2/13/2007 
02/09/2007 

The ~eported analysis was requested for t~e following location; 
Location: 7645.5.001.01 Site ID; B27@ o. 

Thank you for your business. 

* For future reference to tbis analysis please use StJN # 49863-99391. 

EVAt.UATION FOR SOIL CORROS~ON 

Soil pH 6.09 

MiniJoum Resistivity 

Chloride 

Sulfate 

tmTHODS 

5.90 obm-CJII. (xl000) 

9.6 ppm 

4.5 ppm 

00.00096 % 

00.00045 % 

pB and Min.Resistivity CA DOT Test i643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 



Sun"land Analytical 

To: Mike Turner 
Bngeo Inc. 
2213 Pla2:a Dr. 
Rocklin, CA 95765 

1 J 353 Pyrites Way, Suite 4 
Rancho Cordova. CA 95670 

(916) 852-8557 

Frcmu Gene Oliphant, Ph.D. \ Randy Horney// ,A 
General Manager \ Lab Manager [V 

Date Reporl:ed 
Date Submitted 

02/13/2007 
02/09/2007 

The reported analysis was requested for the following location: 
Local:ion: 7645.5.001.01 Site ID: B28@ 6.5 1 • 

Thank you for your business. 

• For future reference to this analysis please use SUN# 49863-99392. 

BVALtJA'l'IOH FOR SOIL CORROSION 

SoU pH 7.77 

Minimum Resistivity 

Chloride 

Sulfate 

METHODS 

3.22 o:tm.-cm (zl.000) 

12.6 PPII' 

s.s ppm 

00.00126 !Is 

oo.oooss ' 

pH and Min.Resistivity CA DOT Test #643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 



To: Mike Turner 
Bngeo :enc. 
2213 Plaza Dr. 
Rocklin, CA 

Sunland Analytical 

95765 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 9S670 

(916) 852-8557 

Date Reported 02/13/2007 
Date Submitted 02/09/2007 

Prom: Gene Ol.iphant, Ph.D. \ Randy Korney~ 
General Manager \ Lab Manager I 

The reported analysis was requested for the following location: 
Location: 7645.5.001.01 Site ID; ~29@ 3 1

• 

Thank you for your business. 

• Por future reference to this analysis please use SUN# 49863•99393. 

EVALUATION FOR SOIL CORROSION 

Soil pH 7.28 

Minimum Resistivity 

Chloride 

Sulfate 

METHODS 

4.29 ob.JD-cm (:x.1000) 

7.6 ppm 

1.6 ppm 

00.00076 !Is 

00.00016 !Is 

pH and Min.ReeiutiYity CA J)()T Test #643 
Sul.fate CA DOT Test #417, Chloride CA DOT Test #422 



Sunland Analytical 

To: Mike Turner 
Engeo Inc. 
2213 Plaza Dr. 
Rocklin, CA 95765 

11353 Pyrites Way, Suite 4 
Rancho Cordova. CA 95670 

(916) 852-85S7 

From: Gene Oliphant, Ph.D. \ Randy Horney A~ 

General Manager \ Lab Manager fV-

Dat.e Reported 
Date Submitted 

02/13/2007 
02/09/2007 

'l'he reported analysis was requested for the following lo~ation: 
Location: 7645,5.001.01 Site ID: B12 e 10•. 

Thank. you for your business. 

* For future reference to this analysis please use SUN# 49863-99394. 

EVALUATION ~OR SOIL CORROSION 

Soil pH 6.96 

Mini1ll\Ull Resistivity 

Chloride 

S\\lfate 

METHODS 

2.95 ohm-c:m (zl000) 

4,2 ppm 

42 .2 ppm 

00.00042 It 

00.00422 % 

pK and Min.Resistivity CA DOT Test #643 
Sulfate CA DOT ~eat #417, Chloride CA DOT Test #422 



Sunland Analyncal 

To: Mike Turner 
Bngeo :Inc. 
2213 Plaza Dr. 
Rocklin, CA 95765 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 95670 

(916) 852-8557 

ti.-om: Gene Oliphant. Ph,D. \ ~dy Horn.eyAhl 
General Manager \ Lab Manager·r-

Date Reported 
Date Sul)mitted 

02/l.3/2007 
02/09/2007 

'l'he reported analysis was requested for the following location: 
Location: 7645,5.001.01 Site ID: BS@ 3 1 • 

Thank you £or your business. 

* Par future refere~ce to this analysis please use SUN# 49864-99395. 
---------------4·-------~-------·---------------------------~------------------

EVALUATION YOR SOIL CORROSION 

Soil pH 7.62 

llin:i.nn.mt Resistivity 

Chloride 

Sulfate 

METHODS 

2.68 ohm-C11l (xl000) 

4.6 ppm 

32.9 ppm 

00.00046 % 

00.00329 % 

pB and Min.Resistivity CA DOT Test #643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 



Sunland Analytical 

'l'o: Mike Tu:r:ner 
Engeo I.nc. 
2213 Plaza Dr, 
Rocklin, CA 9576S 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 95670 

(916) 852-85S7 

From: Gene Oliphant, Ph,D, \ Randy KorneyA.J 
General Manager \ La.b Manager 'P~ 

Date Reported 
Dat:e Submit:t:ed 

02/13/2007 
0210,12001 

The reported analysis was requested for the following location: 
Loaation 7645.S,001,01 Site ID: BS 0 3 1 • 

Thank you for your business, 

* Por future reference to this analysis please use SUN# 49B64-99396. 

EVALUATION FOR SOI~ CORROSION 

Soil pH 7.02 

Minimum Resistivity 

Chloride 

Sulfate 

METHODS 

0.88 obm-cm (2t100D) 

8.5 ppm 

206.2 ppm 

00.00085 115 

OO.D2062 115 

pH and Min.Resistivity CA DOT Test #643 
Sulfate CA DOT Test #417, Chlo~ide CA DOT Test #422 



Sunland Analytical 

To, Mike Turner 
Engeo Inc. 
2213 Plaza Dr. 
Rocklin, CA 95765 

113S3 Pyrites Way, Suite 4 
Rancho Cordova. CA 95670 

(916) 852-8S57 

Prom: Gene Oliphant, Ph.D. \ Randy Borney,1 ti 
General Manager \ tab Manager -f-' 

Date Reported 02/13/200? 
Date Submitted 02/09/2007 

'l'he reported analysis was requested for the following location: 
Location: 7645.5.001.01 Site ID; B2B@ 2•. 

Thank you for your buainess. 

• For future reference to this analysis please use S'ON # 49864-99397. 

----~-------------~----------------------------------·-------------------------
EVALUATION FOR SOIL CORROS~ON 

Soil pH 6.54 

Minimum Resistivity 

Chloride 

Sulfate 

ME'J:HODS 

3.48 ohm-cm (xlOOO) 

6.3 ppm 

5. 7 ppm 

00.00063 % 

00.00057 % 

pH and Min.Resistivity CA DOT Test #643 
Sulfate CA DOT Test #417, Chloride CA DOT Test #422 



Sunland Analyncal 

To: Mike Turner 
Bngeo Inc. 
2213 Plaza Dr. 
Rocklin, CA 9S765 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 95670 

(916) 8S2-8557 

From: Gene Oliphant, Ph.D. \ Randy Horney ,.,i 
General Manager \ Lab Manager 1v-

])ate Reported 
Di,te Submitted 

02/13/2007 
02/09/2007 

The reported analysis was requested for the following location: 
Location; 764S.S-O01.O1 Site IP: B9@ 6 1 • 

Thank you for your business. 

* ~or future reference to this analysis please use SUN# 49B64.99398. 

EVALUATXON FOR SOI~ CORROSION 

Soil pH 6.93 

Minimum Resistivity 

Chloride 

Sulfate 

METHODS 

2.95 obm-~ (x1OOO) 

8,2 ppm 

69.0 ppm 

00.00082 !Is 

00. 00690 1li 

pH and ~in.Resistivity CA DOT Test #643 
Sulfate CA OOT Test #417, Chlor!oe CA DOT Test #422 



Sunland Analytical 

To; Mike Turuer 
Engeo Inc, 
2213 Plal!la Dr. 
Rocklin. CA 95765 

11353 Pyrites Way, Suite 4 
l,h.ncho Cordova, CA 95670 

(916) 852-8557 

Date Reported 02/13/2007 
Date Submitted 02/09/2007 

Proms Gene Oliphant, Ph.D. \ Randy Homev.-,,~ 
General Manager \ Lab Manage~yv 

The reported analysis ~as requested for the following lo~ationi 
t.oeation t 7645.5.001.01 Site XD: B22@ 10.s•. 

Thank you for your business. 

* For future reference to this analysis please use SUH# 49864-99399. 

EVALUATXON 7OR SO~L COMOS?ON 

Soil pB 6.77 

MiniJll'WJt Resistivity 

Chloride 

Sulfate 

ME'l'IIODS 

6.97 ohm-cm (x1000) 

12.2 ppm 

5-9 ppm 

00.00122 % 

00.00059 !ls 

pH ~nd Min.Resistivity CA DOT Test #643 
Sulfaee CA DOT Test #417, Chloride CA DOT Test #422 



Sunland Analyncal 

To: Hike Turner 
Engeo Inc. 
2213 Plaza Dr. 
Rocklin, CA 95765 

11353 Pyrites Way, Suite 4 
Rancho Cordova, CA 9S670 

(916) 8S2-8557 

F:rom: Gene Oliphant, Ph.D. \ Randy Borney1lA 
General Manager \ Lab Manager ( 

I>-.te Reported 
Date Submitted 

02/13/2007 
02/09/2007 

The reported analysie was requested for the following location: 
Location: 7645.5.001.01 Site ID: B20@ 1.s•. 

Thank you for your business. 

* For future reference co this •nalysis please use StJH # 49864-99400. 

EVALUATION FOR SOIL CORROSION 

Soil pK 8.05 

Minimum Resistivity 

Chloride 

Sulfate 

METHODS 

4.56 ohm-am (XlODO) 

8.1 ppm 

25.9 ppm 

00.00081 % 

00,00259 % 

pX and ldin.Resistivity CA DOT Test #643 
Su1£ate CA DOT Test #417, Chloride CA DOT Test #422 



'l'o: Mike Turner 
Engeo Inc. 
2213 J?laza Dr. 
Rocklin, CA 

Sunland Analytical 

95765 

11353 Pyrites Way, S\lite 4 
Rancho Cordova. CA 95670 

(916) 8S2-85S7 

Date Reported 02/13/2007 
Date Submitted 02/09/2007 

Prom: Gene., Oliphant, Ph,D, \ Randy B0:rnelr4A 
General Manager \ Lab Manager~V 

'l'he reported analysis was requested for ~he following location: 
Location; 7645.5.001,01 Site ID: B30@ 1 1 • 

Thank you for your business. 

• For future reference to this analysis please use SUH# 49864•99401. 

---~-------------·----------------------------------------·~-------------------
BVALOATION FOR SOIL CORROSION 

Soil pH 7.26 

Minimum Resistivity 

Chloride 

Sulfate 

METHODS 

3.48 obm-cm (xlOOO) 

8,4 ppm 

27.7 ppm 

00.00084 !Is 

00.00277 % 

pH and Min.Resistivity CA DOT ~est #643 
Sulfate CA DOT Test #417, Chloride CA DOT 'l'est #422 
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