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Attention: Ben Mossman, President 

Reference: Idaho-Maryland Mine Project 

Subject: Geotechnical Assessment of Near Surface Mine Features 

Dear Mr. Mossman, 

NV5 prepared this letter to summarize our assessment of geotechnical engineering conditions 
related to specific historical near-surface mine features associated with the Idaho-Maryland 
Mine (IMM) Project. 

1 INTRODUCTION 

1.1 PURPOSE 

The purpose of the assessment was to provide an analysis of the potential for surface impacts 
at the location of known near-surface mine features resulting from dewatering of the 
underground mine workings as part of proposed IMM underground mining operations. The 
potential impacts evaluated herein include the potential for near-surface instability resulting 
from drawdown of the water level in the mine workings. 

1.2 SCOPE 

The assessment included review of surface conditions and existing improvements at the feature 
locations, review of as-built documentation of the underground workings, the Project 
Description of the Idaho-Maryland Mine Project, and discussion of the proposed future mining 
operations with a representative of Rise Grass Valley, Inc. (Rise). This letter presents NV5’s 
opinion regarding the identified features and provides preliminary recommendations for 
mitigation of potential geotechnical impacts. 

1.3 BACKGROUND 

The features addressed as part of this assessment are depicted on the attached Sheet A207, 
Mine Workings, Near Surface, Showing Location and Geometry (Rise Grass Valley, Inc., August 
15, 2019). The plan and cross sections are based on a digital LiDAR derived surface model and a 
digital model of the as-built mine workings. 
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Rise’s acquisition of the Idaho-Maryland Mine Property included a significant collection of 
historic records of the Idaho-Maryland Mine such as reports, production records and data, 
financial statements, development reports, survey data, exploration drill results, maps showing 
mine workings, geological information, and assay results. The historical records have been 
compiled by Rise, reviewed by Amec Foster Wheeler (Amec, 2017) and were used by Rise to 
locate near surface mine workings. 

The Idaho-Maryland Mine was first located as the Eureka claim in 1851, targeting a gently 
easterly-raking ore shoot located on the eastern side of Grass Valley. In 1915, the Eureka, Idaho 
and Maryland claims were assembled under Errol MacBoyle and reopened. MacBoyle 
consolidated the Brunswick and Morehouse mines into the Idaho Maryland group in 1926. The 
mine was forced to close at the onset of World War II but reopened after the war and 
continued operations until final closure in 1957. 

Subsequent land use in the area shifted toward urban development and land holdings were 
subdivided and rezoned for commercial, light industrial and residential use. Over this period, 
some near-surface mining excavations were closed, filled, or obscured by earthwork grading 
and development. NV5 performed record searches and located as-built documentation or 
records of closure for some of the near-surface features. Other features were historically closed 
without engineering design or agency oversight. 

The current water elevation in the mine is approximately 2,500 feet above mean sea level 
(amsl) and currently drains by gravity from the East Eureka Shaft (referenced as Feature 4 on 
the attached Table 1). In order to recommence mining, the underground mine must be 
dewatered, and groundwater entering the mine must be continuously pumped during the 
mining operation. Approximately 2,500 acre-feet (approximately 815 million gallons) of water 
are expected to be pumped from the underground workings during the initial 6-month 
dewatering period (EMKO, 2020), lowering the water level in the mine approximately 3,200 feet 
from the current water elevation in the mine of 2,497 feet amsl. When the water level in the 
mine workings is located near the ground surface, the drawdown of groundwater within the 
mine workings may increase the potential for settlement or collapse of shallow workings that 
were not formally closed. Near surface workings that are already in a dewatered state would 
generally not be significantly impacted by dewatering the mine.  

In addition, near-surface mine openings that are not sealed have the potential to serve as a 
conduit for air between the underground mine workings and the ground surface. This natural 
ventilation can be of concern when structures are built over or adjacent to such mine features. 
This has been identified as a potential concern for the East Eureka Shaft (Table 1, Feature 4). 
Rise has entered into a cooperation agreement to assist the subject property owner in physical 
closure of this feature to mitigate the potential for air transfer. 

This assessment focuses on specific near-surface mine features because they are generally 
more susceptible to subsidence and collapse than are deeper mine workings. The near-surface 
features may be located in weaker materials (soil and weathered rock); whereas the deeper 
mine workings are commonly located in competent bedrock. In addition, the underground mine 
workings focused on removal of quartz vein materials that are generally narrow, so the collapse 
of a deep (e.g., 100 feet bgs) mine feature is not likely to be expressed at the ground surface.  
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Rise does not plan to mine above 500 feet bgs and so the only subsidence risks requiring 
evaluation are the existing historic workings. 

2 FINDINGS 

Assessment findings are presented below by mine feature. Feature locations are depicted on 
the attached Sheet A207 (Rise, 2019). Feature characteristics and preliminary 
recommendations are summarized in the attached Table 1. A list of references is presented in 
Section 4. 

2.1 EUREKA SHAFT 

The Eureka Shaft is located at 125 Spring Hill Drive and is likely beneath a commercial building 
with slab-on-grade floor. The building is currently occupied by Eagle Lift Automotive and other 
businesses. According to Rise this feature is associated with mine workings that have been idle 
since the 1920s. 

A geotechnical engineering report for Wolf Creek Industrial Park by Lowry and Associates 
(1985) identified the Eureka shaft and provided general design recommendations for 
excavation and physical closure using wood timbers, steel beams and concrete. Lowry 
recommended that all shaft treatment work be observed and evaluated by their engineering 
geologist. 

A geotechnical investigation was also performed by others at 125 Springhill Drive by Earthtec 
Ltd. (1989) prior to site development. The investigation report did not identify the subject 
feature or any historical mining excavation. 

The original shaft construction likely included a concrete collar. The specific method of physical 
closure is not known, and no specific closure documentation is available beyond the Lowry 
1985 report. No structure distress is known, although the interior of the building has not been 
observed. As depicted in Section A, the shaft is nearly vertical. Based on the water level in the 
mine workings determined by EMKO (2020) and ground surface elevations from LIDAR data 
(Aero Geomatics Ltd., May 2018) the water level in the mine workings is anticipated at 
approximately 35 feet bgs and is likely in bedrock. 

2.2 EUREKA VERTICAL SHAFT 

The Eureka Vertical Shaft is located in the vicinity of the westbound lane/sidewalk of Spring Hill 
Drive near its intersection with Idaho Maryland Road. The feature appears to be covered by 
pavement, sidewalk or landscaping area associated with the road. According to Rise this feature 
is associated with mine workings that have been idle since the 1920s. 

A geotechnical engineering report for Wolf Creek Industrial Park by Lowry and Associates 
(1985) did not specifically identify this shaft. However, Lowry identified the adjacent Eureka 
Shaft which they provided general design recommendations for excavation and physical closure 
using wood timbers, steel beams and concrete. Lowry recommended that all shaft treatment 
work be observed and evaluated by their engineering geologist. Lowry performed visual 
surveys, geophysical surveys, and test boring in the area as part of the investigation for the 
Wolf Creek Industrial Park. 
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The specific method of physical closure is not known, and no specific closure documentation is 
available. No settlement of the ground surface is apparent. As depicted in Section B, the shaft is 
nearly vertical. Based on the water level in the mine workings determined by EMKO (2020) and 
ground surface elevations from LIDAR data (Aero Geomatics Ltd., May 2018), the water level in 
the mine workings is anticipated at approximately 17 feet bgs. 

2.3 EUREKA DRAIN 

The Eureka Drain is a black corrugated plastic culvert which comes from the hillside below 109 
and 125 Spring Hill Drive on the north side of Idaho-Maryland Road. It is located approximately 
100 feet west of the Idaho Maryland Road/Spring Hill Drive intersection and enters a culvert 
that passes under Idaho Maryland Road and discharges to Wolf Creek. The water quality 
parameters at the Eureka Drain are similar to those of the Eureka Shaft (EMKO, 2020), 
suggesting that the two are hydraulically connected. This modern drain would likely have been 
installed during development of 109 and 125 and Spring Hill Drive. A geotechnical engineering 
report for Wolf Creek Industrial Park by Lowry and Associates (1985) identified the a spring at 
the Eureka Shaft and provided general design recommendations for a full sub drainage piping 
and recommended specific subdrain recommendations upon review of the final grading plans 
and filed conditions encountered during grading. This drain may be part of the drainage plan 
implemented. 

2.4 EAST EUREKA SHAFT 

The East Eureka Shaft is located at 815 Idaho Maryland Road beneath a commercial office 
building occupied by Navo and Sons, as shown approximately on Section E. Access to the 
feature is limited by the existing building. Below the building, the feature is suspected to be 
open and supported with a concrete collar. A small steel pipe passes through the east side of 
the building from a sump adjacent to the feature (EMKO, 2020). Further investigation and 
physical closure are recommended. Rise and the property owner have entered into a 
cooperation agreement to allow Rise to assist the property owner to close this feature before 
or at the commencement of dewatering. 

2.5 EAST EUREKA DRAIN 

The East Eureka Drain includes an approximately 24-inch diameter culvert that extends 
approximately 70 feet to the southwest from the East Eureka Shaft through a gravel parking lot. 
The drain discharges to Wolf Creek. Further investigation and physical closure are 
recommended. Rise and the property owner have entered into a cooperation agreement to 
allow Rise to assist the property owner to close this feature before or at the commencement of 
dewatering. 

2.6 IDAHO DRAIN TUNNEL 

The Idaho Drain Tunnel (Idaho Drain Drift, depicted in Section F) is located at 865 Idaho 
Maryland Road, and appears to be a horizontal excavation that was covered by previous 
earthwork grading. 
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Minor seepage was observed emanating from bottom of the fill into Wolf Creek in February 
2020. Water level in the mine workings is likely present near the elevation of the drain portal, 
which is lower than the current ground surface elevation as a result of the fill placed over the 
area. Based on information provided by a neighboring property owner, the boulders and fill 
were placed in the tunnel portal approximately 15 years ago. No closure documentation 
available. 

2.7 IDAHO PUMP SHAFT 

The Idaho Pump Shaft (depicted in Section F) is located in an industrial yard at 865 Idaho 
Maryland Road. Previous earthwork grading to construct the industrial yard resulted in the 
placement of fill over the Idaho Pump Shaft. 

The property owner indicated that the settlement at the ground surface was observed 
approximately 5 years ago at a location approximately 100 feet south of the mapped location of 
the Idaho Pump Shaft. The settlement was subsequently backfilled. No closure documentation 
is available for the Idaho Pump Shaft or the nearby settlement feature. 

Water level in the mine workings is expected at approximately 27 feet below the current 
ground surface. 

Further investigation and physical closure are recommended. Rise and the property owner have 
entered into a cooperation agreement to allow Rise to assist the property owner to close this 
feature before or at the commencement of dewatering. 

2.8 IDAHO SHAFT 

The Idaho Shaft (depicted in Section G) is a larger diameter incline shaft extending from the 
ground surface to the 2,000-level of the mine. The shaft is located immediately south of a large 
concrete ore bin that remains from the historical mining operations. The ore bin was observed 
to be tilting to the south, presumably as a result of settlement around the Idaho Shaft collar, 
which is reportedly covered by a concrete cap and soil/rock fill. Further investigation and 
physical closure are recommended. Rise and the property owner have entered into a 
cooperation agreement to allow Rise to assist the property owner to close this feature before 
or at the commencement of dewatering. 

The property owner indicated that approximately two years ago settlement of the ground 
surface was observed near the shaft location and was backfilled with boulders and soil. No 
documentation available. Additional settlement at the shaft location, measuring approximately 
four feet by five feet wide and 18 inches deep, was observed in February 2020.Further 
investigation and physical closure are recommended. Rise and the property owner have 
entered into a cooperation agreement to effect this closure before of at the commencement of 
dewatering. 

2.9 OLD AIR RAISE 

The Old Air Raise (see Section J) is located in the vicinity of the westbound lane/center of 
Whispering Pines Lane between Idaho Maryland Road and Clydesdale Court. The feature 
appears to be covered by fill and pavement or landscaping. 
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Geotechnical engineering reports for Whispering Pines by Lowry and Associates (1983, 1986) 
did not specifically identify the feature. However, Lowry recognized the presence of numerous 
historic mine features in its report to support the development of the Whispering Pines 
Industrial Park, provided recommendations for closure of historic mine features, and required 
all shaft treatment work to be observed and evaluated by an engineering geologist from their 
firm. Its mapped location appears to be at a location where the road fill is approximately nine 
feet deep. 

The method of physical closure is not known, and no closure documentation is available. No 
settlement of the ground surface is apparent. As depicted in Section J, the shaft is nearly 
vertical. Based on the water level in the mine workings determined by EMKO (2020) and ground 
surface elevations from LIDAR data (Aero Geomatics Ltd., May 2018), the water level in the 
mine workings is anticipated at approximately 75 feet bgs. 

2.10 ROUNDHOLE SHAFT (IDAHO #2) 

The Roundhole Shaft is located approximately 200 feet west of Brunswick Road between Idaho 
Maryland Road and Whispering Pines Lane. The feature includes a five-foot diameter vertical 
shaft bored to the 1000-level of the mine. The shaft was used for ventilation and transportation 
of supplies to the upper mine levels. Boring logs indicate that the upper 44 feet of the shaft 
were mined by hand and square set. Bedrock (gabbro) was encountered from 44 to 180 feet 
bgs and was underlain by serpentinite. The shaft is likely supported by a concrete collar near 
the ground surface and was observed to be covered with a concrete slab. The water level in the 
Roundhole Shaft is located in the underlying bedrock, below the weaker near-surface materials. 
The shaft is nearly vertical and water level in the mine workings is anticipated at approximately 
165 feet bgs. 

2.11 OLD BRUNSWICK INCLINE SHAFT 

The Old Brunswick Incline Shaft is located at 12305 Bet Road. The feature extends from the 
ground surface at an incline of approximately 45 to 50 degrees to the 1,250-level of the mine. A 
Non-engineered soil/rock backfill collapsed in 1998 at the existing residence location. The 
collapse was likely associated with a vertical excavation to the ground surface from the incline 
shaft. The collapsed portal was closed by engineered design and the foundation residence was 
underpinned (Carlton Engineering, Structural Engineer Thomas Burkhart, S.E. 4378) in 2000 and 
2001. Design and permitting documents are on file with Nevada County Building Department 
(Permit # 72094). The permit status is listed as final and closed. Based on the water level in the 
mine workings determined by EMKO (2020) and ground surface elevations from LIDAR data 
(Aero Geomatics Ltd., May 2018), the water level in this feature is expected to be at depth in 
bedrock.  

2.12 OLD BRUNSWICK RAISE (SHAFT #2) 

The Old Brunswick Raise (Section N) is mapped in a forested area at 12448 Old Mine Road and 
may be located beneath waste rock. According to Rise, this relatively shallow working is 
associated with the original mining exploration in the area. The feature is likely located above 
the water level in the mine workings elevation. Based on information provided by Rise, the 
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water level in this feature is expected to be at depth in bedrock. This feature is already 
dewatered and therefore the planned dewatering will have no effect on this feature. The Old 
Brunswick mine features were described during the parcel map creation in a geotechnical 
report by Anderson (1986) who conducted test boring and delineated areas inappropriate for 
residential construction over the Old Brunswick mine features which were incorporated into 
the final map for Bet Acres.  

2.13 OLD BRUNSWICK 70-LEVEL STOPE 

The Old Brunswick 70-level stope includes a relatively shallow mine excavation in the vicinity of 
12477 and 12401 Old Mine Road and 12305 Bet Road. The stope extends from tunnel level 
upward towards the ground surface. As shown on Section M, the stope extends upwards to an 
elevation of approximately 88 feet bgs. 

This feature is already dewatered and therefore the planned dewatering will have no effect on 
this feature. The Old Brunswick mine features were described during the parcel map creation in 
a geotechnical report by Anderson (1986) who conducted test boring and delineated areas 
inappropriate for residential construction over the Old Brunswick mine features which were 
incorporated into the final map for Bet Acres.  

Shallow workings, referred to as the “70-foot level tunnel” (approximately 50-54 vertical feet 
below shaft surface), extend a few hundred feet in a general east-southeasterly direction from 
the Old Brunswick Incline Shaft. 

The feature is located beneath forested property and in the vicinity of residential driveways. 
Water level in the mine workings is relatively deep at this location. Based on information 
provided by Rise, the water level in this feature is expected to be at depth in bedrock. 

This feature is already dewatered and therefore the planned dewatering will have no effect on 
this feature. The Old Brunswick mine features were described during the parcel map creation in 
a geotechnical report by Anderson (1986) who conducted test boring and delineated areas 
inappropriate for residential construction over the Old Brunswick mine features which were 
incorporated into the final map for Bet Acres.  

2.14 OLD BRUNSWICK DRAIN TUNNEL 

The Old Brunswick Drain Tunnel is a lateral excavation that is mapped on a hillside where it 
meets the ground surface. The portal was not observed and may have been covered over or 
collapsed. Based on the water level in the mine workings determined by EMKO (2020) and 
ground surface elevations from LIDAR data (Aero Geomatics Ltd., May 2018), the water level in 
this feature is expected to be at depth in bedrock. 

This feature is already dewatered and therefore the planned dewatering will have no effect on 
this feature. The Old Brunswick mine features were described during the parcel map creation in 
a geotechnical report by Anderson (1986) who conducted test boring and delineated areas 
inappropriate for residential construction over the Old Brunswick mine features which were 
incorporated into the final map for Bet Acres.  
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2.15 NEW BRUNSWICK SHAFT 

The New Brunswick Shaft is a deep, large-rectangular vertical shaft that extends from the 
ground surface to below the 3280-level of the IMM. The portal is covered by a steel plate. The 
prominent cylindrical ore bin adjacent to the portal is still intact. The shaft is to be used as part 
of the proposed mining project. 

3 CONCLUSIONS AND PRELIMINARY RECOMMENDATIONS 

NV5 presents the following conclusions and preliminary recommendations based on the 
assessment findings presented above. Mine dewatering is not likely to have a significant effect 
on the historical, near-surface mine features analyzed herein.  Mitigation (physical closure) is 
recommended at the East Eureka Shaft, East Eureka Drain, Idaho Drain Tunnel, Idaho Pump 
Shaft and Idaho Shaft, which are currently open or partially-closed. The proposed mitigation 
measures are readily-implemented, and cooperation agreements are in place to allow Rise to 
assist the property owners with closure. The assessment did not include subsurface 
investigation to confirm the actual subsurface conditions; therefore, these recommendations 
are considered preliminary and may need to be updated based on conditions encountered 
during physical closure work or future investigation(s). Specific recommendations for each 
feature are listed in Table 1. 

1. Investigate and Close: For locations where water level in the mine workings is present at 
or near the ground surface and no records of physical closure are known, NV5 
recommends further investigation and development of physical closure design. This 
includes near-surface features associated with the East Eureka Shaft, East Eureka Drain, 
Idaho Drain Tunnel, Idaho Pump Shaft and Idaho Shaft. 

2. Survey and Monitor: For paved locations where water level in the mine workings is 
present at depths less than 100 feet and no records of physical closure are known, 
impact to near-surface features is not considered likely as a result of the proposed 
dewatering. However, NV5 recommends documentation of baseline conditions (current 
ground surface elevations) and periodic monitoring during future dewatering/mining 
operations. The ground surface at these locations should be surveyed prior to 
dewatering so that the locations can be monitored for possible future settlement. 
Surveying should include ground surface elevation relative to mean sea level to an 
accuracy of 0.01 foot, and horizontal coordinates (latitude and longitude) in decimal 
degrees using methods that satisfy state regulations. Surveying should be performed by 
a California Registered Professional Land Surveyor. 

3. Notify and Document: NV5 recommends photographic documentation of surface 
conditions before, during and after dewatering for the following cases, where impact to 
near-surface features is not considered likely as a result of the proposed dewatering. 

a. Developed locations where the water level in the mine workings is present at depths 
less than 100 feet, and although the features were previously closed, no formal 
record of physical closure was identified. 



Project No. 5279.02 Geotechnical Assessment of Near Surface Mine Features 
June 11, 2020 Idaho-Maryland Mine Project 

Delivering Solutions — Improving Lives NV5 | 9 

b. Undeveloped locations where water level in the mine workings is present at depths 
less than 10 feet and no records of physical closure are known. The currently 
undeveloped locations should not be developed without investigation and 
engineered physical closure. 

4. No Action: For locations where the water level in the mine workings is relatively deep 
(i.e., greater than 100 feet bgs) and/or the mining feature has previously been physically 
closed, the chance of near-surface impact associated with dewatering is considered 
remote. This evaluation does not eliminate the possibility of future settlement at these 
historical excavation locations, but finds that the possibility of impact resulting from the 
proposed dewatering is remote. 
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5 LIMITATIONS 

NV5’s assessment was limited to the specific features identified in this letter. Other features 
may be present that were not addressed herein. 

NV5’s scope was limited to the review of surface conditions and historical as-built 
documentation. No subsurface investigation was performed. Therefore, this assessment did not 
completely characterize subsurface conditions, and conditions may exist that require 
modification of our preliminary recommendations and proposed mitigation measures. 

NV5’s professional services were performed consistent with the generally accepted 
geotechnical engineering principles and practices employed in northern California. No 
warranty, expressed or implied, is made or intended in connection with our work. 

These services were performed consistent with NV5’s agreement with our client. We are not 
responsible for the impacts of any changes in 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 party's sole risk. 

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 subject site or adjacent properties. 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. 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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Please contact us if you have any questions regarding our findings or the conclusions and 
recommendations presented in this letter. 

Sincerely, 

NV5 

Daniel A. Vieira, P.G. 9725 Chuck Kull, G.E. 2359 
Project Geologist Principal Engineer 

Attachments: Sheet A207, Mine Workings, Near Surface, Showing Location and Geometry (Rise, 2019) 
Table 1, Summary of Geotechnical Assessment 
Additional References 

Copies: PDF to Rise Grass Valley Inc. /Attn: Ben Mossman, ceo@risegoldcorp.com 

F:\1 Projects\5279 Idaho-Maryland Mine\02 Geotechnical\03 Near-surface workings\report\final draft\Geotechnical Review of Near-
Surface Features IMM Project.docx 

mailto:ceo@risegoldcorp.com
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Table 1 – Summary of Geotechnical Assessment of Near-Surface Mine Features and Preliminary Recommendations  
Idaho Maryland Mine Project 
Nevada County, California 

ID 
No. Feature Grass Valley Street Address and APN 

Approximate 
Latitude and 

Longitude 
(degrees) 

Existing Surface Conditions Known Water 
Discharge 

Approximate Ground 
Surface Elevation             

(ft amsl) 

Estimated Depth to 
Static Groundwater*    

(ft bgs) 

Preliminary Recommendation        
(see Section 3) 

1 Eureka Shaft 125 Spring Hill Drive (009-201-022) 39.2243, 
-121.0424 

commercial building, 
slab-on-grade No 2532 35 Notify and Document 

2 Eureka Vertical 
Shaft 

Westbound lane/sidewalk of Spring Hill 
Drive (no APN) 

39.2240, 
-121.0420 

street pavement, sidewalk, 
planter, utility vaults No 2514 17 Survey and Monitor 

3 Eureka Drain Vicinity of Eureka Shaft  
(009-720-001 and 009-550-041) 

39.2239, 
-121.0402 street pavement Yes 2502 5 Notify and Document 

4 East Eureka 
Shaft 

815 Idaho Maryland Road 
(009-550-041) 

39.2237, 
-121.0403 

commercial building,  
framed floor Yes 2501 4 Investigate and Close 

5 East Eureka 
Drain 

815 Idaho Maryland Road 
(009-550-041) 

39.2235, 
-121.0404 gravel surface parking lot Yes 2497 0 Investigate and Close 

6 Idaho Drain 
Tunnel 

865 Idaho Maryland Road 
(009-680-021) 

39.2235, 
-121.0396 industrial yard, soil/rock fill No 2516 19 Investigate and Close 

7 Idaho Pump 
Shaft 

865 Idaho Maryland Road 
(009-680-021) 

39.2235, 
-121.0392 

industrial yard, soil/rock fill, 
settlement nearby No 2524 27 Investigate and Close 

8 Idaho Shaft 865 Idaho Maryland Road 
(009-680-021) 

39.2235, 
-121.0387 

concrete cap, soil/rock fill, 
settlement No 2526 29 Investigate and Close 

9 Old Air Raise 
Westbound lane/center of Whispering 

Pines Lane  
  

39.2231, 
-121.0369 street pavement, median planter No 2572 75 Survey and Monitor 

10 Roundhole 
Shaft 

200 feet west of Brunswick Rd between 
Idaho Maryland Rd and Whispering Pines 

  

39.2225, 
-121.0272 concrete slab No 2670 173 No Action 

11 Old Brunswick 
Incline Shaft 

12305 Bet Road 
(009-581-019) 

39.2158, 
-121.0221 

residence, engineered closure 
under building permit No 2854 357 No Action 

12 
Old Brunswick 

Raise (Shaft 
 

12448 Old Mine Road (009-581-053) 39.2150, 
-121.0211 earth fill, waste rock No 2816 319 No Action 

13 70-Level Stope 12477 & 12401 Old Mine Road and 12305 
Bet Road (009-581-016, 017, 019) 

39.2150, 
-121.0215 

vacant wooded area,  
residential driveway No 2830 330 No Action 

14 Old Brunswick 
drain tunnel 12448 Old Mine Road (009-581-053) 39.2139, 

-121.0223 
vacant wooded area,  
residential driveway No 2742 245 No Action 

15 New Brunswick 
Shaft 12301 Millsite Road (009-630-039) 39.2111, 

-121.0180 
mine site, 
steel plate No 2756 259 

Not applicable: to be used as part 
of the  proposed mining 

 
Notes: 
*The depth to groundwater was estimated based on the difference between the estimated ground surface elevation at the feature location and the estimated static groundwater elevation within the mine workings (2,497 ft amsl). 
All coordinates and elevations are estimated and were not determined by survey. Therefore, the locations and elevations should not be relied upon as being exact.  
amsl = above mean sea level 
APN = Nevada County assessor parcel number 
ft = feet 
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4.0 Environmental Analysis 

4.5 Geology, Soils, and Seismicity 

tectonics, volcanic activity within the southern Cascade Range and from regional tectonic activity 
within the Basin Range province to the east could constitute future sources of seismic activity. 

Earthquake-Induced Ground Failure 

Violent ground shaking can lead to various types of ground failure that liquefaction can initiate. 
Liquefaction is a phenomenon whereby unconsolidated and/or near saturated soils lose cohesion 
and are converted to a fluid state as a result of severe vibratory motion. As discussed above, the 
project area could experience ground shaking during an earthquake but because the intensity of 
the ground shaking in this region would be low to moderate, the potential for liquefaction and 
seismically-induced landslides is low. The threat of damage by liquefaction is not a concern for 
the IOI-acre Idaho-Maryland site because subsurface materials beneath the property are mostly 
lacking in the combination of soil types and groundwater conditions needed for this type of 
failure. Some localized, shallow slope failures (e.g., contained debris flows or slumps) may occur 
during an earthquake but there is a low potential for these incidents to cause injury or damage. 

Mining-Induced Subsidence or Collapse 

Subsidence and sudden collapse of the ground surface can be caused by natural geologic 
phenomenon (gradual subsidence from groundwater and oil removal, decomposition of organic 
material, roof failures in underground limestone caves) and by the failure of subsurface manmade 
features, such as tunnels, water lines, and mine shafts. Mining and construction operations over 
mine workings (i.e., tunnels and portals) can compromise the structural integrity of a shallow 
mine tunnel resulting in a cave-in. Caving in a shallow mine tunnel or portal can be expressed at 
the surface as rapid or gradual ground surface subsidence. Shallow mine workings are more 
susceptible to caving because the geologic materials between the shaft and the surface are less 
competent than the bedrock at depth. For example, a portion of the Old Brunswick shaft of the 
Idaho-Maryland mine collapsed during a storm in 1998 causing a sinkhole that structurally 
damaged the foundation of a private home. The shaft collapse occurred because a contractor 
inadvertently built a house over an abandoned 45-degree inclined shaft years after it was 
backfilled with uncompacted material. The surface subsidence occurred when the loose 
uncompacted material covering the shaft became saturated with surface water and washed down 
the shaft. 

At the Idaho Maryland Mine, most of the mine workings are deep and the potential is low for a 
collapsed mine tunnel to affect the ground surface. However, there are areas where shallow mine 
workings could cave-in resulting in ground surface subsidence. 

Slope Stability 

Unstable soils can result from vegetation removal associated with wildfires, timber harvesting, 
mining, and grading as part of road and building and site development. Significant precipitation 
can exacerbate unstable conditions, resulting in landslides and mudslides. Slope failures include 
falls; topples; slides (rotational or translational); lateral spreads; flows (in bedrock or soils); or a 
complex combination of two or more of the five types of movement. Relative stability is 
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liquefaction, landslides, substantial soil erosion or the loss of topsoil due to construction 
activities, and expansive soils would be less than significant. These potential hazards were 
discussed above in the setting section but are not further analyzed in this EIR. Please note that 
soil erosion impacts associated with sustained increases in flow due to dewatering activities and 
discharge into the Wolf Creek Watershed are analyzed in Section 4.7, Hydrology and Water 
Quality. 

Impacts and Mitigation Measures 

Reclamation Plan Impacts (Class IV-No Impact) 

The proposed Reclamation Plan includes several actions necessary to restore the project site and 
prepare it for the proposed subsequent use. The proposed subsequent use could consist of 
commercial/industrial development. Those reclamation plan actions with geotechnical and 
seismic considerations include backfilling drill holes and water wells, concrete capping of 
underground accesses, backfilling shafts and portals, clearing the site of foundations, drawing 
down stockpiles, demolishing access roads, revegetation and re-soiling. From a geotechnical 
standpoint, the actions under the Reclamation Plan actions can be considered site improvements 
that would reduce future geologic impacts on the project areas. For example, revegetation, re­
soiling, and removal of foundations would reduce erosion and loss of topsoil and would stabilize 
near-surface soils. Compaction, slope contouring, and backfilling would comply with the local 
and State building code requirements. Reclamation Plan actions would not reduce the potential 
for earthquakes but the removal of structures and other equipment would decrease the potential 
impacts associated with structural failure or collapse during a seismic event. 

Impact 4.5-1: Proposed dewatering and mining activity could cause shallow mine workings 
to cave-in resulting in subsidence at the ground surface at some locations. Subsidence due to 
collapsed shallow tunnels and mine portals could injure mine workers and the public or 
result in property loss both at the project site and on adjacent parcels. Less t/,an Significant 
wit/, Mitigation (Class II). 

Some areas on or nearby the project site would be susceptible to surface subsidence in the event 
of a mine tunnel or portal cave-in.7 The applicant has identified the proposed decline portal and 
the concrete collar of the New Brunswick Shaft as project areas susceptible to a cave-in and 
surface subsidence. All other areas proposed for mining would be sufficiently deep and an 
unanticipated collapse of these deep workings would not cause surface subsidence. The 1995 EIR 

7 In a mine tunnel, the degree of caving from above into the tunnel is dependent on the size of the tunnel; at some 
point, the cave-in stops because the tunnel fills up with material and the cave-in is essentially "choked-ofl''. The 
existing tunnels at the Idaho-Maryland Mine arc relatively small (e.g. only 6 feet high and narrow) compared to 
tunnels built today. Considering the size of the existing tunnels, this analysis conservatively considers that 
70 venical feet of caving would occur before the cave-in stops. The actual extent of upward caving would likely be 
less. However, the 70-foot estimate provides a means to identify and categorize shallow mine workings; this 
analysis assumes that if the mine tunnel is less than 70 feet deep, there is a potential for surface subsidence to occur 
if that tunnel collapses. 
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identified other locations where there is a potential for subsidence to occur. 8 The first location is 
on the order of a couple hundred feet of tunnel trending in a generalized south-southwesterly 
direction from the collar of the "Old Brunswick Incline Mine Shaft", which reportedly was an old 
drainage tunnel that is no longer in use (GeoSolutions, 2008). The second location of potential 
subsidence is a few hundred feet of tunnel trending in a generalized east-southeasterly direction 
from the "Old Brunswick Incline Mine Shaft"; this tunnel section was previously interpreted as 

the 70-foot level of the Old Brunswick Mine (70 foot level tunnel).9 The 1995 Draft EIR also 
mentions subsidence potential in the area of assessor parcel numbers 09-581-12, 09-581-13 and 
09-581-17. These parcels are privately owned but are considered in the analysis because they are 
proximate to and could be affected by subsidence of the "70-foot level tunnel." Based on the 
available information, the analysis of subsidence for this EIR considered the structural integrity of 
the proposed decline portal, the concrete collar of the New Brunswick Shaft, and the areas 
identified during the 1995 EIR, as discussed below. 

Although the proposed decline portal would be shallow for a certain distance, it would be 
constructed with internal structural features consisting of a combination of wire mesh reinforced 
concrete and/or steel supports. The applicant proposes to place concrete and steel supports in the 
decline portal and tunnel for an adequate distance until the decline reaches a depth where it is 
surrounded by fresh, unweathered, competent bedrock. Given the proposed construction 
techniques and current state of the art in mining engineering and construction, the decline portal 
would not be susceptible to subsidence after completion and throughout the life of the project. 

The concrete collar of the New Brunswick shaft is a concern for the proposed project because the 
concrete may be too old and structurally weak to support the weight of structures needed to 
support the dewatering pumps and other mining-related construction. Failure of the concrete 
collar is considered an adverse impact because if the concrete were to fail, it could cause 
localized cave-in, subsidence, and structural collapse, which could injure workers, cause property 
damage, and result in construction delays. It should be noted that the public would not be able to 
access the Brunswick Shaft area; restricting access would therefore eliminate the public's 
exposure to potential subsidence hazards at that location. 

The former drainage tunnel and "70-foot level tunnel" still represents a potential subsidence 
hazard because these two tunnels were identified as shallow mine workings. Although the 
proposed project would likely not affect these two sites, a cave-in of one of the tunnels could 
cause injury or property damage if surface subsidence were to occur. Because these locations are 
proximate to the project and subsidence could affect project operations, this EIR considers 
subsidence in these locations a potential adverse impact of the project. 

8 It should be noted that the 1995 EIR identified the areas discussed herein as potential areas of subsidence but did 
not prescribe mitigation because the applicant's project would not affect these areas. 

9 It should be noted that although this tunnel is named the '70 foot level tunnel", its vertical distance from the ground 
surface is not 70 feet. Lateral tunnels connected to this shaft are labeled by their slope distance down centerline of 
the declined shaft instead of their vertical distance from ground surface. Because the shaft slopes at an angle of 
about 50 degrees to the horizontal in a southeast direction, the maximum vertical distance between top of tunnel to 
the ground surface is likely to be about 54 feet in the area adjacent to the portal of the shaft. 
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Reclamation Plan 

Actions required under the Reclamation Plan would reduce the potential for future cave-ins and 
surface subsidence. The Idaho-Maryland site portal, Idaho-Maryland shaft, Round Hole shaft, and 
the New Brunswick site shaft would be capped with concrete thereby reducing the potential for 
cave-in or collapse of these near-surface mining structures. Reclamation of underground shafts 
and headings would be completed by the use of paste backfill. Rock backfill could also be used 
depending on the suitability and availability of material. Capping and backfilling subsurface 
accesses and shafts would reduce the future risk of collapse and subsidence and therefore, the 
Reclamation Plan would ensure that impacts remain less than significant. 

Conclusion 

Based on the geologic characteristics found in the area and intentions of the applicant to mine 
only at deeper levels of the mine, there would be a very low risk of subsidence at the surface as a 
result of the proposed underground mining activities. However, the areas identified above, in 
addition to unidentified locations, could, at some point during the life of the project, experience 
cave-in with associated surface subsidence. This is especially the case for the concrete collar 
around the Brunswick Shaft; failure of the concrete to support down-shaft equipment would 
adversely affect the project. Mitigation Measure 4.5-1 addresses the potential for cave-in and 
subsequent surface subsidence in mine workings at the site and the uncertainty surrounding the 
competency of the concrete collar and tunnels. Mitigation Measure 4.5-1 provides a mechanism 
that requires the applicant, through a third party review, to identify and correct potential 
subsidence hazards and requires that corrective action take place prior to construction. 
Engineered remedies to reduce or eliminate potential subsidence (i.e., shoring, tie-backs, steel 
supports, concrete mesh, rock bolting, steel reinforced concrete) are standard mining tunnel 
construction methods used successfully throughout the industry and thus, secondary impacts 
associated with corrective measures are not expected. 

Mitigation Measure 4.5-1: The applicant shall identify current mine workings that are less 
than 70 feet deep (considered shallow}, regardless of whether they are utilized during the 
proposed project or would remain unaffected. The applicant shall retain a licensed 
geotechnical engineer (per approval by the City of Grass Valley) to perform a detailed, 
third-party evaluation of the existing, shallow mine workings. The applicant shall complete 
the evaluation prior to the start of project construction. Through this evaluation, the mining 
engineer, with assistance from the applicant, shall establish sufficient data to determine 
whether the particular shallow mine working is susceptible to failure. Information required 
by this evaluation includes, but is not necessarily limited to, tunnel depth, underlying 
geology, relative rock strengths, size of the mine working, and groundwater conditions. 
Using generally accepted mine engineering practice, including American Society of Testing 
and Materials (ASTM) standards for rock strength testing, the third party review shall 
demonstrate that shallow mine workings would not fail under static and earthquake 
conditions and that the concrete collar at the Brunswick Shaft is competent to support the 
weight of the proposed equipment. If the third-party review determines a potential 
subsidence hazard exists, the applicant and the third party licensed engineer shall 
1) develop feasible corrective measures to be included as part of the project, 2) have the 
measures approved by the City of Grass Valley, and 3) ensure that all corrective actions are 
completed before project construction begins. The corrective measures recommended by 
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the third party engineer shall effectively reduce or eliminate the risk of subsidence in the 
event that the underlying mine working collapsed. Measures could include but are not 
limited to shoring, tie-backs, steel supports, concrete mesh, rock bolting, steel reinforced 
concrete. The applicant shall submit to the City of Grass Valley, the completed report 
prepared by the third-party mining engineer and a detailed schedule outlining the process 
and schedule necessary to rectify identified subsidence hazards. 

Significance after Mitigation: Less than Significant. 

Impact 4.5-2: Areas of the project sites contain fill material that is unsuitable to support 
structural improvements. Soils with low bearing strength or fills that are compressible or 
can collapse could cause proposed buildings and other structural improvements to settle 
differentially leading to structural damage, injury to workers, and potential property loss. 
Less than Significant (Class III). 

Following their preliminary geotechnical investigation in October 2004, Holdrege and Kull stated 

that their primary concern is the presence of fill in portions of the previously graded areas of the 
Idaho-Maryland site and New Brunswick site. Much of the fill encountered during a previous 
subsurface investigation at the Idaho-Maryland site reportedly contained organic material that 
would not be suitable to support structural improvements. 

Holdrege and Kull anticipate that the relatively shallow fill across much of the southern area of 
the Idaho-Maryland site would be able to be removed or, if deemed suitable for the purpose, used 
for compacted fill. However, deeper fill previously encountered in the southeastern area would 
likely require extensive excavation and would not likely be reused due the reported abundance of 
organic materials. 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. Additionally, waste rock piles cover portions of the Idaho-Maryland, New 
Brunswick, and Round Hole sites. In general, these piles are not suitable to support structural 
improvements, and the waste rock piles in the area of the proposed ceramic plant would likely 
require removal prior to construction. 

The October 2004 Holdrege and Kull geotechnical study was intended as a preliminary 
assessment of the geotechnical conditions on the three proposed project sites and did not 
constitute a detailed geotechnical investigation (sometimes referred to as the "design-level 
geotechnical investigation"). Typically, the design-level geotechnical investigation is conducted 
following completion of the CEQA process when project details can be more fully developed and 
finalized. Design-level investigations usually consist of subsurface soil sampling, detailed 
identification of underlying geologic material, and soil and rock strength testing. While the 
October 2004 study did conclude that development of the proposed project was feasible, it did 
identify unsuitable soils. These unsuitable soil conditions would be further investigated during the 
design-level investigation using accepted, standard geotechnical methods and testing protocols. 

For example, field drilling and/or test pits would help determine the depth and distribution of the 
previously identified unsuitable soils and engineers would submit samples to the soils laboratory 
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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



Project No. 2416-03 Preliminary Geotechnical Engineering Report for Idaho-Maryland Mining Corp. Property
October 25, 2004 Page iv

Holdrege & Kull

TABLE OF CONTENTS

1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 SITE DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 PROPOSED IMPROVEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.3 PURPOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.4 SCOPE OF SERVICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2 SITE INVESTIGATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2.1 GEOLOGIC SETTING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2.2.1 Idaho-Maryland Site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2.2 New Brunswick Site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2.3 Roundhole Easement Site . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.3 HISTORICAL RESEARCH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.3.1 Geologic Map of the Grass Valley Quadrangle and Adjacent

Area, Nevada County, California . . . . . . . . . . . . . . . . . . . . . . . . 4
2.3.1.1 Idaho-Maryland Site . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.3.1.2 New Brunswick Site . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.3.1.3 Roundhole Easement Site . . . . . . . . . . . . . . . . . . . . . . 5

2.3.2 Mines and Mineral Resources of Nevada County . . . . . . . . . . . 5
2.3.3 Map of the Grass Valley Quadrangle included in the Nevada City

Special Folio, California . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.3.4 Map Showing Mining Properties of the Grass Valley Mining

District, Nevada County, California . . . . . . . . . . . . . . . . . . . . . . 6
2.3.4.1 Idaho-Maryland Site . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.3.4.2 New Brunswick Site . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.3.4.3 Roundhole Easement site 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.4 REVIEW OF OTHER REPORTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.5 FIELD INVESTIGATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.5.1 Surface Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.5.1.1 Idaho-Maryland Site . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.5.1.2 New Brunswick Site . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.5.1.3 Roundhole Easement Site . . . . . . . . . . . . . . . . . . . . . 10

2.5.2 Surface and Groundwater Conditions . . . . . . . . . . . . . . . . . . . 11

3 LABORATORY TESTING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4 CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5 PRELIMINARY RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
5.1 GRADING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

5.1.1 Clearing and Grubbing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
5.1.2 Preparation for Fill Placement . . . . . . . . . . . . . . . . . . . . . . . . . 14



Project No. 2416-03 Preliminary Geotechnical Engineering Report for Idaho-Maryland Mining Corp. Property
October 25, 2004 Page v

Holdrege & Kull

5.1.3 Fill Placement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
5.1.4 Differential Fill Depth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
5.1.5 Cut/Fill Slope Grading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
5.1.6 Erosion Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
5.1.7 Subsurface Drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
5.1.8 Surface Water Drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
5.1.9 Construction Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

5.2 FOUNDATION SYSTEMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

6 LIMITATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

SHEETS
Sheet 1 Approximate Site Map

APPENDIX
Important Information About Your Geotechnical Engineering Report (included with
permission of ASFE, Copyright 2004)



Project No. 2416-03 Preliminary Geotechnical Engineering Report for Idaho-Maryland Mining Corp. Property
October 25, 2004 Page 1

Holdrege & Kull

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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ENGINEERING GEOLOGIC REPORT
WHISPERING PINES PARK

Idaho-MaryIand Road at Brunswick Road
Grass Valley, California

L&aNo.83-118
April 2L, 1983

INTRODUCTION

PURPOSE

An engineering geologic study has been completed for
Whispering Pines Park, located at the southwest corner of
Brunswick and Idaho-Maryland Roads, just east of Grass

VaIIey, California. Ttre purposes of this investigation have

been to define general geologic conditions and to assess the

infruence of these conditions upon potential development of
the property for residential and/or industrial use.

SCOPE

The scope of this study has included geologic reconnaissance

and mapping of'the propertyi stereoscopic interpretation of

aerial photographs; geotogic research and historical
investigation;'limited laboratory testing; and the

preparation of this report.

I
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Ttrie report presents the results of our study, including

findings with regard to siter Eoil, geologic and hydrologic

conditionai evidence of previous mining activity; conclusions

pertaining to erosion susceptibility, slope stability,

springs, rock hardness and generalized support conditions for

roadways and buildingsi an opinion concerning site

development feasibility; and tentative recontmendations for

erosion mitigation during construction as well as methods for

the treatment of preexisting mine shafts.

A preliminary geologic map is displayed on Plate No. 1,

together with an explanation of the symbols and coding used

to delineate the disposition and orientation of the various

geologic formations over the property. The appendix contains

general information, references consulted during the course

of this investigation and laboratory test results.

PROPERTY DESCRIPTION

General

As presently constituted, Whispering Pines Park now

encompasses approximately 154 acres, including a I5-acre

parcel which originally was part of the 430-acre Loma Rica

I.
t
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Ranch for which our firm completed an engineering geologic

study in 1981 (L & a No. 81-378); and ttre original 9l-acre

Whispering Pines Industrial Park Site, for which we also

conducted an engineering geologic study in 1981 (f, c a No.

8L-246r. Except for a very small part of its western

extremity, the property lies entireJ-y within Section 25,

T16N, R8E, MDB&M.

Ttre property is bounded on the north by ldaho-Maryland Road

and on the east try Brunswick Road. High tension electrical

transmission lines borne on steel towers extend along one of

the westerly property limits. To the south, there are

private residences and undeveloped wooded hill slopes.

Northeast Sector

The northeast sector of the property comprises about 37 acres

encompassed by Whispering Pines Lane, Brunswick Road,

Idaho-Maryland Road and the electrical transmi5sion lines.

This area generally slopes from a high point, near elevation

+27LO feet (u.s.G.S. datum) at Whispering Pines Lane to about

elevation +2555 feet, at ldaho-MaryIand Road. Most of the

area is heavily- wooded and the terrain is rugged, with

maximum slopes exceeding 2 horizontal to I vertical at the

I



Page 4
April 2L,
L&aNo.

r983
83-118

extreme northwesterly corner. Generally, tlovrever, the slopes

in this area do not exceed an inelination of 3 horizontal to

I vertical. Ttro houses, a barn and a church \rrere observed

northerly of Whispering Pines Lane. ftrree terraces up to tOO

feet wide and 400 feet long have been constructed on the

stope within the northwesterly portion of this area, by means

of cuts and fills up to t5 feet deep. Power lines and

telephone cables supported on wooden poles cut diagonally

across the sector. There are several unimproved roadways or

trails that lead off Whispering Pines Driver D€Er its

intersection with Brunswick Road, and another extends south,

off ldaho-Maryland Road. This area is densely populated with

black and ponderosa pines, oaks and heavy underbrush,

together with isolated clumps of berry vines.

Idaho-Maryland Ditch, following the approximately elevation
+2645-fooL contour, enters the sector from the west and

continues to Brunswick Road. Extensive mounds of mine

tailings and rock rubble are present within the southeast

quarter. A cy-tindrical excavation approximately 5 feet in

diameter is visible near the northerly edge of the tailings

dump; rock cores extracted to advance the shaft are piled

near its entrance. In addition, the remnants of at least 3

mine buildings exist nearby: stepped concrete foundations and

slabs-on-grade attest to ttre former presence of theset
I
I
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buiJ-dings, which probably incl-uded a stamp mi}l and a hoist

house. Other indications of previous mining activity include

two shallovr prospects located on either side of the access

road projecting from Whispering Pines Drive.

Southeast Sector

Ttris part of the property encompasses approximately 91

acres of heavily-wooded, moderately rugged terrain situated

on the southwest corner of Whispering Pines Lane and

Brunswick Road. Vegetation here chiefly consists of

ponderosa pine, toyon, manzanita, cascara and scattered

buckeye with a low volunteer rye grass cover in open areas.

The sector is crisscrossed with numerous old bulldozer

trails, probabl-y blazed for firefighting purposes in the

past. l,lany of these trails are inaccessible except on foot,

having been overgror^rn with brush and obstructed by fallen

trees. A eleared loop road extending off Whispering Pines

Lane affords the principal access to the center of the

sector

Ground surface generally slopes from about elevaton +2850

feet at the summit of a knoll near the extreme southerly

property corner, to approximate elevation +2640 feet, at the

far northwesterly corner. Natural hill slopes stand as steept
I
I
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as 3 horizontal to I vertical, but are fl-atter at most

Iocations. Atl of the trees and brush appear to be standing

upright, sugEesting that little, if aDlr soil creep has taken

placei hourever, there are signs of ground deterioration due

to erosion on ol-d bulldozer trails over which only sparse

vegetative growth has been reestablished.

An old pipeline consisting of I8-inch diameter or l8-inch

square, cast iron rivetted conduit joined by bolted

compression rings is exposed at 3 points not far from

Whispering Pines Drive. Ttris pipeline apparently conducts

water from a source east of Brunswick Road (ti]<ety the Idaho-

Maryland Ditch) to a reservoir west of Whispering Pines Park.

From the apparent age of the pipeline, it is probable that it

once serviced off-site mine workings.

Several old prospects were discovered, the most conspicious

of which is a 6-foot diameter, cylindrical hand-dug shaft

about 15 feet deep. In addition, a few trenches were noted

over the easterly half of the sector; the purpose of these

excavations is unknown to us.

to
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Northwest Sector

This part of the property encompasses about 26 acres west of

the power transmission lines and is presently owned by

Robinson Timber Company. Remaining vegetation consists of

mixed ponderosa pine and deodar cedar wittr an understory of

toyon and manzanita,

Ground surface slopes from about elevation +2780 feet at the

power lines to a nearly-Ievel area at about elevation +2520

feet, dt the northwesterly property corner. The surface has

been disturbed by previous mining and logging activities. An

extensive area of mine tailings forms a lobe stretching

nearly 1000 feet along the north property line. Numerous

roads traverse the sector and the lower portions have been

levelled, aPparently for log storage and parking areas.

Several structures exist near the northwest property corner.

Concrete foundation remnants also were observed in this area

and probably are associated with a stamp mil} and hoisting

works for the immediately-adjoining (nor* defunct)

Idatro-MaryIand Mine. Just west of the power transmission

lines, three large terraces have been graded into the slope,

by means of cuts and fills up to 20 feet deep. Lowell

t
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Robinson of Robinson Timber Company has indicated that the

terraces were graded 2 to 3 years ago with the intention of

constructing shops and parking areas on the completed pads.

He has indicated ttrat a Caterpillar DB bulldozer was used for

ripping and that the removed materials \rrere pushed downslope

to form the fill embankments without any attempt at benchi.g,

keying or other standard fill construction procedures. The

project was later abandoned.

Idaho-Maryland Ditch originates at a smaIl reservoir just

south of the sector and conducts seasonal flow eastward along

the approximate elevation +2645-foot contour.

FINDINGS

GEOLOGY

Reg ional Settinq

The Nevada City-Grass Valley area lies in the western part of

the Central Sierra Nevada. It is dominated by steeply-

dipping, faulted and folded metamorphic rocks that have been

intruded by several types of igneous rocks. Overlying the

bedrock in many places are mantles of river gravel and

volcanic debris.
to
I
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Ttre ascent from the Central Valley is gentle, and the average

slope through a west-to-east transect is about 5 percent. In

general, the trend of the ridges and rock formations is

northwest-to-southeast. Drainage generally is toward the

southwest: the drainage channels have incised geologic

formations and followed the westward tilting of the Sierra

Nevada fault block. The headward parts of the major streams

and rivers are more deeply-incised by river canyons and

drainageways than are the rolling foothills, where river

dissection is less. Typically, the folded and faulted areas

are rounded and smooth and have a domelike appearance, while

the volcanic areas resemble plateaus or mesas.

Loca1 Geology

distinct geologic units are identified on the property:

I ) metasiltstone, quartzite, talcose conglomerate

and metashale (phyllite) identified as a part of

the Calaveras Formation of Permian age (225-280

my B.P. );

Rock

Four
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2l amphibolite sctristose basalt and melaphyre with

subordinate gneissic dikes and quartz veins,

all assigned to ttre Copper HitI Volcanics Group

of Early Cretaceous age (134-136 my B.P);

3) ultrabasic rocksr predominantly serpentinite and

therzolite of Midd1e Cretaceus age (95-120 my B.P);

and

4') basic intrusive rocks, including gabbro diorite

and pyroxenite, also of Middle Cretaceous age.

Each of the four formations listed above is discussed in

ascending geochronologic order.

Calaveras Formation rocks (map symbol: Pms) are exposed at a

single location, just south of Whispering Pines Drive. At

this point, sheared, talcose conglomerate and slaty

metasediments form a crescent-shaped island bordered by

younger Cretaceous rocks to the north and south. Generally,

Calaveras Formation rocks show a dusty orange-gray cast when

highly weathered, but are light blue-gray when fresh.

Shearing and crumpling of individual beds has obliterated the

original J-ithologic structure, and some beds may even be

overturned.I.
I
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The Copper Hill Volcanics Group (map symboJ-: Kmv) is

extensively exposed and underlies almost ttre entire property.

Of the outcrops observed, the bedding or foliation attitudes

range from 68o to 80" w dip on a N I0-2Oo w strike conforming

to ttre regional texture. The amphibolite and melaphyre

display a characteristic dull blue-gray to blue-green cast

while the schistose basalt is usually gray-green. The

bedding or foliation planes are rather widely-spaced,

resulting in a blocky appearance with the rock fragments

tending to break off in slabsr sorr€ up to 2 or 3 feet thick.

Hydrothermally-emplaced quartz veins, some of which are

gold-bearing, occur along some of the bedding planes and were

the object of exploitation by previous mining enterprises.

Four such veins -- three of considerable length and one a

truncated segment -- were mapped on the site. Each measured

more than 18 inches wide and were found to pass through

prospects situated in the southeast sector of the property,

U}trabasic rocks (map symbol: Kub) composed of serpentinite

and lherzolite are exposed over most of the northeast and

northwest sectors. These rocks are essentially structure-

Iess because of the haphazard arrangement of joints and

fractures. Serpentinite is an almost glassy (sometimes

porcelainous) rock which has a characteristic black-gray to

to
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ye1lo'r-green appearance. The therzolite is a very dark green

to black more massive rock from which the serpentinite tras

been derived by hydrothermal processes. Both rock types have

a blocky texture, with individual fragments attaining

dimensions of I foot or more on a side. The contacts formed

between ultrabasic rocks and others frequently are sites of

secondary mineralization by chromium compounds, gold, silver

and other valuable metals. Two splays of quartz trere

individually identified in the fie1d, one of which is the

rencmrned GoId Point Vein on which several major mine shafts

were sunk.

Basic intrusive rocks (map symbol: Kbi) composed of gabbro

diorite and pyroxenite are exposed as thin sliver in contact

with the Copper Hill Volcanics group near Brunswick Road.

The strike and dip of the foliation appear to conform to

those of the metamorphic sequence. The gabbro member is a

very dark, equigranular rock which has been slightly altered

by metamorphism while the pyroxenite member forms dark

gray-green to black streaks or stains within the main gabbro

intrusive body. Traro prominent sets of joints were observed

in the field: the primary set is strongly oriented at

N 22-42" w, with a dip of 83o to 89" N, while the secondary

to
I
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set is less consistently oriented, with strikes ranging from

N 5o E to N 73" E and dip attitudes ranging from 83o N to

vertical. Cleavage is preferential along the primary joints

with the rock tending to spall off in s1abs. Unlike the

Copper HiII Volcanics Group, secondary mineralization is

indistinct to nonexistent.

Soils

Three major groups or categories of soils are distinguished

on the basis of composition, texture and relative age3

1) alluvium, restricted to stream deposits;

2) colluvium, derived by in-plaee weathering of the

underlying parent bedrock; and,

3) artificial deposits, including mine tailings and

manmade fitls

Of the foregoing, only the artificial deposits are shourn

separately on the Plate No. I; mine tailings are designated

by map symbol Qt, and fills, by map symbol Qf.

Alluvial soils which have been transported by Wolf Creek and,

to a lesser extent by its tributaries, are indicated to

consist of saturated silts and sands containing variousto
I
I
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amounts of rock fragments. They are likely not thicker than

2 or 3 feet within the confines of WoIf Creek itself and, even

ttrere, are not continuously exposed.

Colluvial soits are divided into two genetic categories. The

uppermost soil horizon, consisting of inert mineral particles

derived by chemical and/or mechanical disintegration of the

parent bedrock and which are less than l-inch in diameter, is

designated the "A" horizon. Below the "A" horizon are soils

containing a considerable amount of broken rock, the

proportion of which increases rapidly with depth and as the

underlying bedrock surface is approached. This zone is the

"B" horizolr, or regolith. Both rrArr and rrBr! horizon soils are

not necessarily present everywhere throughout the property;

their development depends upon the relative age and

weathering susceptibility of the parent formation as well as

the incLination of the slopes upon which they rePose.

In general, our study shows that soils produced by in-p1ace

weathering of metavolcanic bedrock are more cohesive than

those developed from the other types. For the former

situation, "A" horizon soils are indicated to vary in

thickness between 6 and 18 inches; Atterberg limits tests

conducted on a selected sample of "A" horizon soils developed

to
I
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over metavolcanic bedrock indicate that these materials are

silty clays (Unified SoiI Classification: CL) with a

reddish-brov.rn cast and containing approximately 15 percent

root fibers, decomposed vegetation and the like, The rrBrr

trorizon soils are indicated to vary in thickness from 12 to

36 inches; laboratory tests indicate that "B" horizon soils

are "fat" (i.e., very plastic) clays conforming to the

Unified Soil Classification CH. Soils developed over basic

intrusive, metasedimentary or ultrabasic bedrock show a

definite "A" horizon but the "8" horizon is indistinct to

absent. The thickness of soil cover generally does not

exceed L2 inches; the results of Atterberg limits tests

conducted on these materials shovr that they conform to

Unified Soil Classifications ML or DlH.

The USDA Soil Conservation Service has classified the more

cohesive soils as species of the Aiken group -- either loam

or stony clay loam -- and the remainder as Boomer loam.

The artificial deposits mapped over the property consist of

fills constructed in berms along the Idaho-Maryland Ditch,

embankments for building pads and debris from previous mining

activity. Mine waste is indieated to consist of rock

iragments (sometimes mixed with native soils) ranging from

gravel to boulder-sized and typically composed of quartz,to
I
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amphibolite schist, serpentinite and therzolite. The cores

near the entrance to the air shaft previously described are

predominantly serpentinite. The fills and embankments all

appear to trave been constructed of native soils and excavated

rock in the immediate vicinity of the respective

improvements.

HYDROLOGY

GROUND WATER

Perennial Springs

Three perennial springs were discovered on the property;

their approximate locations are depicted on Plate No. I.

These springs are expected to seep year-round, with the

greatest fLor* occurring during or shortly following seasonal

rainfall or snorrmelt. Typically, perennial springs occur at

or near the geologic contacts where dissimilarities in rock

jointing patterns and/or local shear zones pervade the rock

fabrici or where topographic lows coincide with the strike of

major bedding planes or fractures.

I.
I
t



I Page 17
April 2L,
L&aNo.

r983
83-118

Ephemeral Sprinqs

Areas of apparent seasonal spring activity also were observed

on the northerly part of the propertyi two such locations are

shovrn on Plate No. 1. Seasonal springs also are suspected on

other parts of the site. Based on our site observationsr w€

expect that cut slopes -- especially those with exposed faces

oriented in the east-west direction -- may intercept limited

seepage through bedrock foliation planes, dt least seasonally.

Ephemeral springs occur under the same circumstances as

perennial springs but discharge is restricted because the

permeability through interconnecting bedrock joints and

topographic position are less favorable.

I
I
T
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SURFACE WATER

Wolf Creek

WoIf Creek is naturally recharged by spring fields

originating near the Lava Cap Reservoir and is artificially

recharged by diversion of flow in the Cascade Canal and the

D-S Canal, both of which are diverted from Deer Creek above

and belor'r (respectively) Scotts Flat Reservoir. Most of the

channel is very deep (40-50 feet) and rockbound from thet
I
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source near elevation +3270 feet, to approximate elevation

+2720 feet, but is much shallower (10-15 feet) and alluviated

farther downstream. In the upper reaches, the cross-section

of the channel is V-shaped, but in alluviated portions is

roughly trapezoidal.

Discussions with Nevada Irrigation District personnel

indicate that Wolf Creek conveys peak flows on the order of

60 to 65 cubic feet per second , usually between May 15 and

September 15, for ranch land and crop irrigation purposes.

Minor recharge of Wotf Creek occurs through leakage from

neighboring canals, surface runoff during the wet season and

bank seepage in areas of active springs. Without artificial

recharging, Wolf Creek would be practicaLly dry during the

summer months. The average gradient above elevation +2720

feet is nearly I0 percent, but belovr, reduces to about 2

percent. Wolf Creek is the only stream artery serving Grass

VaIley.

Idaho-Maryland Ditch

This water course is about 5 feet deep and once served the

Idatro-Maryland Mine workings but has since been abandoned.

Its long disuse is confirmed by encroachment of nativet
I
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vegetation and heavy underbrush, even at the. center of the

channel. fhe only recharge appears to be from seasonal

runoff and (perhaps) from a few ephemeral- springs.

PREVIOUS MINING

Idaho-tta land Mine

fhe main straft of the Idaho-Maryland Mine lies immediately

west of the property, near the extreme northwest property

corner. The prospect was originally named the Idaho Quartz

Mine and was patented in 1864. By 1882, the inclined main

shaft had reached a depth of 22OO feet (1600 feet

vertically). The uppermost seven levels i.e., to a

vertical depth of 7O0 feet extend to the west along the

ore shoot, which dips to the south at about 65" and is about

2-L/2 feet wide. The foot wall is composed of basic

intrusive rocks, while the hanging wall is serpentinite. At

the contact between these rocks, the vein cons.ists of

hydrothermal quartz shot with finely-disseminated native gold

and gold alloys.

Belovr a vertical depth of 700 feet, aII of the horizontal

workings follor^r the course of the vein to the east. In 1886,

the depth of the incline had been increased to 2696 feet

(1790 feet verticalty). The average width of the vein atto
I
I
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that time was reported at 3 feet, and 1200 lineal feet of

horizontal workings extending to the west had been completed.

By 1890, the main shaft had been sunk another 200 feet, and

ttre length of the horizontal workings was increased to 3100

feet to the east. A raise, the Maslin Shaft, hlas driven to

the surface to provide ventilation and to decrease the ore

haulage route. In 1894, the Maryland Mine (to the southwest)

vras acquired and connected to the Idaho Mine at the 1300- and

150o-foot levels. By 1896, BrI underground incline (shovrn on

P1ate No. I) had been driven from the 700-foot level to the

south, thence east and southeast, in an attempt to explore

for new ore shoots extralaterally, but this venture was

abandoned due to unmanageably high inflows of ground water.

The New Brunswick Shaft (south of the property) was sunk from

the 1400-foot level to a point near the 3300-foot level and,

at the end of 1940, sinking operations \dere being continued,

although no development of importance had been undertaken

below the l600-foot level. The 2000-foot level of the ldaho-

Maryland Mine was connected with the 2300-foot level of the

New Brunswick Shaft and the entire property was being

operated as one mine. From L929 to 1940, 228,90I lineal feet

of new headings were driven, all below the 2000-foot leveI.

t
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Idaho No. 2 Calyx

In 1934, the Idaho No. 2 Calyx was driven to a point below

the 100o-foot (vertical) leveI. The shaft was advanced by a

S-foot diameter diamond core drill which was developed on the

property. As previously mentioned, rock eores discarded from

this operation are still visible on site.

Other Shafts

A IS-foot deep cylindrical hand-dug shaft was observed on the

southerly portion of the site. fhere is also a shaft

adjacent to the south shoulder of ldaho-Maryland Road that is

braced with square sets, and is of undetermined depth; it may

have served as a ventilation winze for the Idaho-MaryIand

workings.

Prospects

Several prospects were discovered within the study area.

Most of these consist of shallow pits less than 5 feet deep.

In addition, troughs and depressions over I0 feet deep were

observed northerely of Whispering Pines Lane and westerly of

p
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the existing house and church. These may be the result of a

shallow and partially-collapsed shaft. All of the prospects

appear to be the result of individuaL efforts and are of

limited extent.

CONCLUSIONS

EROSION SUSCEPTIBILITY

Rock

Ultrabasic, basic intrusive and metavolcanic rocks are

indicated to be very resistant to erosion because of the

relatively wide spacing of the joints and/or dense texture.

Calaveras Formation metasediments are indicated to be at

Ieast moderately susceptible to erosion wtrere unprotected by

vegetation or other means, because of the close spacing of

bedding planes, especially as are characteristic of the

metaeiltstone and metashale members.
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SoiIs

According to united states Army corps of Engineers criteria'

ttresoilsonttreWkrisperingPinesParkpropertyareat]-east

moderatelysusceptibletoerosiononslopeswhichareeither

unprotected}ryvegetationorexceedveryflatinclinations.

Thethreshholdvelocity--definedasthatvelocityatwhich

soil particles will just begin to move ranges from about

0.6 to 1.5 feet Per second'

lfhe extent of pot.ential erosiOn is, of course' related to

slope incLination, exposed area' time to concentration of

rainfall and mechanical reinforcement offered by vegetation'

Wehaveconcludedthattemporaryerosioncontrolmeasures

duringconstructionaswellaspermanenterosioncontrol

systems should be implemented on this property'

SLOPE STABILITY

Rock

Ultrabasicandbasicintrusiverocks\,,erenotedtobegross}y

stable, even at inclinations as steep as 2 vertical to I

horizontal.Wehaveconcludedthatrockslopeinclinations

r
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steeper than Uniform Building Code standards ordinaril-y

permit likely are possible, but this must be confirmed or

denied by further geotechnical studies.

Soils

Natural hill slopes appear to be stable in most areasi

hovreverr on the northerly edge of the site, near the existing

power lines where slopes exceed an inclination of 2

horizontal to I vertical, slight rotation of trees downslope

indicates that minor soil creep has occurred. The area

involved is indicated to be of relatively limited extent, and

we anticipate that it can be stabitized with special grading

procedures during development or taken into consideration in

Iand use planning, Existing fill slopes, spoil piles,

ground overlain by mine tailings and soils disturbed by

previous bulldozing operations, may be unstable, but this

condition is expected to be alleviated during tl" ordinary

course of grading for site development.

Although a detailed analysis of slope stability is beyond the

scope of this present investigationr our geologic observation

suggests that cut and fill slopes in soil, constructed in

accordance with prudent engineering practice per Uniform

t
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Building Code requirements, should remain stable, Provided

that fiII sl-opes are Properly benched and keyed and that both

excavation and embankment slopes are protected from

concentrated surface runoff.

SPRINGS

Deep cut slopes -- especially those with exposed faces

oriented in the northeast-southwest direction -- may

intercept seepage through foliation planes or joints in

metavolcanic, ultrabasic or basic intrusive bedrock,

especially near lithologic contacts. The quantity of such

seepage is dependent upon the spacing and oPenness of these

discontinuities. Seepage could be expected during or shortly

foltowing a period of prolonged intense rainfall, especially

where the soil mantle is of more than nominal thickness.

We have concluded that subdrainage of certain areas may be

necessary depending uPon Proposed site usage, grading and

construction requirements.

t
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EXCAVATION

Rock

An intensive study of rock excavation characteristics j-s

beyond the scope of this studyr but could be undertaken by a

combination of test borings and a geophysical survey program.

Our observations suggest, however, that at least the

uppermost 10 feet of weathered metavolcanic or basic intrusive

bedrock should be amenable to excavation using heavy grading

equipment eomparable to a D9 Caterpillar tractor equipped

with a single ripper. At least the uppermost 15 feet of

weathered ultrabasic or metasedimentary rock probably can be

excavated with similar equipment. Increasingly laborious

effort is likeJ-y to be required below this depth.

Rock exposures and cut sJ-opes up to 25 feet high along

BrunFwick and Idaho-Maryland Roads indicate that existing

highway grades were successfully achieved without resorting

to blasting. As prevj-ousJ,y indicated, this is also the case

for the terraces graded within the Robinson Timber Company

property. It is further indicated that ripping of

metavolcanic or basic intrusive bedrock will require less

effort in the direction parallel to the strike of foliation

or jointing (i.e., northwest-to-southeast) than across the

strike, because these types of bedrock are weaker in this

direction.to
T
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SoiIs

It is indicated that all on-site rrAr' and "B" horizon soils

can be excavated using conventional earthmoving equipment.

This impJ-ies that cuts up to 6 feet deep can be so

accomplished.

SUBSIDENCE

Our research indicates that a}l of the horizontal mine

workings which pass beneath the property are deep enough to
preclude the possibility of subsidence due to relaxation and

conseguent collapse that could be reflected at the ground

surface. The shafts themselves, however, must be treated to
promote an acceptable level of safety.

STRUCTURAL SUPPORT

Buildings

Adequate structural support should be available for

industrial and residential buildings generating foundation

Ioads of light to intermediate intensity, where foundations

wil-I bear in undisturbed or recompacted natural soils, newly-

constructed engineered fillsr or a combination of those

I
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materials. Direct support of heavy concentrated loads is

availabl-e for foundations achieving nominal penetration into

bedrock. Existing fills such as those observed on the

Robinson Timber Company parcel are of questionable quality

and are probably unacceptable for support of construction in

their present state.

Frostline penetration depths are unlikely to exceed L2 inches

for the soil types that exist on the property. Specific

recommendations for allowable soil or rock foundation

pressures as well foundation system alternatives can be

provided by further geotechnical studies.

Roadways

Selected samp1es of each soil type within the confines of the

study area were subjected to Resistance value tests to give

an indication of pavement subgrade qualities. We have

calculated sampl-e pavement sections based on the Resistance

value series, the Caltrans "Design Method for F'lexible

Pavements" and various traffic indices which are indications

of anticipated wheel load repetitions and intensities. These

sample pavement sections should not be considered definitive,

but may be used as a guide in planning for future roadway

sections.I
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Sample Sections
inches

Des r.gn Traffic
Index

Corresponding
Pavement
Usage

Asphalt
Concrete
(Type B)

Aggregate
. Base

(class 2l

4.5

5.5

6.5

7.5

Light

Medium

Heavy

Very Heavy

R-VaIue

30
40
50
60

30
40
50
60

30
40
50
60

30
40
50
80

2
2
2-L /2
2

6
5
4
4

7
5
6
4

I
6
6
5

3
3
2
2

4
4
3
3

10
I
6

4-1
4-r
4

/2
/2

3-L /2

The least favorable subgrade soils for pavement sectj.ons are

those associated with metavolcanic rock (n=+ gO) and the most

favorable are those associated with basic intrusive rock (R=11

60). The pavement materials classification and quality shown

above refer to the Caltrans "standard Specifications" (1983

edition), and it is assumed that the pavement sections will

be constructed upon properly compacted subgrade soils
consisting of materials comparable to the soils tested.

Minimum thicknesses could be used in areas where the subgrade

consists of bedrock; in such cases, however, the wearing

course thickness for any traffic index would not be expected

to be less than listed above.t
I
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OPINION

DEVELOPMENT FEASIBILITY

Based upon the resul-ts of this study, it is our opinion that

the subject property is acceptable for development as a

Iight commercial or industrial park, residential tract or

both, considering the prevailing geotechnical aspects.

Specific recommendations for site grading should be developed

on the basis of further geotechnical studies, including test

borings and supplemental geophysical work.

It is anticipated that engineered fills must be benched and

keyed into the natural hill slopes. Removal- of unwanted

trees, brush and associated root systems is an important

consideration. Erosion control measures should be

implemented during construction and -- depending upon the

magnitude and extent of proposed grading -- on a permanent

basis thereafter. Subdrainage elements may be required in

areas of existing perennial springs or where subsurface water

is intercepted in deep cuts.

Other than the foregoing, we observed no exceptional or

overriding soil or geologic conditions which would render the

property unsuitable for the intended development.

I
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RECOMMENDATIONS

EROSION MITIGATION

The follovring discussions apply to temporary erosion control

during construction. These reconrmendations conform to those

published in "Erosion and Sediment Control Handbook" 1L982),

published by the State of California Department of

Conservation. Additional reconrmendations for permanent

erosion control can be developed upon completion of further

studies.

Slopes

Seeding with Italian rye grass (l,olium multiflorum) or

Wimmera rye grass (r,otium wimmera) is considered the most

effective (thougtr not the only) method of temporary erosion

control on cut or fill slopes. Ttre Italian variety provides

better ground cover due to the greater number of seeds. An

alternative that might be considered is Lana woolypod vetch

(Vitia dasycarbia). Lana vetch provides erosion control

although it has unfavorable aspects beeause it is an

excellent feed for witd animals and its vines may create fire

hazards.I
I
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On temporary construction slopes exceeding 2-L/2 horizontal
to I vertical, consideration should be given to energy

dissipation devices such as would be created by a break to a

flatter slope. fhis can be accomplished by construction of

temporary berms covered with or retaining rocks. LeveL

spreaders are suggested at the berm outlets, but must be

constructed in undisturbed soil and lead to discharge onto

areas stabiLized with vegetation. An advantage to the

hydraulic jump-Ievel spreader system is that the structure
occupies a relatively small area. A disadvantage is that,

unless continually maintained, sediment deposits in the

structure will decrease the effectiveness of the hydraulic
jump. In addition, a formal design is required.

Roadways

An effective measure to prevent deterioration of roadway

subgrades is the installation of polyethylene sheeting. If
this method is attempted, however, energy diss.ipation devices

euch as rock-covered berms are necessary at points of maximum

sheet runoff onto unprotected areas. Seeding is not

recommended, since considerable regrading to remove

established root systems may be required after the wet

h
I
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Mulching of roadway surfaces utilizing timber waste in an

asphaltic emulsion often proves to be an effective
alternative. Medium to high effectiveness and immediate

erosion control protection can result from implementation of

this method, but wood and bark chips must be graded and

leaves or smal-l twigs must be excluded from the mul-ch. Type

SS asphaltic emul-sion usually is satisfactory. Ctremical

mulches provide similar immediate effectiveness in erosion

Protection; although the chemical fitm increases cohesion, it
reduces soil porosity. Chemical mulches are organic or

plastic and are sprayed on the soils, thereby forming a

crust. fhe crusts formed are quite effective, but may be

damaged by rodents, deer or frost heave.

MINE SHAFTS

Small shafts, less than 6 feet in diameter, should be cleaned

out to a depth of at least I feet and at that point bridged

over with overlapping, horizontal timber stull.s or
(preferably) H-beam spiling. Seating of the bridgework is
an important consideration; timber stulls may be driven into
plaee with enough force to engage at least 50 percent of the

ultimate axial compressive strength of each member, and steel
spiling should be cradled in properly affixed beam seats.

p
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Ttre bridgework should ttren be floored over with timlrer

stringers or lightweight metal deeking, and a concrete seal

at least 3 feet thick placed over the flooring. After the

concrete has cured, the shaft should be backfilled with

selective granular materials that can be readily vibrated or

mechanically compacted to finished grade.

Major excavations including the Idaho No. 2 Calyx and

MasIin Shaft -- should be treated as described above, but

should also be bridged over with a reinforced conerete slab

at least 4 inches thick and extending at least 5 feet beyond

the excavation perimeter. Reinforcement should consist of

deformed steel bars (at l-east No. 4 gauge) spaced on centers

not npre than 18 inctres apart in each direction.

Atl shaft treatment work should be observed and evaluated by

an engineering geologist from our firm.

h
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LIMITATIONS

The information contained in this report is based upon our

geologic reconnaissance, historical research and limited
Iaboratory testing, as well as professional judgement. The

scope of this investigation is preliminary only and shouLd

not be construed to imply final conclusions or

recommendations for use in design or construction at

$lhispering Pines Park. Further geotechnical studies should

be undertaken to resolve specific questions with regard to

site grading, proposed structures and roadway sections.

If, during the course of other investigations, soil or
geologic conditions different from those described above are

discovered, then the contents of this report shall be

considered invalid, unless the information is modified by

written amendation.

I
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We emphasize that thie report is,applicable only to
Wtrispering Pines Park and should not be used for the

asseasment of soil or geologic conditions on any other site.

LCffRY & associates

?*" C. wd);
I

PAUL C. V'EIDIG

Registered C. E. No. 25,L28

Certified Engineering Geologist No. 932
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APPENDIX

GENERAL INFORMATIOhI

An investigation of soil and geologic conditions at
Whispering Pines Park was authorized by Brenda GiIlarde of
WP!4 Inc. r on March 28, 1983. ftris study was conducted in
accordance with the terms and conditions stated in LolvRy &

associates' contract. and proposal letter for geotechnical

services, dated January 26, 1983.

The general civil engineering consultant for this project is
Nevada City Engineering, Inc., 424 Broad Street, Nevada City,
California 95945.

The base map from which the Geologic Mapr plate No. I, wact

prepared, is referenced to a site plan (scale: I"=2OO') drawn

by Nevada City Engineeri.g, Inc.

site cul-tural features and conditions are those existing at
the time of our geologic reconnaissance, March 3O, 1983, and

are not necessarily representative of such features or

conditions at other places and times.
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Page 2A

FIELD EXPLORATION

The nature, distribution and characteristics of the geologic

formations underlying the property were evaluated by geologic

reconnaissance and mapping on a scale of 1"=200'. The map

Irras then reduced to a scale of I "=40O' for presentation in

the report and the finished map appears on Plate No. 1,

together with a legend explaining the geologic symbols.

Fietd exploration also included an evaluation of potential
springs or other high ground water conditions, the locations

of previous mine workings and the recovery of selected bulk

samples of the native soils for laboratory cJ-assification and

testing.

LABORATORY TESTING

Samples of the surface ('A" horizon) and subsurface ( "B"

horizon) soils were subjected to Atterberg limits tests
(esrU D423 and 424) to determine the plasticity

characteristics of the materials. ftre results of these tests
are displayed on Plates No. A1 and A2.t

t
T
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Page 3A

Resistance value tests (CTM-301G) \^rere conducted on selected

eamples of the anticipated pavement subgrade soils. Ttrese

tests results, which were used in our pavement section

analyses, are presented on Plates No. A3 and A4.

LOMY & associates

I
I
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WHISPERING PINES PARK
Brunswick Road at Idaho-MaryIand Road

Grase VaIJ-ey, California
L&aNo.83-II8

RESISTANCE VALUE TEST
California Test Method No. 301-c

Material Description: Red-brown silty clay

Origin: Amphibolite schist

Depth: O-12"

Dry Unit Compaction Exudation Expansion Pressure
Weight Moisture Pressure (dial
(pcf) (8) (psi) readins) a

Speeimen
No.

Resistance
(n) value

I
I
T

I
2

3

97

98

99

Dry Unit
Weight
(pcf)

16. 1

L4.9

r3.7

Compaction
Moisture

t
16.6

15.6

14. 6

L72

268

384

Exudation
Pressure
(psi)

(psf)

95

182

377

40

70

75

Resistance
(n) vatue

18

49

74

22

42

a7p
I
I
t
I
I
t

R Value at 3O0 psi Exudation pressure = 74

tlaterial Description: Brown fine sandy silt (Uf,1

Origin: Gabbro

Depth: 0-8"

Specimen
No.

Expansion Pressure
(diaI

reading) & (psf )

I
2

3

114

r17

118

L28

248

352

o

15

40

o

65

173

R Value at 30O psi Exudation pressure = 60

I
T

PI"ATE NO. A3



WHISPERING PINES PARK
Brunswick Road at Idaho-Maryland Road

Grass VaIIey, California
L&aNo.83-118

RESISTANCE VALUE TEST
Cali-fornia Test Method No. 30I-G

Material Description:

origin:
Depth:

Red-orange clayey fine sandy silt (ltt,)

Metasiltstone

o-12u

1pecimen
No.

Dry Unit
Weight
(pcf)

Compaction
Moisture

G)

Exudation
Pressure
(psi)

E ansion Pressure

p
I
2

3

96

98

99

Dry Unit Compaction
Weight Moisture

a
readine ) & (psf )

26.7 r28 3 13

25.L 28A 28 r2L

23.5 408 100 433

R Value at 300 psi Exudation pressure = 40

Resistance
(n) value

L7

39

69

Resistance
(n) value

49

63

67

Material Description: Yellow-orange clayey silt (l'ttt)

Origin: Serpentinite

Depthz 72 - 96"

Exudation Expansioq qleeEure
Pressure (dialSpecimen

No. (pcf ) (r) (psi ) reading ) & (psf)

85 32.2 168 37 160

a7 33.3 344 LOz 442

88 35.5 544 183 792

R Va1ue at 300 psi Exudation Pressure = 6O

I
2

3

I
T

PLATE NO. A4
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-NOTES- 

1. This plate rtwdifed from a piaNprofi le sheet prepared 
by Nevada City Engineering, Inc. 

1. Explanation of symbols and classification system used 
on boring logs are presented on Plate No. 15. 

3. No free ground water observetl in bonngs. 

4. The boring logs show subsurface conditions at the 
locations and on the dates indicated. It is not 
warranted that the are r 
at other locations and tim 

presentative of such conditions 

5. Boring locations are approximate on{y. ~ 
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-NOTES- 

t. This plate modified from a platy profile sheet prepared 
by Nevada City Engineering, Inc. 

2. Explanatin of symbols and classification system used 
on !bring logs are presented on Plate No. 15. 

3. No free ground water observed in borings. 

4. The boring logs show subsurface conditions at the 
locations and on the date indicated. It is not 
warrented that they are representative of such 
conditions at other locations and times. 

S. Boring locations are approximate only. 

/2 "FL (s. TEE. .. 
•;.••/2 FL 6. RT. GATE VALVE 

t2'OC(CT1L E 6 
/RON PtPE' ... 1 .... ~~ 00

~--_ Q ~ ~ c 

.~,...-

\ ~,~-^ CONC. DR/VE 

~ ° 29' ~~+ PANES ~ ~~~ r ~ ti"% 

,S _ ~ Q ~_ ~;~ a 
'~i K, x ~,.~ ~~ i U ~. 

/ ~ W P-6 \ y
~j ~~ ~ ~ ~ ~ ~ 

~ ~ ~ / ~ ~ I I ~ ---"'~ ~Q~ ~ 

/ I O y~ ~ i `~` 
~ i (~ ' ,~ 

O ~ ~; ' 
2~0 

~ ~~~ 

✓ 

-J1,, ,', ;,t,%'. -~ 

—~ ~ 
_ 

--~_ 

~ 
._..- — - — — -- --- --~— v _ 

.' — __ . .__. _.__.. _..— WP_6 
_~^ J 

_ _.____ ___.__ ___ ._ __~_ _ _.___.___ _. _. _____. 
'__' 

~. WP-5 _—. - --_ _ __._.— _ __ - - ems. __ 

— — 

. ~ 
- 

. . 
._ .___~_ --_ —_.. . 

ro n c a -~t si ..__ 
_ O 

— _ 

---- - -- --- -- F' --- 

~. 
-- .. 

_. ~ ~ 
_'".. "—_ __ 

W 
__—.. _.- _. i 't_ "......-. . . . _. 

~.r

- 

_. -....--._ __i 

-" __ 

LOWAI( S► ASSOCIATES 

GEDTECHNICAI. ENGINEERS 

DRAWN BY~ G. C. 

CHECKED BY= P- 
0 

SCALE FEET ~~~omi 

Barmby 

C. Weidig 
40 80 Hawn 

~~~ ~ 1 ~. 

WHISPERING PINES ASSESSMENT DISTRICT IMPROVEMENTS 

Whispering Pines Road, Sta. 32 - 42 

Grass Valley, California 

P{'aOJECT NO~g6-73 

DATE' 2/86 

PLATE N0= 6 



w 
V

o ~ 
y 

2715 
----~-__- 

~L 

N~( - ~J 
~Nf. I 

G 

~o 
0 

~-~ 

~~ 

-.~--- ISPERING 
.- t 

~-----'-----.'"" 

~' PINES 
~ , e 

`~---~._. ~--- ~--~~ n~~----~"", 
----~.~ 

a 

~ ' 
U 

-NOTES- 
~ C 

1. This plate modi£ed from a planfprofile sheet prwpared 
by Nevada City Engineering, Inc. 

2. Explanation of symbols and classification system used 
on boring logs are presented on Plate No. 15. 

3. No free ground water observed in borings. 

4. The boring logs show subsurface conditions at the 
locations and on the date indicated. It is not warranted 
that they are representative of such conditions at other 
Iocallons and times. 

5. Boring locations are approximate only. 
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2. Explanation of symbols and classification system used on boring logs 
are presented on Plate No. 15. 

3. No free ground water observed in borings. 
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[he date indicated. It is rot warranted that they aro representative 
of such conditions at other fomtior+s and times. 

5. Boring locations are approximate only. 
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December I9, 1985

INTRODUCTION

Pur ose

A foundation engineering investigation has been ccnrpleted for
the proposed WoIf Creek Industrial Park, odjoining the City
of Grass VaIley. The purposes of this investigation have
been to evaluate earth materials and ground water condit.ions
on the site,. to formulate geotechnical recomlnendations for
use in the design of specific construction elements; and to
provide criteria for site grading, including the construction
of engineered filt.

Scope

The scope of this investigation has included a reconnaissance
of the site by a member of our engineering staff; the
drilling of six test borings to a maximum depth of 30+ feet
belcnr existing site grade; laboratory testing conducted uPon
selected samples recovered frqn the borings; ccrnpletion of
two, 600-foot Iong geoseismic refraction traverses; geologic
research and historical investigation; engineering analyses'
and the preparation of this rePort.

This report includes our findings regarding site, geologic
setting, past rnining, earth materials and ground water
condj-tionsi conclusions pertaining to expansive soils,
bearing capacity, materials suitability, slope stability,
erosion potential, €xcavation, and foundation alternatives;
and recc[Tlrnendations for site grading, erosion control , ground
water control, foundations, floor support and pavement
section alternatives.

The locatj-ons of the test borings and geophysical surveys
ccrnpleted on the property are depicted on Plate No. l. The
logs of the test borings and results of laboratory testing
are displayed on Plates No. 2 and 3; an explanation of the
symbols and classification system used on the Iogs aPpears on
PIate No. 4. Geologic sections interpreted from field

P.O. E|OX 13340. 1e3 CoMMEFICE CltrCLE. SACFAMENTO. CA 95Al 3 916 9e9'9()1 2
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geophysical data and a key to the geologic slmbols used on
the sections are illustrated on Plates No. 5 and 6. Appendix
A contains information of a general nature regarding project
concepts, descri-ptions of our field exploration and
Iaboratory testing programs, further laboratory test. results,
and selected references consulted during the course of our
investigation. Suggested specifi-cations for earthwork appear
in Appendix B, and s6paraCe spGCitications for foundations
are presented in Appendix C. These specifications may be used
as guides to the ccnrposition of contract documents.

Nature of Project

It is expected that the development will consist of 1- and
2-story, Iight ccmmercial and/or industrial buildings.
Preliminary grading plans prepared by the civil engineering
consultant indicate that extensive grading requiring up to 30
feet of cut and filt will be utilized in construction of the
roadways and building pads. It is li-kely that most
structures generating foundation loads of no more than
intermediate intensi-ty can be supported on conventional
spread footings, and that heavier design loads can be carried
by cast-in-place drilled piers.

FINDINGS

Site Description

WoIf Creek Industrial Park is an irregularly-shaped, 26-acre
property divided into four parcels ('rA, through 'rD'r) bordered
to the south by ldaho-Maryland Road; to the north by the
Ruppert property and State Highway 49; to the west by the
open, undeveloped Cannon property; and to the east by the
Richardson property. Barbed wire fences extend along at
Ieast parts of the north and east boundaries.

The surface of the subject site slopes to the south from
elevation +2646 feet (U.S.G.S. datum), near the northeast
property corner, to about elevation +2495 feet, along
Idaho-Maryland Road. A knoll rises to elevation +2603 feet
in the northwest quarter of the study area. Drainage is
principally directed to the south a4d southwest. During our
field reconnaissance, w€ discovered several springs, dII of
which are probably perennial. Stone-Griffiths ditch, which
once supplj.ed water to the City, is an excavated channel that

t
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follo,vs the approximate elevation +2543-foot contour, but has
been abandoned and nor^I collects only upslope sheet runoff .

Most vegetation had been cleared off Parcels nAtt and "B".
Remaining vegetation, generally confj.ned to Parcels trCrr and
"D", conisted chiefly of indigenous pine and cedar trees, and
scme remaining manzanita understory.

The previously-described knoll marks the approximate location
of the Mobile Mine, ncrvr defunct. The Eureka Shaft, also
i.nactive, is located to the southeast of the knoll and belov,r
the ditch, which at this point is carried over ttre shaft
portal by means of a hand-hewn stone aqueduct. Mine tailings
frcrn these workings have been dumped along the south edge of
the knoll, through the center of Parcel "D". A large
concrete block near the center of Parcel rrArr appears to have
supported a tramway tcr./er vhich may have been a part of an
ore conveyor system serving the Mobile t'line and Spring Hill
Mine on the Ruppert property.

Geologic Setting

The site is indicated to be underlain by two distinct rock
types. Ttre older is serpentinite and serpentinite sctrist,
created during the Upper Jurassic period (Kimmerj-dgian epoch)
of geologic time, or about 140-155 mj.Ilion years ago. These
serpentinized rodcs are perithermal formations ccrnposed of
metamorphically altered, ultrabasic rocks. T'he younger
geologic association is a suite of di,oritic rocks,
predooinantly di-abase and gabbro, that form dikes which
intrude the serpentinitic rocks. They are estimated to have
originated during the Upper Cretaceous period (Berriasian
epoch), about 130-136 million years d9o, and are identified
as a part of ttre Grass Valley Pluton. The dikes typically
are oriented on a westerly strike and dip almost vertically,
where visible at ground surface.

Along the contacts between the serpentinitic and dioritic
rocks -- and to a lesser extent along fractures pervading
zones of serpentinite schist -- there are
hydrothermally-deposited, gold-bearing veins, a geologic
phencrnenon which the early miners recognJ.zed and exploited.
Most of the successful gold mines in ttre Grass VaIIey area
are driven along these ore shoots.
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Mining History

The Mobile Mine, Spring Hill Mine and Eureka Shaft are shown
on geologic maps published as early as 1896. The Eureka lline
was opened in 1851r on the Eureka-Idaho-t"laryland vein, and
the shaft was sunk to a depth of 100 feet. The vein, which
averages frcrn about 2 lo 4 f eet in thickness, was follcmred to
a depth of 1200 feet until the mj-ne closed in 1877. Tfie
Idaho-Maryland Fline, developed on the eastward extension of
the Eureka-Idaho-llaryIand vein, was worked to a total
vertical depth of 2f80 feet. Drifts follcnr the strike of the
vein and extend across the w'idth of the claim a lateral
distance of 1550 feet.

The Eureka-Idaho-Maryland vein is confined t,o a contact
between serpentinite and diabase. It has an average strike
of N 77" W, dips about 70o to the south, and consists
exclusively of solid quartz in the pay shoot, except where the
adjoining country rocl< is impregnated with quartz stringers.
A schematic representation of the vein as discovered in the
Eureka Straft, is shourn on Fi.gure No. I. Another gold-bearing
quartz vein was found about 30 feet to the south of the main
vein and is separated frcrn it by a dike of diabase. Records
indicate that this southerly vein has never been worked.
Records also indicate that the ore assay ranged frcnr 0.2 to
2.5 ounees of gold per ton over an average width of 3 feet.

Earth l,laterials

SoiIs

A11 but Boring No. T5 disclosed a thin veneer of surface soil
immediately overlying the bedrock. This natj-ve soil cover
was found to be l-L/z to 3-L/2 feet thick and consists of
medium-dense, brcrrn, fine to coarse sandy silty clay (Unified
SoiI Classification: CH), with highly-weathered sepentj.nite
schist fragments up to L/2 inch wide. The silts are colluvial
in nature, having been derived frcrn in-place weathering of
the underlying serpentinitic bedrock.

The results of the geophysical surveys show a computed
average ccmpressive wave velocity of about 7I0 feet per
second for the surface soils.
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Mine Waste

Boring No. T5 encountered rnine tailings or fiII to a deprh of
15 feet. The tailj-ngs consist of medium-denser gr€€r1
weathered serpentinite schj-st rock fragments and
reddish-brcrvrn, fi-ne to coarse, sandy clayey silt and silty
clay (Uil-Ctt) dumped over slope from past workings at the
Mobile Mine Eureka shaft.

Rock

Every boring except Boring t{o. T5 penetrated green-brown,
highly weathered serpentinite schist or reddish-brovrn and
white mottled talcose serpentinite to the maximum 30-foot
depth of explorati.on belcur the soil mantle. Rock consistency
per sampler penetration resistance data ranges from
medium-dense to very dense, depending upon the degree of
weathering.

The results of our geophysJ.cal survey shows a conputed
averaqe ccmpression wave velocity of about 4L75 feet pei
second for the serpentinitic rock. Although not discovered
in our test borings, the underlying dloritic rock is
interpreted to have a ccmpression wave velocity approaching
L4,740 feet per second.

Ground Water

Each of the test bori-ngs was checked for ground water
and immediately follovring ccrnpletion of drilling. No
water was observed at any boring location.

during
ground

At least four major springsr ds schematically depicted on
Plate No. I, exist on the property. They are probably
expressions of seepage emanating from breached or
near-surface rnine workings that are no&{ flooded and
function as perennj-al ground water conduits. The most
prcminent spring is situated just above the north shoulder of
Idai:o-Ilaryland Road and immediately west of the present main
access to the study area. At the time of our field
reconnaissance, this spring was flcx,.ling at a rate of nearly
200 gallons per minute. Less pronounced springs are marked
by dense berry vine colonies ano marshy areas at higher
elevations. It is also possible that during the rainy season,
ground water recharge through bedrock fractures wiII occur,
resulting in additional springs not seen durrng this
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other areas of seepage could be
especially near the mine shafts.

CONCLUSIONS

Expansive Soils

The results of Atterberg limits tests conducted on a selected
sample of the near-surface soils shors that this material is
significantly plasti-c ("P.I." = 26) and could develop
significant swellj.ng pressures with variations in moisture
content. Clay searns assocj-ated with the serpentinite schist
bedrock are also indicated to be appreciably plastic and
potentially expansive, although the rock j-tself is indicated
to be essentially nonexpansive.

Bearing Capacity

The results of this investigation indicate that the native,
undi-sturbed soils are capable of sustaining directly-applied
foundation loads of intermediate intensity, as weII as areal
Ioads produced by engineered fiLl embankments of limited
height. Intact bedrock is indj-cated to be capable of
supporting heavy, concentrated foundation loads as well as
areal surcharges of consi.derable magnitude.

Deposits of coarse to fine tailings or mj-ne waste are
considered unsuitable for support of either foundation or
areal loads without recompaction. The equilj-brium of the
mine waste embaricments is questionable even under present
conditions.

The results of this study also indicate that new engineered
fills, placed and ccrnpacted in accordance with the
reccmmendations of this report and the appended earthwork
specifications, will be ccrnpetent for support of the Proposed
constructi-on.

!,laterials Suitabi lity

On-site soils, mine tailings and rock are acceptable for use
in engineered fill construction provided they are processed
to remove significant vegetation, rubbish and oversized rock
fragments, are brought to the correct moisture content; and
if the soils are blended with rock fragments of suitable size
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in order to produce a mixture having reduced expansive
tendencies.

Slope Stability

Natural hilt slcpes appear to be stable at their present
configurations, although they are susceptible to erosion
where exposed to concentrated surface flor,rr.

Mine tailings found south of the knoll are considered only
marginally stable at present and could becqne unstable with
very Iittle additional loading.

The results of this study indicate that cut and fill slopes
constructed in accordance with the reccmmendations of this
report should remain adequately stable, provided that fiII
slcpes are properly benched and keyed over steepr natural
ground and that both excavation and embankment slopes are
protected frcnr deterioration by erosive forces. The
serpentinitic bedrock is virtually structureless and is prone
to minor but persistent spalling where planes of weakness are
unfavorably oriented with respect to exposed cut faces.

Erosion Susceptibitity

Erosion of natural devegetated slopes has been minimal and is
probably related to the degree of mechanical reinforcement
offered by remaining roots. Slopes constructed of engineered
fill wiII be more sensiti-ve to erosion due to an increased
angle of repose. Cut slopes in serpenti-nite schist or diabase
probably will not pose significant erosion problems.

Excavati-on

The results of the test boring and geophysical exploration
programs indicate that all of the surface soils and mine
tailings can be excavated using conventional earthmoving
equipment.

The depth to which it may be possible to remove the
underlying bedrod< is directly dependent upon the type of
equipment utilized and the characteristic geoseismic velocity
at the level of excavation sought. The geophysical surveys
and test borings suggest that about 35 to 50 feet of soil and
weathered serpentinite schist can be removed with grading
equipment ccmparable to a DBL Caterpillar equipped with
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dcuble rippers. Excavations exceeding a depth of
approximately 50 feet belcnv existing ground surface are
indicated to be unfeasible except by blasting.

Foundation Alternatives

Isolated spread or continuous spread footings are likely to
be the most practical foundation system for buildings
generating light to intermediate structural loads. DrilIed
piers designed to acquj-re end-bearing in bedrock could be
used for support of more heavily-Ioaded structural elements.

RECOl,lt'lENDAT IONS

Site Gradinq

Clearance

General clearance within the proposed building and pavement
areas should include the removal of all surface Yegetation,
underbrush, dcrrned timber, unwanted trees and'associated root
systems; loose and/or saturated materials in drainage swales
and the existing ditch; existing piles of rock and mine
waste; the existing concrete tram to$/er base, floor slab and
foundations; and any underground utilities that are within 2

feet of existing or final grade (whichever is lower).

After the above clearing operations have been ccrnpleted,
depressions extending below planned finished grade should be
cleaned out to firm, undisturbed soil or bedrock (whichever
is higher) and backfilled with engineered fill as described
belcru. For earthwork purposes, building pad dimensions
should be considered to extend at least 5 feet beyond
exterior foundation lines.

Treatment of Shafts

The Mobile and Eureka shafts should be reopened to a depth of
at least 10 feet belcr,.r existing or finished grade (whichever
is lo,ver). AlI timber lagging or railwork should be striPPed
frcrn the shaft walls and any Potentially unstable soils or
weathered rock surrounding tkre shaft collar broken back to a
configuration not exceeding I horizontal to I vertical. The
exposed earth materials should be evaluated by our
engineering geologist hltlo wiII issue a special procedure for
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remedial work in the event that conditions conductive to
future instability are identified.

The open shafts should be bridged with overlapping horizontal
tj.mbers that are pressure treated in accordance with ASTI4
Specification DI760-80 or (Preferably) corrosion resistant
H-beams. Seating of the bridgework is an i-mportant
consideration. Timber should be driven into place with enough
force to engage at least 50 percent of the ultimate axial
ccrnpressive strength of each member. Steel should be cradled
in properly-affixed beam seats. The bridgework should then be
floored over with tj-mber stringers or lightweight metal
decking and a lightweight concrete seal at least 3 feet thick
should be placed over the flooring. After the concrete has
cured, the shaft strould be backfilled with selected granular
material that can be readily vibrated or mechanically
ccnpacted to finished grade.

Alternative treatments may be acceptable or desirable,
depending upon conditions uncovered in the field, if
ccmparable security can be assured. Irrespective of vttich
appraoches are adcpted, aII shaft treatment work should be
observed and evaluated by our engineering geologist.

Su rade Pr ration

Soil subgrades designated to receive engJ.neered fiIl should
be scarified to a depth of 6 inches or to the underlying
bedrock surface (whic_hever__{equires less Penetration) and
reccmpacted in place to noi=tess than 95 percent of maximum
_QrV density, Ert or above the optimum moisture content, ds
stipulated by ASTM Specification Dl557-78.

For rock subgrades, no attempt at scarification or
reccmpaction should be undertaken, but the grade should be
cleared of all loose rock fragments greater than 4 inches in
maximum size.

Engineered FiII

Engineered fill materials to be used within the upPefinost 3

feg! of embankments may consist of approved, native soils
mixed with not less than 15 percent native rock fragments 4
inches wide or less, or excavated weathered bedrock processed
to remove any unsuitable debris including vegetation, rubble,
rubbish and rod< fragments exceeding 4 inche's in largest

t
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dimension. Salvaged mine tailings may also be used for this
purpose if they are processed to conform to the above
criteria. Imported filI, if required, should have a
plasticity index not, exceeding L2, a maxlmum particle sLze of
4 inctres and an expansion index not exceeding 20. Ttre
intended borrour area should be tested and aPProved by our
firm as a condition of use. Rocks over 60 inches in diameter
and frozen soils should not be used in embankment
construction.

Engineered fill materials derived by on-site excavation to
produce rgck fragments that are larger than 4 inches in
maximum size may be used belcor a depth of 3 feet frorn
finished embankment grade. Boulders greater than 36 inches
in largest dimension should be placed directly on the cleared
embarrkment subgrade and spaced at least 3 diameters aPart, in
staggered rcr^rs, the spacing to be governed by the larger of
any two adjacent boulders. It should be recognized that
filIs containing substantial arnounts of coarse rock fragments
may pose difficulties to trenching equipment during utility
installation and/or drilling equipment during pier foundation
construction.

Engineered fill should be placed in horizontal lifts not
exceeding 6 inches in ccmpacted thickness. Each lift should
be ccrnp.-ted to at least 95 percent of maximum dry densit.y at
or above the optimum moisture content in accordance with ASTM
Specification DI 557 -78.

Benching Keying

Where the slope of the original ground exceeds an inclination
of 6 horizontal to I vertical, benches should be cut into the
natural slope as the filling operations proceed. Each bench
should consist of a level terrace at least B feet wi-de with
the rise to the next bench not greater than 4 feet.

Where the slope of the original ground exeeeds an inclination
of 4 horizontal to I vertical, a keyway should be provided in
addition to the benches. Each keyway should consist of a
level trench at least 4 feet wide, cut to a depth of 3 feet
into the original ground along the proposed embankment
toeline, with sj-de slopes not exceeding an inclination of I
horizontal to I vertical.

o
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Slopes

Permanent embarrlcment slopes constructed in engineered fill
using native earth materials nay be designed at an
inclination not exceeding 2.0 horizontal to 1.0 vertical to a
height not greater than 30 feet. Embankment slopes of greater
height should be flattened Lo 2.25 horizonral to 1.0
vertical.

Permanent slopes excavated in bedrock may be designed at an
inclination of 1.5 horizontal to 1.0 vert,ical to heights not
greater than 35 feet. Cut slopes of greater heighr should be
flattened to 1.75 horizontal to 1.O vertical. The
inclination of all cut slopes in soi-l should be reduced to
2.0 horizontal to I.0 vertical or flatter.

Testing

Our representative should be present during aII site clearing
and grading operatS-ons to test and observe earthwork
construction. The foregoing recommendations and those wtrich
appear in later poin'ts in this report are predicated upon the
adherence to the provisi-ons of the appended earthrr/ork
specifications in Appendix B.

Erosion Control

Planting

AII engineered filt slopes should be seeded and/or planred
with environmentally-ccnrpatible species as protection from
concentrated surface fIcrur. The approprj.ate speci-es should be
selected giving due consideratj-on to plant hardiness,
propagation, and nutritive requirements including watering
demands as weII as ccrnpetition with indigenous plants and
trees. Interim slope protection could be provided by straw
punching or hydrcrnulching. The cro\^rns of aII slopes should
be rounded and ccrnpacted.

Drains

Interceptor drains should be installed no more than 4 feet
behind the crc,v/n lines of aII slopes greater than 5 feet in
height. These drains should be paved with at least 3 inches
of reinforced portland cement concrete or gunite and should
be founded at a minimum depth of L2 inches below lowest



I

o

o

Page L2
December 19, 1985
L&aNo.85-510

LGIWFTY A AS=itrtelATES

adjacent finished grade in undisturbed materials. ftte drains
should have a minimum paved width of 30 inches, measured
horizontally. A minimum gradient of -2 Percent should be
provi.ded and the accumulated runoff directed toward other
drains or lateral ditches designed to discharge the runoff at
points weII away frcrn vertical faces. Where downdrains
discharge onto slcpes that are steePer ttran 10 percent,
energy dissipation devices should be installed at discharge
ends. Ttrese devices tyPicalIy could include retained rocks,
lined stilling basinsr oE level spreaders designed to
disperse runoff gradually across a flatter sIope.

Adjacent to roadw&Ys, asphalt or portland cement concrete
berms should be installed along crotdn lines of slopes greater
than 5 feet in height to Prevent excessive sheet runoff.
Alternat.ively, rolled gutters paved and at the dimensions
stated above may be formed along ttre crc,\,{n Iines provided
that the gradient is not less than -I.5 percent. Collected
runoff frcm roof drains and pavement surfaces should be
directed tor^rards appropriately-sited drop inlets, scuPPers or
other drainage devices for disposal beyond the limits of the
sl cpe faces.

Terraces

For slopes greater than 2O feet in height, terracing wiII be
necessary. Terraces should be at least 6 feet in width and
should be paved with reinforced concrete or gunite not less
than 3 inches in thickness, or equivalent asphalt concrete
paving. Terrace drains should have a minimum depth of L2
inches at the deepest point, and a minimum paved width of 5

feet. Not less than LZ inches of Pavement should extend
along the finished face of slope above the flcr..r line.
Terrace drains should be inclined into the face of finished
slope at a minjmum gradient of '2 Percent and should be
sloped to drain tor,vard either hinge point at a minimum
gradient of -5 percent. A single runoff terrace draj.n should
not be allcnued to collect runoff from a tributary area
exceeding I3,500 square feet (projected) without discharging
into a dovsndrain.

Subdrainaqe

Depending upon final grades and slope configurations, a fulI
subdrainage piping system may be required to drain the major
spring just above Idaho-Maryland Road. Areas of lesso
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prcnrinent seepage probably can be adeguately drained with
herringbone galleries and/or gravel seepage blankets designed
to discharge into conveniently-sited drop inlets or
dc*rndrains.

Specific subdrainage recommendations can be formulated only
upon a review of the final grading plans, and upon evaluation
of actual field conditions during grading.

Foundations

Axia1 Bearing

The proposed buildings may be supported upon continuous and
isolated spread foundations based in undisturbed or
reccrnpacted natural soils, newly-constructed engineered fill,
or a ccnrbination of those materialsi or in bedrock, but not
both, due to differential settlement. consideratj-ons.Tff
Effiaations should extend to a minimum depth of 24 inches
belcrr Icnrest surrounding finished pad grade and should have a
minimum widtn of L2 inches.

Foundations established in and underlain by at least 18
inches of undj-sturbed soils and/or engineered fill may be
designed for maximum allourable bearing values of 1700 pounds
per square foot for dead load, 2500 pounds per square foot
for dead plus live loadr or 3400 pounds per square foot for
total load, including the effect of either seismic or wind
forces. Foundations supported entirely on bedrock may be
designed for 5000 pounds per square foot for dead load, 7500
pounds per square foot for dead plus live load, ot 10,000
pounds per square foot for total load, including the effect
of transient forces. The weight of foundation concrete
extending belcrvr grade may be disregarded in sizing
ccmputations. At the minimum reccrnmended depth, spread
foundations are expected to be adequately protected against
heave due to frost invasion. Continuous foundations should
be reinforced with at least two, No. 4 bars one each, toP
and bottorn.

To satisfy the reguirement that aII foundations for any
individual structure be based in and underl-ain by similar
materials, it may be necessary to overexcavate those Parts
building pads in cut, where there are transitions from cut
fiII across daylight Iines, unless the foundations are
deepened to engage bedrock throughout.o

of
to
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Alternatively, buildings may be suPported upon drilled,
cast-in-place concrete piers designed to acquire end bearing.
AII pier shafts should have a minimum diameter of 18 inches
and should extend to firm, undisturbed rock. Such piers may
be designed for the net rock contact pressures stated above.

If highly-resistant bedrock i-s encountered above the minimum
reccrnmended foundation depth(s), stability can be achieved by
dcrrelling i.nto the bedrock surface. Dowels should consist of
No. 6 bars achJ-eving at' leat I inches of bedrock Penetration.
Dowels should be spaced on 24-inch centers or closer for
continuous foundations; isolated foundations (including
piers) should be pinned to the bedrock surface with at least
one dcmrel. Dowel holes may be advanced with percussion
drilting equi;:ment and should be about L'L/2 inches in
diameter. Dowels should be fixed with epoxy resin or a
rapid-setting grout with an ultimate canpressj.ve strength of
at least 2500 psi. We suggest, dt least for continuous
foundations, that dcnrels be bent at right angles at the
centers and along ttre longitudinal axes of the foundations to
enhance anchorage.

Setbacks

On slcpes having a configuration of l0 horizontal to I
vertical or greater, continuous foundatj.ons should be stePped
to provide an effective slope no steeper than 2 horLzontal to
1 vertical, or dot're1led uftere stepping is either impractical
or unattainable. Foundati.on lines should be set back a
lateral distance of at Ieast 6 feet from slope crown lines.

Lateral Bearing

Resistance to Iateral foundation displacement may
using allcnable friction factor of O.25 acting at
foundation level.

be computed
the

Alternatively, Iateral resistance may be calculated using a
uniform passive pressure of 350 pounds per square foot
ccnrbined with an equivalent fluid pressure of 150 pounds per
cubic foot exerted against any appropr5-ate vertical foundation
face. For drilled piers, these pressures may be assumed to
act against a virtual plane equal in width to I.6 times the
pier diameter.

I
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UP lift Capacity

Uplift of spread foundations will be resisted by the dead
weight of footing concrete and shearing resistance developed
along vertical planes extending between the outermost
foundation edges and ground surface. Similarly, uplift of
drilled piers w'ill be resisted by the dead weight of pier
concrete and shearing resistance developed along the pier
s ides.

For design purposes, the dead weight of foundation concrete
may be assumed at 100 pounds per cubic foot, and shearing
resistance nny be assumed at 2O pounds per sguare foot per
foot of foundation depth ccrnbined with a uniform resistance
of 190 pounds per sguare foot.

Construction

AII excavatj.ons for footings should be free of loose soil and
rod< fragments immediately prior to placement of foundation
concrete and reinforcing steel. Foundation concrete may be
placed neat, without forming, against trimmed approved
bearing materials.

Pier shafts should be thoroughly clean and dry prior to
placement of concrete and reinforcing steel. For shafts
greater than 5 feet deep, foundation concrete should be
placed by means of an elephant trunk or similar device to
avoj-d contamination of the concrete by soil and rock
fragments dislodged frqn the shaft walls. Specifications for
drilled pier construction are presented in Appendix C.

Retaining Walls

Lateral Pressures

Yielding (cantilevered) retaining walls capable of deflecting
at least 0.I percent of the wall height could be subjected to
Iateral earth pressures equivalent to those exerted by a
fluid weighing about 40 pounds per cubic foot.
Fully-constrained or unyielding waIIs incapable of such
rotation cqrld be subjected to Iateral earth pressures
equJ-valent to those exerted by a fluid weighing about 50
pounds per cubic foot.

The above lateral earth pressures are based upon the
assumption that walls wiIl be futly drained to prevent the
creation of hydrostatic pressures.
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Drainaqe

Impervio:s paving extending to top-of-wall grade wiII suffice
to prohibit significant surface water infiltration that could
result in the development of hydrostatic Pressures. If such
a paving system cannot be provided, hohrever, walls should be
drained by means of weep holes at Ieast 4 inches in diameter,
spaced not farttrer ttran 6 feet on centers, and positioned not
more than 18 inches above the lor,'rer grade. To Prevent waII
backfill intrusion, each weep hole should be overlapped by
two, 8-inctr square swatches of sPunwoven geotextile fabric
affixed to the rear weep hole opening prior to Placement of
structural backfill.

Backfill

Structural backfill should consist of nonplastic sandr p€a'
gravel, or a mixtrrre thereof . Since these materials are not
available on site, imported backfill will be required for
this purpose and should be aPproved by our firm.

BackfilI should be constructed \,tithin a wedge-shaped zone
defined by the rear waII surface, finished grade above and
beyond the waII, and a plane extending upward and away from
the heel of the waII at an inclj-nation not exceeding 2
vertical to I horizontal.

The uppermost 2 feeL of backfill rnay consist of native soils.
AII waII backfif l should be plec-eLin level Iifts not
exceeding LZ inches in ccrnpacted thickness. Each lift should
be brought to at least the optimum moisture content and
cqnpacted to not less than 90 percent relatj.ve compaction as
stipulated by ASTIII Specification DI557-78, €Xcept, that in
areas to be overlain by pavements, the minimum compaction
standard within the uppermost 2 feet- should be j-ncreased to
95 percent.

Floors

General

Potential swelling pressures due to exPansion of the subgrade
soils must be counteracted to reduce the possibility of
distress to concrete slabs-on-grade. This objective can be
achieved by several techniques, each of vtttich offers a
different level of security against slab cracking and

I
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displacement. These include, in order of ascending degree of
protection: I) subgrade moisture conditioning; 2)
overexcavation of subgrade soils and restoration to grade
with nonexpansive materials ccmpacted as engineered filI; 3)
slab reinforcement rdith deformed bars; and 4) a ccnrbination
of all three.

Moisture Conditioning

For the moisture-condj-tioning option (ttre least positive), we
reccmmend that subgrade soils be saturated to a depth of at
least L2 inches belcrr finished grade. Tkre correct moisture
GGnt to be achieved should be determined by our
representative, follcmring ccnrpletion of the building pad
under consideration. Dloj-sture-conditioning likely can be best
achieved by liberal sprinkling or flooding of the grade and
may be expedited by utilizing ccrnmercially-available
penetrant additives j.f desired. should the moisture-
conditioning option be cl, osenr our representative should
field-check the subgrade moisture content no more than 24
hours prior to placernent of slab concrete.

Nonexpansive Subgrade

Alternatively, slab protection could be afforded by
construction of a nonexpansive subgrade consisting of
approrred, imported granular soils as previously described.
Such soils should be placed within the uppermost L2 inches of
final subgrade level and should be ccmpacted as recqnmended
for engineered fill. Subgrade soils should be brought to at
least the optimum moisture content. immediately prior to
placement of slab concrete as a precaution against moisture
withdrawal by the subgrade soils as the concrete cures.

Reinforcement

Slab cracking due to subgrade swelling pressures can be
reduced by the incorporation of No. 4 bars spaced no farther
apart than 24 inches on centers in each direction. A mj-nimum
slab thickness of 4 inches should be provided. Bars should
be chaired at slab rn-iddepth.

cap illary Break

Regardless of r^trich method is chos'en to tr'eat the subgrade,
each concrete slab-on-grade floor should be underlain by a
4-inch thick blanl<et of free-draining, granular material
conforming to the follo,ving specification;

lo
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Sieve Size Percent Passing

1 -inch
No. 4

r00
o

Vapor Barrier

If greater assurance against slab moisture Penetration is
desired, vapor barrier membranes could be placed above the
gravel blarikets. A I- or 2-inch thick layer of damp, clean
sand spread over each membrane is suggested as Puncture
protection and to encourage uniform slab concrete curing.

Exterior Flatwork

Reccrnmendations similar to those for floor slabs would be
applicable to exterior flatwork, including utility pads and
concrete walkways, constructed on potentially-expansive
subgrades. Minimal slab reinforcement for exterior walkways
should consist of 6 x 6/wI.4 x w1.4 welded wire mesh.
Thickened slab edges should be a required part of exterior
flatwork conslruction. Thickened edges should extend to a
minimum depth of 8 inches belcrrr finished slab grade for the
entire slab perimeter. Similar thickening at cold joints
would also be desirable.

Pavements

Design Criteria

We have calculated alternative pavement sections for the
proposed parking stalls, driveways and service aProns using
the the results of Resistance ("R") value tests conducted
upon selected samples of the anticipated subgrade soils, the
Caltrans "Design Method for Flexible Pavements", and assumed
traffic indices ("T.I."s) wtrich represent wheel load
frequency and intensity. Laborat.ory tests show "R" = 17-59
at 300 psi exudation pressure. For the design Pavement
sectionsr, w€ reccrnmend "T.I. " = 4.5 for ordinary autcrnobile
parking and areas subject to ccnrparable wear, and "T.I." =
6.5 for moderate to heavy traffic, such as might be realized
in driveways, access lanes and parking aisles, or 1n areas
travelled by delivery vans, refuse collection trucks or
similar vehicles. We emphasize that the selected traffic
indices are based upon Projected pavement usage and do not
reflect wheel load repetitions derived frqn actual traffic
counts.

T
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Sections

Our reccmmended pavement section alternatives follot'r:

Reeommended Pavement Sections i-nches
De sig n
Traffic
Index

Asphalt
Concrete
(Type B)

3

Aggregate
Base

(crass 2)

74.5

6.5 L2
IO

Materials quality and construction requirements within the
structural sections should conform to the apPlicable
provisions of the Caltrans "standard Specifications" (July,
lgaa).

The foregoing' pavement section recoromendations are presented
with the understanding that soils exposed at final Pavement
subgrade level will be simitar to those tested during this
investigation, that subgrade Preparation wiII be acconplished
in accordance with the provisions of the attached guide
specifications, that the pavement subgrades wilI be stable,
and that the pavements themselves wiII be adequately drained.
Where drop inlets or other surface drainage devices are to be
installed, we strongly reccmmend that perforations, slots or
other openi.ngs be provided to allor,rr free drainage of the
contiguous base course materials.

LIMITATIONS

The reccmmendations of this rePort are based upon the
information provided regarding the proposed improvements aS
weII as the subsurface conditions encountered at the test
boring locations. If it is found during construction that
subsurface conditions differ frorn those described on the
boring logs, the conclusions and reccrnmendations in this
report shalI be considered invaLid, unless the changes are
reviewed and the conclusions and recommendations modified or
approved in writing.
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We would appreciate the opportunity to review the final plans
and specifications to determine if the recommendations of
this report have been implemented in those documents. The
review would be adcncwledged in writing.

We emphasize that this rePort is applicable only to the
proposed construction, as described herein, and should not be
utilized for design and/or construction on any other site.

LO{RY a associates

gas/ o at4,
JET'F O. SHORT
Staff Geotechnical Engineer

,JOS: jm

xc: (6 )

T*r. -. t{r--'J'*t
PAUL C. WEIDIG
Registered C. E. No. 25,L28
Registered Geologist No. 3163
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ilolo to ilo.ao
ilo.4oto Ho.?OO

4.761oO.O74
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-NOTES-

Geologic legend shown on Plate No. 6

Date of exploration: LI/6/85.

Elevation reference: U.S.G.S datum; elevations shown
are approximate on1y.

4 The geologic sections depict approximate subsurface
geologic conditions as inferred from the geophysical
surveys only at the locations and on the date indicated.
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Recent ffi CoTLuvium. Silts and
in-site weathering.

clays derived by 1

2

Date of explanation: LL/6/85.

Elevation reference:
eleyations shown are

U.S.G.S. datum;
approximate only.

Ctetaceous N Basic rntrusive Rock. Gabbro and diorite. 3 The geologic sections depict approximate
subsurface geologic conditions as inferred
from the geophysical surveys only at the
locations and on the date indicated.

Jurassi c ffi uTtrabasic 8oc.ks. Serpentinite and
serpentinite schist.
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APPENDIX A

GENERAL INFORMATION

A foundation engineering investigation at the site of the
proposed Wolf Creek Industrial Center in Grass VaIley was
authorized by John OdeII on November 5, 1985, by subscription
to and execution of LO!{RY & associates' proposal letter and
contract for geotechnical servj-ces, dated November l, 1985.

The civil engineering consultant for this project is O'DeII
and Associates, I00 South Church Street, Grass VaIIey,
California 95945 (I-272-2613); John O'DeIl is the coordinating
civil engineer.

The bo.rndarj.es of the study area are referenced to a document
entitl ed:

.'BOUNDARY LINE ADJUSTMENT, PARCEL MAP NO. 84-19,
BEING A PORTION OF SECTIONS 23 AND 26, T. T6 N.,
R.8E., I4.D.tq. IN THE CITY OF GRASS VALLEY, STATE
OF CALIFORNIA" (scale: l"=100'; dated January, 1985),
prepared by O'DeII & Associates, Grass Valley,
Ca li fornia.

The locations of our test borings are referenced to a
document entitled:

"TOPOGRAPHIC fv!!1ptt (scale: I"=I00' )
supplied by O'De1l and Associates,
Grass VaIley, Callfornia.

Boring locations shown on the Bori-ng Location PIan are
approximate only.

Boring elevations shcn*n on the logs are aPproximate only and
were obtained by interpolati-on between nearest ground surface
contours shovrn on the above-cited document.

Preliminary grades for Parcels "B", rrCrr and rrDrr are
referenced to a document entitled:

.'GRADING PI.AN FOR R. SEIFRIED, ET. UX.,
PARCEL I'!AP 84-19" (dated Feb. 1985; plan
scale: I"=50'; profile scales: I"=40'
horizontal, I"=I0' vertical), prepared by
O'DeIl & Assoiiates, Grass ValIey, California.
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Site condi-tions and cultural features mentioned in the text
are those existing at the time of our field investigation,
November 5 and 6, 1985, and may not necessarity be
representatj-ve of such conditions or features at other
Iocations and times.

FIELD EXPLORATION

Test Borings

Field exploration included ttre drilling of 6 borings at the
Iocatj.ons shovrn on the Boring Location PIan, Plate No. I, as
weII as the sampling of surface soils frqn various points on
s j-te. The borings were advanced with 4-L/2-inch diameter
continuous flight helical augers powered by a CME-55
truck-mounted drilI rig. At various intervals, relatively
undisturbed soil and rock samples were recovered frcrn the
borings by means of a 2-1/2-inch O.D.-2-inch I.D. California-
type sampler vtrich was driven with a 140-pound hammer freely
falling 30 inches. Ttre number of blcr*s of the hammer
required to drive the 24-inch long sampler each 6-inch
interval was recorded, with the sum of blovrs required to
drive the sampler the middle foot (6-inch to l8-inch
interval) of eacir drive denoted the penetration resistance or
"bIcu, count" for that particular drive.

The soil and rock samples were retained in 2-inch diameter by
6-inch long, thin-walled brass tubes contained within the
sampler. Immediately after recovery, the samples were
visually classified and the ends of the brass tubes were
sealed to preserve the natural moisture content. Selected
samples of the surface soils were obtained in a dj-sturbed
condition. A11 samples were taken to the laboratory for
classification, with selected samples designated for testing.

The Borj-ng Logs, Plates No. 2 and 3, contain descriptions of
the soils and rock encountered in each boring. The soils
were classified in accordance with the Unified Soil
Classification System. An explanation of that system and
other symbols used on the logs appears on Plate No. 4. In
addition, the boring logs show a graphical representat.ion of
the previously-defined penetration resistance or "blow count"
obtained during sampling.

Geophy sical Investigation

The geophysical exploration program
of two refraction seismic traverses

included the ccnrpletion
at the locations shown on
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Plate No. l. ExPloration was
12-channel, imPact-actuated,
and linear geoPhone arrays 6
spacing was held construct a
Seven impact Points -- two a
Iocations -- were used to de

Lcl\^,FlY B ASiSclCIATEsi

accomplished using a
signal enhancement seismograPh

O0 feet in length. GeoPhone
t 50 feet, center-to-center.
t thd ends and five at interior
fj"ne the velocity profiles.

a

processed geophysical
6, along with a keY to
section.

The arrival time profiles were recorded on aluminj-zed PaPer
and the field data reduced for ccmputer processing. Raw

field data were interPreted and the respective travel times
submitted to ccrnputer Program FSIPI (Fast Seismic
Interpretation Program - Versio" !). This Prograln utilizes
Fay-tracing method to cqnPute the depths to resPective
velocity interfaces.

Geologic sections interpreted frcrn the
data are displayed on Plates No. 5 and
the symbols vitrich portray each geologic

LABORATORY TESTING

Selected, undisturbed samples of soil and rock were tested
determine dry unj-t weight, natural moisture content.(eStft
D22L6) and unconfined -cmpressive strength (ASTI'1 D2I66).
results of these tests are included on the boring logs at
depth frcrn which each sample was obtaj-ned.

to

fhe
the

A sample of the near-surface soil was subjected to Atterberg
limit; tests (AST}4 D423 and 424) to determine the plasticity
characteristics of the material. The results of these tests
are displayed on Plate No. AI.

The internal strength characteristics of the earth materials
were evaluated by m"ans of triaxial ccEnPression tests (ASTM

D2850) conducted at lateral or confining air Pressures of I0,
20 and 30 psig. Thre results of this test series are
illustrated on Plate No. A2.

The internal strength characteristics of the remolded earttt
materials were evaluated by means of triaxial ccrnpression
tesrs (esru D2B5O) conducted at lateral or confining air
pressures of I0, 20 and 30 psig. The results of this test
series are illustrated on Plate No. A3.

Resistance value tests (CTM 301G) were conducted on selected
samples of the anticipated pavemenL subgrade soils. These test
results, which were USed in Our pavement section analyses, are
presented on Plates No. A5 and A6.

I



I

to

b

p

Page 4A
LGIWFIY A AEiSTCICIATEEI

A selected eample of the surface soil was subjected to a
ccmpaction test (ASTI'{ DL557-78) to determine the dry unit
weigtrt-moisture content interrelationships of the material.
The results of this test are shown in the form of a curve on
Plate No. A6.

LCffRY & associates
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serpentinite

SAIPLE CO|OIIION: Undisturbed, saturated
TYPE oF rEST: SIow (strain rate: 0.0075 in/min)

TRIAXIAL COTIPRESSION TEST
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WOLF CREEK INDUSTRIAL PARK
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WOI.F CREEK INDUSTRIAL PARK
Idaho-Maryland Road

Grass VaIley, California
L&aNo.B5-51O

RESISTANCE VALUE TEST
( catifo rnia Tesr t"lethod No. 30I-c)

Soil Description:

Sample No.:

Depth:

Green-br o,vrn we athe red
s erPentinite

a2

3' 5'

e cirnen
No.

Dry Unit
We ight
(pcf)

Compaction
l'loisture

G)

Exudati-on
Pressure

si)
168

336

52A

Resistance
'rR" ) Value

I1

19

3I

& (psf )

48

r00

260

Expansion Pressure
(diaI

reading )

1

2

3

92

96

100

29.O

27 .5

26.O

11

23

60

Design "T.I. " Least Equilibrium ,Rrr Value

4.5 L7

6.5 L7

PLATE NO. A4
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WOLE CREEK INDUSTRIAL PARK
Idaho-Maryland Road

Grass Valley, California
L&aNo.85-510

RESISTAIICE VALUE TEST
(California Test Method No. 30I-G)

Soil Description: Wtrite and red-broqrn mottled
we athered serpentinj.te

Sample No.: T4

Depth: 3' - 6'

b"pecimen
No.

Dry Unit
Weight
( pcf)

Compaction
lloisture

(8)

Exudation
Pressure
(psi)

(diaI
reading)

Resistance
( "R" ) VaIue

Expansion Pressure

I
2

3

LL2

1r3

rt5

18. 1

L7.L

L5.2

L52

280

520

50

65

110

g (Psf )

2L6

28L

476

51

58

54

R Value at 30O psi exudation pressure = 59

Design "T.I. " Least Equilibrium rrR'r Value

4.5 t9

to
I

6.5 35

PLATE NO. A5
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APPENDIX B

GUIDE SPECIFICATIONS - EARTHWORK
WOLF CREEK INDUSTRIAL PARK

Idaho-tlarYland Road
Grass Valley, California

L&aNo.85-510

SECTION 2A, - EARTHIIORK

PART 1: GENERAL

I.1 SCOPE

a. General DescriPtion

This item shall include all clearing and grubbing,
preparation of land to be filled, filling,
sprLading, ccmpaction, observation and testing of
the fill, and aII subsidiary work necessary to
ccnrplete the grading of the building and pavement
arels to conform with the lines, grades and slopes
as shown on the accePted Drawings.

b. Related Work Specified Elsewhere

(I) Trenching and backfilling for sanitary sewer
system: Section

(2) Trenching and backfilling for storm sewer
system: Section

(3) Trenching and backfilling for underground
water, telephone, natural 9as, and electrical
s uppl ies : Se ction

L.2 PROTECTION

Adequate protection measures shall be provided to
profect workmen and passers-by the site. Streets and
iaiacent property shall be fully protected throughout
the operations.

a
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b In accordance with generally accepted constructj-on
practices, the Contractor shall be solely and
ccrnpletely responsible for working conditions at the
job site, including safety of all persons and
property during performance of the work. Ittis
requirement shall apply continuously and not be
limited to normal working hours.

c Any construction review of the Contractor's perform-
ance conducted by the Soil Engineer is not intended
to include review of the adequacy of the Contractor's
safety measures, in, OII, or near the ConstructiOn Site.

Adjacent streets and sidewalks shall be kept free
of mud, dirt or similar nuisances resulting frqn
earttrwork operations.

Provide for surface drainage during the period of
construction in a manner to avoid creating a
nuisance to adjacent areas.

Water as required to suppress dust nuisance.

existing trees and shrubs vttich areCarefulIy protect
to remain.

I.3 FOUNDATION REPORT

d. A Foundation Engineering Report (L & a No. 85-510
dated December L9, 1985) tras been prepared for this
site by L@IRY & associates, Sacramento, california
t (9f6) 929-9OLZ). A copy is available for review
at the Civil Engineer's office or at LOWRY &
a ssociates' of fi ce .

The information contained in this report was
obtained for design purPoses only. The Contractor
is responsible for any conclusions he may draw frsn
this report; should he prefer not to assume such
risk, he is under obligation to employ his oitlen

experts to analyze available information and/or
to make addj-tional borings uPon wtrich t'o base his
conclusions, aII at no cost to the Owner.

I.4 EXISTING SITE CONDITIONS

The Contractor shalI acquaint himself with all site
conditions. If unqhown active utilities are encountered

d
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during the work, the Ardritect shall be pronptly
notified for instructions. Failure to notify wilI make
the Contractor liable for damage to these utilities
arising frcm Contractor's operatj.ons subsequent to his
discovery of such unshovrn utilities.

1. 5 SEASONAL LIIqITS

F.ill material shall not be placed, spread or ro1led during
unfavorable weather conditi-ons. When the work is
interrupted by heavy rains or snorr,rfall, fill operations
shall not be resumed until field tests indicate that the
moisture contents of the subgrade and fifl materials are
satisfactory.

PART 2z PRODUCTS

2.L MATERIALS

AtI fill shall be of approved local materials from
required excavations, supplemented by imported fill,
if necessary. Approved local materials are defined
as local soils and crushed or broken bedrock free
frcrn rubble, rubbish and vegetation, tested and
approved by the Soil Engineer prior to use. Clods,
rocks or hard lumps exceeding four inches (4") in
final size shall not be allotred in the uppermost
three fet (3' ) of any fiII supporting pavements and
buildings . No rocks exceedj-ng sixty inches ( 60" )
in maximum size shall be used in constructing
embankments. Frozen soils shall not' be used in any
part of the earthwork.

Imported fill materials shall meet the above
requirements, shall have a plasticity index not
exceeding twelve (12), sha1l have an expansion
index not exceeding twenty (20), and shall be of
four-inch (4") maximum ?article size.

WaII badcfill materials shall consist of approved,
imported, nonexpansive materials.

Capillary break material under floor slabs shall
be provided to the thickness shown on the Drawings.
This material shall be clean gravel or crushed
rock of one-inch (I") maximum size, with no
material passing a Number four (*+1 sieve.

a

b
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PART 3: EXECUTION

3. 1 I,AYOUT AND PREPARATION

Lay out aII work, establish grades, Iocate existing
underground utilities, set markers and stakes, set up
and maintai-n barricades and protecti-on of utilities;
all prior to beginning actual earthwork operations.

3.2 CLEARING, GRUBBING A}iD PREPARING BUILDING PAD ATiID

PAVEMENT AREAS

a AII vegetation; rubble; rubbish; exi.sting mine
tailings and rock fragments exceeding four inches
(4") in final sLzei loose existing fiII and other
loose and/or saturated materials; dorned tj-mber,
brush, stumps and root systems of removed trees
wj,thin two feet (2'I of original or final grade
(whichever is lcnrer); underground utilities within
two feet (2' ) of original or final grade (whichever
is loper); and any existing concrete slabs and
foundations shall be removed and disposed of so as
to leave the areas that have been disturbed with a
neat and finished appearance, free from'unsightly
debris.'If they extena belon planned finished
subgrade level, €xcavations and depressions
resulting frcrn the removal of the foregoing items,
as well as any existing excavations or loose soil
deposits as determined by the Soil Engineer or his
representatj-ve, shall be cleaned out to firm,
undisturbed soil or weathered bedrock (whichever is
higher) and backfilled with suitable materials in
accordance with these specifications.

AII subgrades upon lrtrich fill is to be placed shall
be evaluated by the Soil Engineer or his
representative to determine the presence of
springs, marshy areas or other high ground water
conditions. If evidence of seepage is confirmed by
the Engi-neering Geologist, he shall issue
subdrainage reccmmendatj,ons, which shall be
implenrented prior to the construction of any
engineered filI in the affected areas.

SoiI surfaces upon which filf is to be placed, BS
well as subgrades of the building pad and pavement
areas left at existing grade, shall be plowed or
scarified to a depth of six inches (5"), or to the

b
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underlying bedrocl< surface (whichever is higher)
until the surface is free frcrn ruts, hummocks or
ottrer uneven features r,hich would tend to prevent
uniform c€mpaction by the equipment to be used.

After the foundation for the fill has been cleared,
plcwed t ot scarified, it shall be disced or bladed
until uniform and free frcm large clods. The
foundation for fiII shall then be brought. to the
proper moisture content, €rs specified below.

When the moisture content of the subgrade is less
than the optimum moisture content, water shall be
added until the proper moisture content is
a chieved.

When the moj-sture content of the subgrade is too high
to permit the specified degree of comPaction to be
adrieved, the subgrade shall be aerated by blading
or other methods until the moisture content is
satisfactory for ccmpaction, but not less than the
optimum moisture content.

Ttre foundation for fill shall be comPacted while at
the prq)er moisture content to at least ninety-five
percent (958) of the maximum dry density as determined
by ASTM Specification DI557-78.

Exposed rocl< subgrades shall be cleaned of aII rock
fragments over four inches (4") in largest
dimension, but shall otherwise be left undisturbed.

3.3 PLACING, SPREADING AND COMPACTING FILL MATERIAL

a The selected fiII material shall be placed in layers
which when ccrnpacted shall not exceed six inches
(6") in thickness. Each Iayer shall be spread
evenly and shall be thoroughly mixed during the
spreading to prcrnote uniformity of material in
each layer.

When the moisture content of the fill material is
less than three percent (38) c,ver the optimum
moisture content, water shall be added until the
proper moisture content is achj-eved.

d
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moisture content of the fill material is
to permit the specified degree of

c



Page 6B

e

g

ccmpaction to be achieved, the filI material
shall be aerated by blading or other methods
the moisture content is satisfactory for
ccmpaction, but not less than three percent
over the optimum moisture content.
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until
(3r)

Rod< fragments larger than four i.nches (4") but
less than thirty-six inches (36") in maximum size
shall be thoroughly blended so as to prornote a
uniformly graded moisture that is free of
significant voids or concentrations of larger rock
fragments. Boulders thirty-six inches (36") or
larger in maximum dimension and rrtrj.ch are to be
used in engineered fill embankments shall be placed
in staggered rctors, directly on the subgrade and
parallel to the embankment toe line such that the
center-to-center spacing between individual
botrlders shalt not be less than three (3) diameters
as governed by the larger of any two (2) adjacent
boulders. Interstitial filI shall consist of
approved soils havi.ng a particle size not exceeding
four inches (4").

After each layer has been placed, mixed and
spread evenly, it shall be thoroughly ccmpacted to
not less than ninety-five percent (95t) of maximum
dry density as determined by ASTI'{ Specification
Df557-78. Compaction shall be undertaken wj.th
equipment capable of achieving the specified density
and shall be acccrnplished while the fill material is
at the required moisture content. Each layer shall
be ccrnpacted over its entire area until the desired
density has been obtained.

WatI badcfill shall be placed and canpacted as fill in
accordance with these specificatlons. The filI shall
be ccmpacted to at least ninety percent (90t), with
the exception of the upper twelve inches (I2") of
fill vtrich shall be ccmpacted t.o at least ninety-five
percenr (95t).

The filling operation shall be continued until the
fiII has been brought to the finished slopes and
grades as shown on the accepted Drawings.

3.4 BENCHING AND KEYING

d

f

Where the slope of
inclination of six

the natural ground exceeds an
horizontal to one vertical
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(6:1), benches shal1 be cut into the hillside as
the filling operations proceed. Each bench shall
be a level terrace at least eight feet (8') wide,
and the rise to the next bench shall not exceed
four feet (4' ).
Where the slope of the natural ground exceeds an
inclination of four horizontal to one vertical
(4:1), a keyway shall be provided in addition to
the benches. Ttre keyway shall consi"st of a leve1
trench at least four feet (4' ) wide and at least
three feet (3' ) deep, cut into the original ground
at the toeline of the embankment. Keyway
sideslqpes shall not exceed one horizontal to one
vertical (f: f; .

3.5 FINAL SUBGRADE PREPAF.ATION

cl Ttre upper six inches (6") of all final building pad
subgrades and the upper six inches (6") of all
final subgrades supporting pavement sections shall
be brought to at least the opti-mum moisture content
and shal-I be uniformly ccmpacted to not Iess than
ninety-five percent (958) of ASTM Specificarion
DI557-78 maximum dry densitf, regardless of wtrether
final subgrade elevation is attained by filling or
excavatJ-on, or is left at existing grade.

Where required, building pad and exterior flatwork
subgrades shall be saturated to a depth of not less
than twelve inches (12"). The moisture content of
the sattrrated zone shall be determined by the Soil
Engineer or his representative, after the building
pads and flatwork subgrades to be saturated have
been brought to final elevation. Saturation shall
be maintained until and immediately prior to
placement of floor slab concrete.

3.5 TESTING AND OBSERVATION

AII grading operations shall be tested and
observed by the Soil Engineer, who is serving
as the representative of the Or*ner.

Field density tests shall be made by the Soil
Engineer or his representative after ccmpaction
of each layer of fiII. Where compaction equipment
has disturbed the surface to a depth of several

b
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inches, density tests shall be taken in the
ccrnpacted material belcnv the disturbed surface'
edditional layers of the fill shalt not be spread
until the field density tests indicate that the
specified density has been obtained.

Earthwork shall not be performed without the
physical presence or appro:ral of the soil Engineer.
fuie Contractor shall notify the So11 Engineer at
Ieast two (2\ working days prior to csnmencement
of any aspect of the site earthwork'

If moisture conditioning of building pads and
exterior flatwork is required, the subgrade
moisture contents shall be field-checked by the
soil Engineer or his representative not more than
twenty-iour (24) hours prior to placement of slab
concrete.

If the Contractor should fail to meet the technical
or design requirements embodied in this document and
on the applicable plans, tre shall make the necessary
readjustmlnts unril aII work is deemed satisfactory
as determined by the soil Engineer and the Architect/
Engineer. No deviation from the specifications shall
be made excePt uPon written approval of the Soil
Engineer or Ar chitect/Engineer.
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APPENDIX C

GUIDE SPECIFICATIONS - PIERS
WOI.F CREEK INDUSTRIAL PARK

Idaho-Maryland Road
Grass Valley, Californj.a

L&aNo.85-510

SECTION 28 - CAST-IN-PLACE CONCRETE PIERS

PART 1: GENERAL

1.1 SCOPE

Furnish all pIant, Iabor, equipment, appliances and
materials, and perform a1I operations in connection with
the installation of cast-in-p1ace piers ccrnpleted, in
accordance w'ith these specifications and the applicable
Drawings, and subject to the terms and conditions of the
contract.

L.2 QUALIFICATIONS

All piers strall be installed by a Foundation Contractor
qualified to install the type of pier to be constructed
in accordance with the Drawings and Specificatlons, and
under conditions existing at the site. The minimum
requirements for qualj-fications shall be five (5) years
experience and evidence of satisfactory conpletion of pier
installations ccrnparable in scope to the work specified
hereunder and the subsurface conditions anticipated at
this site.

1.3 PROTECTION

a Adequate protection measures shall be provided to
protect workmen and passers-by the site. Streets and
adjacent property shalI be fully protected throughout
the operations.

In accordance with generally accepted construction
practices, the Contractor shall be solely and completely
responsible for working conditions at the job site,
including safety of all persons and property during

b

p



I

Page 2C

c

d.

e

Any construction review of the Contractor's performance
conducted by the SoiI Engineer is not intended to
include review of the adequacy of the Contract'or's
Safety measures, in, OfIr Or near the ConstructiOn site.

performance
continuously
hour s.

Adjacent streets and
mud, dirt, or similar
drilling cperations.
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of the work. Tkris requirement shall apPly
and not be limited to normal working

sidewalks shall be kePt free of
nuisances resulting from Pier

o

Provide for surface drainage during the period of
construction in a manner to avoid creating a nuisance
to adjacent areas. Keep all surface excavations
free of water during the entire Progress of the work,
regardless of ttre cause, source or nature of the
water.

Stored materials and construction equipment shall be
be kept at least ten feet (10') away frorn the vertical
axis of a1I open drilled pier shafts, ot all times.

g. Water as required to suPPress dust nuisance'

f

h Work shall- ccnrply with all Municipal,
Federal regulations regarding safety,
requirements of ttre WiIliams-Steiger
Safety and Health Act of f970.

State, and
including the

Occupati,onaI

L,4 FOUNDATION REPORT

A Foundation Engineering Report (L & a No. 85-510;
dated December 19, 1985) of this site has been
prepared by LO!{RY & associates, Sacramento,
California [ (9f 6) 929-9OL2). A copy is avaj-]able
for review at the Civil Englneer's office or at
LOV{RY & associates' of fice.

b ftre j-nformation contained in this rePort was obtained
for design PurPoses only. The Contractor is
responsible for any conclusions he may draw from this
report; should he prefer not to assume suctt risk, he
is under obligation to employ his own exPerts to
analyze avaj-lable information and/or to make additional
borings upon wtrich to base his conclusi-ons, aII at no
no cost to the owner.

a.
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1.5 EXISTING SITE CONDITIONS

The Contractor shall acquaint himself with all si.te
conditions. If unshotgn active utilities are encountered
during the work, the Architect shall be PrGtPtIy notified
for instructions. Failure to notify will make the
Contractor liable for damage to these utilities arising
frcnr Contractor's oPerations subsequent to his discovery
of such unshourn utilities.

PART 2r PRODUCTS

2.L MATERIALS

a Reinforcing steel shall be as specified in Section
. Ttre reinforcing steel cage shall be

assembled, includ ing centering guj-des, ds shown on the
Drawings and approved by the Engineer or his
representati.ve in sufficient time prior to ccntpletion
of drilling operations to permit the assembled cage
to be inserted in the ccmpleted drill hole without
delay

b. Concrete shall be as specified in Section fhe
Contractor shall make provisions for a supply of
concrete that is adequate to complete placement of
any given pier in one (I) continuous, uninterruPted
operations, so as to form a monolithic concrete
structural element.

2.2 EQUIPMENT, TOOLS AND LABOR

a fhe Poundation Contractor stralI provide a ccrnbination
of power-driven rotary type rig, bits and/or augers,
belling tools and casing of a size and type to drill
pier holes to the dimensions shown on the plans and in
materials ccrnmonly encountered in filIs and natural
soils of the type existing at this site.

b All other materials, Iabor, tools and equipment
necessary for the constructj-on of any given pier
one (1) continuous operation, shall be furnished
installed by the Contractor.

l-n
and

I



I

Page 4C Lcl\^,FIY A ASsiclCIATES

PART 3: EXECUTION

3.1 LAYOUT AND PREPARATION

Lay out all work, establish grades, locate existing under-
ground utilities, set markers and stakes, set up and
maintain barricades and protection of utilities; aII prior
to beginning actual earthwork oPerations.

3,2 TOLERANCES

Pier drilling equi;rment shall be positioned so that the
center of any pier as drilled shall be not more than three
inches (3") frcrn the required location, and no pier shall
be out of plumb more than two percent (2t) as measured
over the total length of the shaft. Drilled shaft
diameter shall be not more than one inch (1") under
specified si-ze. The top elevation of the pier stem shall
be not greater than one inch (1") abover Do more than
three inches (3") belciur the elevation(s) shown on
Drawings. If these tolerances are exceeded, additional
construction, as required by the Engineer, shall be
provided without additional cost.

3.3 DATA REPORTS

a. Each drilted shaft shall be logged by the Contractor.
The records shall contain the following j-nformation:

Identification mark
Shaft diameter
Ground elevation
Top elevation of shaft
Bottcrn elevati.on of shaft
Number designation of shaft
Reinforcing steel length
Casing (if any)
Concrete quality

I
2
3
4
5
6
7
I
9

)
)
)

)
)
)
)
)
)

At
be

3.4 PIER DRILLING

b the end of each day, copies of ccrnpleted logs shall
submitted to the Orrner's representative.

Pier drilling operations shalI be prosecuted by dry
drilling methods. Helical or bucket auger drilling
sha1l be used to advance the pilot and stems of the
piers.

I
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Temporary
drilIing,
Engi neer.

casing may be installed
subject to the approval

to
of

facilitate
the Soils

Entry of pier shaft excavations by the Contractor's
personnel to prepare the bearing surface is subject
to the governmental safety regulations previously
specified and shall not be performed in uncased or
i.nadequately cased excavations nor in excavations
that have not been tested for the presence of methane
or other toxic gases.

Every pier excavation shall be inspected for
cleanliness and acceptability of bearing materials
by the Soil Engineer or his representative. AlI soil
bearing surfaces shall be thoroughly cleaned by
mechanical devices or hand labor, if required.
Suitable access and lighting for proper inspection
of ccnpleted pier excavations shall be provided by
the Contractor. Concrete and reinforcing steel shall
not be placed in any pier excavation until the SoiI
Engineer or his representative has given express
approval of the suitability of foundation soils
exposed at the base of the pier excavations, of the
degree of cleanliness of the bearing surfaces, and of
the suitability of the pier excavations.

e. No pier excavation shall be permitted to stand open
for more than four (4) hours after conpletion.

3. 5 REINFORCING STEEL PLACETJIENT

Upon ccrnpletion of drilling, the reinforcing steel cage
shall be positioned in the pier shaft as shown on the
Drawings and shall be suspended above the bottom of
excavation before any concrete is placed 1n the shaft.
In the event that difficulties are encountered in
positioning the reinforcing steel cage, or if it cannot
be freely rotated (prior to suspension) indicating cavi-ng
of the excavation sides, the cage shall be removed and
the hole reamed sufficiently to permit the final positioning
of the cage w'ithout difficulty. The top of the cage shall
be braced or supported to assure that. it remains
concentrically aligned in the shaft excavation during
placement of concrete.

3. 6 CONCRETE PLACEI{ENT

c

d

Concrete shall be deposited by use of an elephant trunk
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or other approved device utren the free fall is in excess
of five feet (5'). Concrete shall be vibrated during
placement cperations so as to provide a dense, monolithic
concrete section throughout the fulI length and diameter
of the pier. During and after the vibrating operation,
the top of the freshly placed concrete shall be observed
to see that it remains constant and that there is no
appreciable drop in elevation that would signify loss of
concrete through hidden voids.

3.7 TESTING

If the Soil Engineer has reason to suspect. that any pier
may contain extraneous material or otherwise fail to
meet specifications, he may order testing of the pier
by coring or other methods. The Contractor shall bear
the expense of the investigation and/or testing and shall
also at no cost to the Orrner, install proper addj-tional
construction as required by the Engineer.

3.8 CLEANUP

The Contractor at all times shall keep the area adjacent
to pier drilling operations free of atcumulations of
excavated material and/or rubbish and trash caused by his
emplqfees or work. At the ccnrpletion of work, he shall
remove all excavated materials, trash, and rubbish from
and about the area of the premises and aII his tools,
scaffolding, and surplus materials, and shall leave the
site with a clean finished appearance.

3.9 CHANGES OR SUBSTITUTIONS

No changes in any material or equipment or methd of
installation, deviation frcnr Drawings or Specifications,
will be permi.tted without written approval of the
Engineer or his representative.

LC&{RY & associates
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APPENDIX A

GENERAL INFORMATION

A seotedrnical investiqation for the Wtrispering Pines
Assessment Distriet roadway improvements was authorized by
Ken Baker of Nevada City Engineering, Inc., on February 4,
1986, by subscription to and execaltion of LOVTRY & assoeiates'
proposal letter and eontraet for geotechnical services, dated
Januarlz 31, 1986.

The locations of
e ntitl ed:

our test borings are refereneed to doc-uments

"IUPRO\IEMETIT PLANS FOR IDAHO.},IARYLAND ROAD,
STA. 27+00 to 34+O0r STA. 37+0O to 47+69.9
8.C." (scales: l"=40'horiz., 1'+8' vert.;
dated Jan-86);

"IMpRO\EMEtilI PLANS FOR BRUNSWICK ROAD, STA.
6O+00 to R3+5O.04" (scales: 1"=4O' horiz.,
1"=8' vert.i dated Jan-86);
,,TMPRO\/EMEIVT PLANS FOR WESTERN ACCESS ROAD,
STA. 1O+08.16 to 18+O2.65" (scales: l"=40i
horiz., 1"=8' vert. i dated .ran-86) ;

" IMPRO\TEMEIUT PLANS FOR WHISPERING PINES ROAD,
STA. 10+OO to 51+69.43" (scales: I"=40'
horiz. , 1 "=8" vert. , dated Jan-86) ;

"IMPRO\IEMEMr PLANS FOR CROI,{II poltm ROAD, STA..
0+OO to 45+4C.09 & CRABTREE CT., STA. 0+00 to
4+50" (scales: 1"=4O' horiz., 1"=8' vert.,
daterl Jan-86'l .

Borinq locations are to he eonsidered approximate only.
Borinq elevations were determined bv interpolation between
nearest adiacent qround surface eontours slrown on the
ahove-eite.l doctrments and are also to be considered
appr oximate onl1r.

Site eonditions and eultural features described in the text
of this reoort are those existing at the time of our field
reconnaissance and exploration, Fehruary 5 through 11, 1985,
and nay not necessarily be representative of sueh conditions
or features at other locations and times.

T
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FIELD EXPLORATION

Field exploration ineruded the drilting of 29 borings at theloeations shown on the Boring Logs, plates No. I through 14.
Tbe bori.ngs rr/ere advanced with 4-L/z-inch dj-ameter continuous
flight helical augers powered by a CME-55 truek-mounted rtrill
rig. At various intervals, relativety undisturbecl samples ofsoil and rod< $rere reecxrered frcm the borings by means of a
2-L/2-inch o.D. -2-ind'r r.D. carifornia-type sampler wtrieh wasdriven with a l4o-pound hammer freely farring 30 inches. The
number of blcrrs of the hammer required to drive the 24-inch
long sa:npler each 6-inch interval was recorded, with the sum
of blovss required to drive the sampler the middle foot(6-inch to 1B-inch interval) of each drive denoted the
penetration resistanee or "blow eount'r for that particurar
drive.

The samples rrrere retained in 2-inch <iiameter by 6-inch long,
thin-wa1Ied brass tul:es contained within the sarnpler.
Immediately after recovery, the sarnoles were visually
classified and the ends of the brass tutres were sealed to
preserve the natural moisture content. selected sampres of
the anticipated pavenent strbgrade soirs were obtained in a
disturbed condition. All sampres were taken to the laboratory€or classiFication, with selected samples designated for
testinq.

The Boring
eneountered
a ccordanee
expl anation
appears on
a qraphical-
penetration
sampl ing.

Logs contain descriptions of the soils and rock
in each boring. The soils were classified in

with the Unified SoiI Ctassificarion Sysrem. .An
ot that system and other symbols userl on the 1ogs

Plate ![o. 15. In addition, the boring logs show
representation 6f the previously-defined
resistanee or "trlcrrr corlnt" otrtained durinq

LABORATORY TESTING

Selected, undisturbed samples of the soils were tested to
deterinine dry unj-t weight and naturar moisture eontent (ASTM
D22L6\. The results of these tests are posted on the boring
Ioqs at the depth frcrn which each sarnple was obtained.

The internar strength eharacteristics of the undisturhed
soils and weat'hererl rock \^rere evaluated by means of triaxial
eqnpression tests (ASTM D285O't conciuered at lateral or
confininq air pressures of 10 and 3O osiq. 'The results of
these test series are illustrate<l on Plates No. Al and A2.
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A seleeted sample of native soil was subjeeted to a
ecmpaction test (estpt DI557-78) to determine the dry unit
weight-moisture eontent interrelationships of the material.
The results of this test are shown in the form of a curve on
Plate No. A3.

A triaxial ecmpression test series (ASTM D2850) was condueted
on soil specimens remolded to 9O rrercent relative ccmpaction,
as determined by the latroratory ccrnpaction test. The results
of these tests are depictetil on Plate No. A4.

Resistance ("Ru) value tests (CTM 301G) were conducted on
selected samples of the anticipated pavement subgrade soils
and rnine tailings. These test results, which were used in our
pavement section analysesr oF€ presented on Plates No. A5
throucrh A15.

Selectedl trulk samples of the surfaee soils were sutrjeeted to
pH and resistivity tests (ctu 532) to er/aluate their
corrosion potential. fhese test results, try our affiliate,
Centurv Laboratories, Inc., are listed on Plate No. A16.

LOI{RY & assoeiates
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TEST DATA

MATERTAL DEscRrpnor: Red-orange clayey silt (CL-ML)

saxPLE coNolrloN: Undisturbed, saturated
TypE oF TEST: Slow, staged (strain rate = 0.007 in/min)

D I STRICT III{PROVEIvIENTS
Grass VaIIey, California

TRIAXIAL COMPRESSION TEST

l=ffi LCIV\,FIY B ABBC,CIATEE
EEC,TEtrH'UICAL ENqNE-Ft

PnoJGCT XO. g6-73

SAHPLE No

- @ we-r-:
; (10 psig

DRY OENSII Y
(LBS. / CU T I

99

NAIURAL f,OISIURE
CoNItNT (7ol

25.L

TESI UOISTURE
CONTENT (7ol

2s-4

OEGFEE OF
slluRATtOil lo/ol

@ we-r-t
(30 psis

99 25.L 25.4

6= 130
200 psf

lrrl rl,,,t rrrrlrrrt .t ll I ttll t ,, t I t rr r

D^rEr 2/96
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TEST OATA

UATERIaL DESCFIPIIONT Red-orange very clayey silt (l{H)

SAIPLE coHorrroN: Undisturbed, saturated
rypE oF TEST:SIow, staged (strain rate = 0.007 in/min)

DISTRICT IMPROVEII{ENTS
Grass Valley, California

TRIAXIAL COMPRESSION TEST

l=w LCIWEIY B ABBC,EIATEE
BEGITEtr}IhICAL ENENET

PioJtcT xo. g6-73DrrE: 2/Ae
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I,laterial: Brick red clayey silt (MH)

Type of Test: ASTM D1557-78 .Ail

l,laximum Dry Density (Lbs/Cu Ft) 2 96
Optimum Ivloisture Content (B) : 24.6

EclMFAGTTtrlN TEST

WHISPERING PINES ASSESSMENT
DISTRICT IT,IPROVEMENTS

Grass VaIIey, California Effi lrFItrtJECT Ntr!: 8 6-7 3

oATE 2/86

PLATE NO: A3



I IIIIIII TIIIII II

.or
D
m

z
9

P
F

5

4

E
oqt

la
zoF
I

F
I
oo
fr,c
tn

G

trJ
I
tn

3

2

t_

0 1 2 3 4 5 5 7 I 9

NORMAL STRESS . d. TONS / SO. FT.
WHISPERING PINES ASSESSMENTTEST DATA
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SATPLE CONOTITOt{: Remolded*, saturated
TvPE or TEST: Slow, drained (strain rate = 0.007 in/min)
't 90t relative compaction at optimum moisture content

DISTRICT IMPROVE!,IENTS
Grass Valley, California

TRIAXIAL COMPRESSION TEST

l=w LCII^,FIY B ASBC,CIATEE
BEC,TEGHhIGAL EhMCE]!

PioJ€cT xo. g6-73

- SATPLE No

@ ce-s,
: (10 psig)

1

DRY OENSITY
(LBs. / cu. rr I

b'-3' 87

}IATURAL HOISTURE
CONIENT lo/ol

25.L

TEST HOISIURE
coNrEHT (o/ol

32.0

OEGNEE OF
SITURATtOlit (o/ol

70 ce-s,
: (20 Psig)

L

@ ce-s, r.

: (30 Psig)

l'-3'

l'-3'

86

86

25.2

25 -3

32.2

31.6

6=2L
c=20

o

0 Psf

rrrlr lr,, r I ltt trttlrnr ,, t,lt,, Ittl I tlll t r, tlr r,,
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WHISPERING PINES ASSESSI'{ENT
DISTRICT IMPRO\TEMEMS

Idaho-Maryland Road at Brunswick Road
Grass Va1ley, California

L&aNo.A6-73

RESISf,ANCE VALUE TEST
(California Test Method No. 301-G)

Soil Description:

Boring No.:

Depth: 3'

Yellor-brovrn cl.ayey silt
(weathered rock)

It4-l (taano-l,Iaryland Road)

5-t /2'

e eimen
No.

Dry Unit
I{e iqht
(pcf)

Compaction
tloisture

(r)
Exudati on
Pressure
(psi) g (psf )

55

368

554

Re sistance
( "R" ) Value

34

5B

64

Expansion Pressure
( aiar

reading)

1

2

3

100

101

LO2

23.6

22. O

20.3

De sign
lla ? ll

L rI r

152

256

520

l5

85

128

L,east Equilibrium
rrRtr Value

trR'r value at 30O psi exudation pressure = 59

p
9.5 43

PLATE NO. A5
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WHISPERING PINES ASSESSMEIIT
DISTRICT IMPRO\TEMEIITS

Idaho-Maryland Road at Brunswick Road
Grass Va1ley, California

L&aNo.86-73

RESISTANCE VALUE TEST
( Calif ornia Test Metho<l No. 3O1-G)

Soil Description: Yellcw-brown clayey
s ilt

Boring No.: CN-2 (Cenrennial Way)

Depth: 9' l3-L/2'

e eimen
No.

Dry tJnit
IVeiqht
( pcf)

Compaction
Moisture

(t
Exudati.on
Pressure
(psi )

( dial
reading) g (psf )

Re si stanee
( "R" ) value

Exrransion Pressure

I

2

3

IOc

114

1r8

20. L

18.6

17. O

De siqn
t'T.I.t'

8.5

L92

3s2

446

35

90

160

108

390

693

I9

35

8

rrRrr value at 30C osi exudation pressure = I5

Least Equilibrium,Rrr Value

14

t
I

PLATE NO. A6
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WHISPERING PINES ASSESSMETIT
D ISTRICT II,IPRO\TEMEM S

Idaho-Maryland Road at Brunswick Road
Grass \/a11eY, California

L&aNo.85-73

RESISTANCE VALUE TEST
(california Test Method No. 3o1-G)

Soil Description: Light olive-gray silt
Boring No.: WP-l (Wtrispering Pines Road)

Depth z L2' - 16-! /2'

Spe eimen
No.

Dry Unit
sleiqht
( pcf

Compaction
Moisture

(*)
Exudation
Pressure
(psi)

( dial.
reading)

Re si stance
( "R" ) Value

16

46

36

! (psf )

108

303

585

Expansion Pressure

I

2

3

L26

L29

130

13.6

t2.3

II. O

De sign
"T.r."

7.5

184

280

480

25

1O

135

'R' value at 30O r:si exudation pressure = 47

Least Equilibrium
trRr' Value

26

p
PLATE NO. A7
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WHISPERING PINES ASSESSMEIIT
D ISTRICT II.,IPRO\TEMEIilTS

Idaho-Maryland Roari at Brunswick Road
Grass VaIley, California

L&aNo.A6-73

RESISTANCE VALUE TEST

Soil Description: Yellcnr-brcr^rn fine to
coarse sandy silt

Boring No.: WP-3 ( Whispering Pines Road)

Depthz l/2' - 3'

e eimen
No.

Dry Unit
Weight
( pcf)

Compa ction
Moisture

(r)
ExuCation
Pressure
(psi)

Expansion Pressure
( dial

reading)
Re sistance
"R" ) Value

2A

40

7t

I

2

3

120

t22

L22

13.8

2.5

10. R

De sign
tlm ? lll. .l-.

t76

280 15

576 26

Least Equilibrium
,rRr, VaIue

0

g (psf )

o

65

113

rrRn value at 300 psi exudation pressure = 43

p
7.5 43

PLATE NO. A8
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WHISPERING PINES ASSESSMEITT
DISTRICT IMPROVEMENTS

Idaho-Maryland Road at Brunswick Road
Grass Va1ley, California

L&aNo.86-13

RESISTAIiICE VALUE TEST

Soil Description: Red-brourn to olive
c1-ayey silt

Boring No.: WP-6 ('dhispering Pines Road)

Depth: 2' 3-L /2'

pe cimen
No.

Dry Unit
Weiqht
( pcf)

Compacti-on
Moisture

G)

Exudation
Pressure
(psi)

Re sistance
( "R" ) Va1ue

1t

15

g (Psf )

346

381

563

Expansion Pressurer
reading)

I

2

3

87

LO2

106

2so

De siq n
llm ? ll

t oI o

t76

352

624

80

q8

130

5

22.5

20. o

rrR'r value at 300 psi exudation pressure = 10

Least Equilibrium
'R' Value

56.O

PLATE NO. A9
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WHISPERING PINES ASSESSMEM
DISTRICT IMPROVEMEITTS

Idaho-Maryland Road at Brunswick Road
Grass Valley, California

L&aNo.A6-13

RESISTANCE VALUE TEST
(California Test Method No. 30I-G)

Soil Deseription: Red-hrovrn clayey rine
to eoarse sandy silt

Boring No.: WP-8 (Wnispering Pines Road)

Depth. l--L /2' 3'

pe el-men
No.

Dry Unit
We ight
(pcf)

Compa ction
Moisture

(B)

Exudati on
Pressure
(psi) rea<1ing)

Re sistance
( nRr' ) varue

10

L4

2r

! (psf)

95

r52

207

Ex ansion Pressure
d aI

I

2

3

105

110

111

20. 4

18. 3

r7,3

De signttT.r.*

6.0

t92

344

640

22

3s

48

,Rrr value at 300 rlsi exudation Dressure = L2

Least Equilibrium
rrRr! VaIue

L2

PLATE I.1O. AlO
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WIIISPERING PINES ASSESSMENI
DISTRICT IMPROVEMENTS

Irlaho-!4aryland Road at Brunswick Road
Grass VaI 1ey, California

L&aNo.A6-73

RESI TANCE VALUE TEST
(California Test Method No. 30I-G)

SoiI Description: Red-orange silty elay

Boring No.: ec-l (Cambridge Court)

Depth z L-L /2' 3'

Dry Unit
We i.rht
(pcf)

Compactlon
Moisture

(r)
Exudation
Pressure
(psi)

Expansion Preseure
ne eimen
No.

(dial
reading) g (Psf )

Resistanee
( "R" ) value

I

2

q5. 5

97

29. s 240 r80

200

780 2L

2't.o 480 LL26 24

rrRrr value at 300 psi exudation pressure < 5

De siqn
ttT.I.t'

Least Equilibrium
trRrr Value

5

lo

5.0

PLATE NO. A11
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WHISPERING PINES ASSESSMETiIT
DISTRICT IMPROVE}4EI{TS

Idaho-Maryland Road at Brunswick Road
Grass VaIley, California

L&aNo.A6-13

RESISTANCE VALUE TES'T
(California Test Method No. 3OI-c)

Soil Description: Red very clayey silt

Boring No.: CP-3 (Crown Polnt Drive)

Depth 2 L-l- /2' 3'

pe e].men
No.

Dry Unit
We iqht
(pcf)

Compa cti on
Moisture

(8)

ExuCation
Pressure
(psi)

( dial
reading ) g (Psf )

Re sistance
( "R" ) Value

Expansion Pressure

I

2

3

86 32.1

3r. 0

29.9

De siqn
"T.I.t'

5.5

L76

272

512

25

30

38

108

130

r65

L2

18

26

88

89

rrR, value at 300 psi exudati-on pressure = 19

Least Equilibrium
'R n Value

19

p
PLATE NO. A12
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WH ISPERING PINES ASSESSMEITT
D ISTRICT IMPROVEMEI{M S

Idaho-Maryland Road at Brunswick Road
Grass Valley, California

L&aNo.A6-73

RESISTANCE VALT'E TEST
(ealifornia Test Method No. 3O1-G)

Soil Deseription: Red very elayey
silt

Boring No.: CP-6 (Cror'vn Point Drive)

Deoth: O 3'

to

p

Specimen
No.

Dry Unit
Weiqht
(pef )

( dial
reading)

o

g (psf )

0

o

0

Re si stanee
( "R" ) Value

10

Compaction
Moisture

(r)
Exudation
Pressure
(psi)

Expansion Pressure

I
2

3

85

88

91

34.4

32. I

De sign
"T.I."

168 (,

295

29 .7 400

rrR'i value at 300 psi exudation pressure = I0

0

0

Least Equilibrium
"Rtt Value

15

5.5 10

PLATE NO. A13



LC,WFIY B ASSGICIATESi

WHISPERING PINES ASSESSMENT
DISTRICT IMPROVEME}ilTS

Idaho-Maryland Road at Brunswick Road
Grass Va1ley, California

L&aNo.A6-73

RESISTANCE VALUE TEST
(California Test Method No. 3OI-c)

SoiI Description: Yellcur-brown elayey
silt pulverized rock

Borinq No.: BR-2 (Brunswick Road)

Depth: 8' 2B'

e eimen
No.

Dry Unit
We iqht
( pcf)

Compa cti on
Moisture

(t)
Exud ati on
Pressure
lpsi )

( dial
reading) g (Psf )

Re sistance
( "R" ) varue

Expansion Pressure

1

2

3

97

to2

105

26. ()

24.4

22.3

De siqnttT.r.'

t28

248

25 108

75 2L5

-tL4

to

29

6

rrRrr value at 30O psi exudation pressure = L7

360 165

Least Equilibrium
ttRtt Value

9.O t1

PLATE NO. A14
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WHISPERING PINES ASSESSMENT
D ISTRICT IMPROVEME}ITS

Idaho-Maryland Road at Brunswiek Road
Grass Valley, California

L&aNo.A6-73

RESISTANCE VALUE TEST REPROPORTIONED)
rn a est t No.

Soil- Deseription: Grav-green silty fine to
coarse sandy rock to 9" -
Mine tailings

Boring No. : r,{P-4 and WP-6
(Wtrisoering Pines Road\

Depth: 0 24"

Soe cimen
No.

Dry Unit
Weight
( pcf)

Comoaction
Moisture

(r)
Exudat i on
Pressure

( psi
( dial

reading )

Resistance
( "R" ) Value

Expansion Pressure

I

(,

3

I

7

6

1

2

3

r33

L36

143

t16

328

464

rrRrr value at 3OO psi exudation pressure = 73

Least EquilibriumtrR, VaIue

g (psf)

9 70

2l 74

61 76

2

6

L4

De siqn
xT.I.rr

o5

I

73

PLATE NO. A15



I
I CE}.ITURY LABORATORIES, INC.

C H EM ISTR Y. G EOC H E tl r ST RY . N ET A L LU RG Y . lfi N E RA LOGY

2340 GOLD RIVER ROAD, SIIITE H
BANCHO CORDOVA, CALIFORNIA 95670

Phone (916) 688:1849

Lowry Associates
P.0. Box 13340
Sacrarnento, CA 95813

Your Ref:
Dace Rec'd:

Subject:

Date: 24th February 1986
Lab No: T- 1e2B

86-73; Req # 19OO
2/L6/86
2 samples soil for resistivity and pH

241 _1Zn Wp_t,

cP 7 0-19"

Resistivity
(ohm-cm

38,/,6L

5,556

pH

6.35

7.84

lo

p

Respect ful ly submitted,

{"Al ,'( a/-4^-&?
NICK A. HAMMADES, Director
NAH/kIe

Oun reports t Ietters apply only to sample(s) tested and are not necessarily indicative of other appanently

similar matenials. Samples not used up in testing 0 analysis are retained fon a maximum of 30 days uniess

specifically requested by customer otherrise,

PLATE NO. A16
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LCIWFIY El' ASSGICIATEST

GUIDE EARTTN{ORK SPECIEICATIONS
WHISPERING PINES ASSESSMEI{T DISTRICT

IMPROVEI4ENTS
Idaho-Maryland Road at Brunswick Roarl

Grass Valley, California
L&aNo.86-73

SECTION 2A - EARTHWORK

PART 1: GENERAL

1. 1 SCOPE

a. General Deseriotion

This item shall include all clearing and grubbing,
preparation o' land to be filled, fillinq,
spreaCing, ccmpaction, observation and testing of
the filI, and all sutrsidiary worl< necessary to
ecrnpl ete the orading or the pavement areas to
eonform with the linesr erades and slopes as shown
on the aecepted Drawings.

b. Related Work Scecified Elsewhere

(I) Trenchinq and baekfilling for sanitary sewer
system: Seetion

(Zt Trenchinq and backfilling for storm se\rer
system: Seetion

(lt Trenching and backfilling for underground
water, telephone, natural gas, and electrical
suopl-ies: Section

I.2 PROTECTION

a Adequate rrrotection measures shall tre provided to
protect workmen and passers-by the site. Streets and
adjaeent proDerty shall hre fully protected throughout
the operations.

In aecordanee with qenerally accepted construetion
praetiees, the Contraetor shall be solely and
ccmp-l-eteIy responsible for working eonditions at the

I

h
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job site, including safety of at1 persons and
property during performance of the work. fhis
requirement shalI apply continuously and not be
limited to normal working hours.

e. Any eonstruction review of the Contractor's perform-
ance eonducted by the Soil Engineer is not intended
to inelude review of the adequacry of the Contractor's
safety measures, in, onr or near the eonstruetion site.

Adjaeent streets and sidewalks shalI be kept free
of mud, dirt or similar nuisances resulting from
earthwork operations.

e Provide for surfaee drainage durinq the period of
construetion in a manner to avoid creating a
nuisanee to adjacent areas.

f- water as required to suopress dust nuisance.

I CarefulIy protect existing trees
to remain.

and shrubs which are

1. 3 GEOITECITNICAL REPORT

a A GeotechnicalReport (1, & a No. 86-73; dated
February 27, 1c86) has been orepared for this site
by LOUIRY & assoeiates, Sacramento, California
[(qfAl 929-9OL21. A copy is available for review
at the Architeet's office or at LowRY & associates'
offi ce.

fhe information eontained in this report was
obtained for desiqn purposes only. The Contractor
is responsitrle for any conclusions he may draw from
this report; should he prefer not to assume such
risk, he is under ohlioation to employ his ordn
experts to analyze available information and/or
to make additional rrorings upon r,ri'rich t-o hase his
eonclusions, all at no cost to the Otpner.

1.4 EXISTING SITE CONDITIONS

The Contractor shall acquaint himselr with aIl site
conditions. If unshown active utilities are encountered
durinq the work, the Architect shall be prcrnptly
notified for instruetions. Failure to notify wilI make
the eontraetor liable for damage to these utilities
arising frcrn Contraetor's operations subsequent to his
discovery of such unshown utilities.

d
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I.5 SEASONAL LIMITS

Fitl materj-al shall not be placed, spread or rolle<l during
unfavorable weather conditions. When the work is
interrupted by heavy rains or snovrfall, fill cperations
shall not be resumed until field tests indicate that the
rnoisture eontents of the subgrade and fill materials are
satisfactory.

PART 2z PRODUCIS

2.L MATERIALS

a AII fill shall he of approved loca1 materials frcnr
required exeavations. Approved local materials are
desined as local soils and mine tailings free of
rubble, rubbish, and veqetation. Soils to be
placed within two feet (2') of final pavemenr
subgrade level shall he free ol? rock frasments over
f our inches (4".| in maxi.mum size and belcx^, this
leveI, over six inehes (5") in maximum size. Local
mine tailings shall be free of trash, veqetation
and rod< fraoments over six inches (6') in maximum
size. A11 materials for use as engineered fill
shall t'e tested and approved try the Soil Engineer
prior to use. Clods, roeks or hard lumps exceeding
six inehes (6") in final size shall not be allovred
in the upper two feet (2') of any fill supporting
pavements. Mine tailings to be useC as roadway
base course materials shall be gradeC such that not
more than twenty-five percent (258) of fine
particles wiII pass a Number two-hundreC (#200)
mesh sieve. No ricks exeeeding sj-x feet (6') in
maximum size shall be used in constructing
embankments. Frozen soils shall not be used in any
part of the earthwork.

b. Structural backfill materials sha1l consist of
approved nonexpansive materials having a plasticity
inrlex not exeeedinq twelve (12), an expansion index
not exceeding twenty f 2O\, and a two-inch (2")
maximum partiele size.

p
t
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PART 3: EXECLTTION

3.1 LAYOUT AND PREPARATION

Lay out all work, establish grades, locate existing
underground utilities, set markers and stakes, set up
and maintain barrieades and proteetion of utilities;
all prior to beginning aetual earthwork operations.

3.2 CLEARING, GRUBBING AND PREPARING THE PAVEMENT AREAS

a AtI vegetation; rutrhlei rubbisht rock fraqments
exceeding six inctres (6") in final sizei loose
existing fills and other loose and/or saturated
materials; cicnrn timi:ert slash; brusht stumps and
root systems of removed trees within two feet (2')
of oriqinal or final qrade ($hichever is lcnrer);
and all existing struetures shall be remorred and
disposed of so as to leave the areas that have been
disturbed with a neat and finished appearance, free
frcrn unsiqhtly debris. If they extend belcrrr
pIanne,C finished qrade, €xcavations and depressions
resulting frcm the removal of such itemsr ES well
as any existing prospects or loose soil deposits as
determined try the Soil Engineer or his
representative, shall be eleaned out to firn,
undisturbed soil or rock (whj-chever is higher) and
backfillerl with suitable materials in accordance
with these specifications.

Mine shafts, if encountered during the course of
qradinq, shall be inspected by the Engineering
Geoloqist, rvho shall issue spe cial reeoTlmendations
for eorreetive treatment before any further orading
is undertaken in the area of discovery.

c SoiI surfaces upon whieh fill is to he placerir BS
well as suhqrades of the building pad an<1 pavement
areas left at existino qrade, shall be plovred or
scarified to a depth of six inches (6') or to the
unCerlying hedrock surface (unriehever is hioher),
until the surfaee is free of ,:uts, hummoeks or
other: uneven reat-ures w?rich would tend to prevent
uniform ecnpaction by the equipment to be used.

After the foundation for the fill has treen cleared,
plcrvued, or searified, it shall hre disced or bladed
until uniform and free of large clods. The

h
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foundation for fill shall then be brought to the
proper moisture content, ds specified belor*.

When the moisture content of the subgrade is belor^r
the optimum moisture eontent, water shall be added
until the proper moisture content is achieved.

When the moisture content of the subgrade is too high
to permit the specifierl degree of conpaction to be
actrieved, the subqrade shall be aerated by blading or
other methods unti} the moisture content is satisfaetory
for ecmpaction, but not less than the optimum moisture
content.

flre foundation for fill to w'ithin two feet (2') of
finished pavement subgrade level shall be ccmpacted
while at the proper moisture content to at least
ninety pereent (90t) of maximrrm dry density as
cietermined by ASTM Specification Dl557-78.

The foundation for fill within two feet (2' ) of
finished pavement srrbqrade leve1 shall be ccmpacted
while at, the proper moisture content to at least
ninety-five percent (95*) of maximum dry density as
determined by ASTM Specification Dl551-7A.

3.3 PLACING, SPREADING AND COIvIPACTING FILL MATERIAL

a Soil fill material shall be placed in layers which
when ccmpacted shall not exceed six inches (6") in
thickness. Each layer shal.l be spread evenly and
shall be thorouqhly mixed during the spreading to
prcrnote uniformity of material in each layer.

Itline tailings fitl materj-al shall be placed in
Iayers r,rtrich qi'ren ecmpacted shall not exceed twelve
inches (.12") in thiekness. Each Iayer shall tre
spread evenllr and shalI he thoroughly rnixed Curinq
the spreadinq to prcrnote uniformity of material in
eaeh layer.

e. \{tren the rnoisture eontent of the fiII material is
belop the optimum moisture content, water shall be
added until- the proper moisture eontent is
a chieved.

e
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ccmpaction to be achieved, the fill material
shall he aeraterl by hlading or other methods
until the moisture content is satisfactory for
ccmpaction, but not less than the optimum moisture
content.

Arter each layer to within tlro feet (2') of
finished pavement subgrade level has been placed,
mixed and spread evenly, it shall be thoroughly
ccmpacted to not less than ninety pereent (9Ot) of
maximum dry density as determined hy ASTM
Specification DI557-78. Compaction shaIl tre
undertaken with equiprTlent capahle of aehieving the
specified density and shall be aeeqnplished litrile
the fill material is at the required moisture
eontent. Each layer shall be ecmpacted over its
entire area until the desired density has been
obtained.

After each layer within two feet (2') of finished
pavement subgrade level has been placed, mixed and
spread evenly, it shall be thorouqhly ccmpacted to
not less than ninety-five pereent (95t) of maximum
dry density as deterrnined by ASTM Specifieation
D155'7-78.. Compaction shall be undertaken with
equipment capable of achieving the specified
density and shall be acccrnplished wtrile the fill
material is at the required moisture eontent. Each
layer shall kre ecmpacted over its entire area until
the tlesired density has been obtained.

The fil.tinq operation shall be eontinued until the
fill has been brouqht to the finished slopes and
grades as shorrrn on the aceepted Drawings.

3.4 BENCHING AND KEYING

cLr t{here the slope of the natrrral qround exeeeds an
inclination of six horizontal to one vertical
(5:1), hendres shall be cut into the hillside as
the fillinq cperations proceed. Each bench sha1I
be a leve1 terraee at least eight feet (8') wide,
and the rise to the next bench shall not exceed
f our feet (4').

Where the sl-ope of the natural ground exceeds an
inclination of four horizontal to one vertical
(4:lt, a keyway shall tre provided in addition to

f
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the benehes. The keyway shall eonsist of a
treneh at least four feet (4') wide and at
three feet ( 3' ) deep, eut into the original
at the toeline of the ernbankment. Keyway
sideslcpes shall not exeeed one horizontal
vertical (1:1).

level
I east
qround

to one

3.5 PLACING, SPREADING AND COMPACTING STRUCTURAL
BACKFILL II'ITffERIAL

a The selested backfill material shall be placed in
layers wtrieh qrtren ecmpacted shall not exeeed twelve
inches (I2") in thickness. Each layer shall be
spread evenly and shall be thorouqhly mixed during
the spreading to grcrnote uniformity of material in
eaeh laver.

When the moisture eontent of the filf material is
less than the optimum moisture eontent, $rater shall
be added until the proper moisture content is
a chieved.

C I{tren the moisture content of the fill material is
too hiqh to permit the specified deqree of
ccrnpaction to be achieved, the fill material shall
be aerated by bladinq or other methods until the
moisture eontent is sati-sfactory for ccmpaction,
but not less than the oDtimum moisture content.

d. After eaeh layer has been placedr mixed and sgread
evenlv, it shall he thoroughly ccmpaeted to not
l.ess than ninety percent (90t) of maximum dry
density as determine<l by ASTM Soecification
D155r-1P't excent that heneath pavement areas, the
uppermost two feet (2') shall be ccmpacted to not
less than ninety-five percent (95t). Conpaction
shal.I he unCertaken with equiF,ment capable of
achieving the speeified density an<1 shall be
acconplished while the fifl material is at the
requirecl moisture eontent. Each layer sha1I be
ccmpacted over its entire area until the desired
density has been ohtained.

The fillinq operation shall he eontinued until the
fill has heen brouqht to the finished slopes anC
grades as shown on the aceented Drawings.

t,
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3.6 FINAL SUBGRADE PREPARATION

The upper six inehes (6") of at1 final pavement
sutrgrades shall be brought to at least the optimum
moisture content and shall be conpacted to not less than
ninety-five pereent (gSt) of ASTM Specificati-on Dl557-78
maximum dry density, regardless of wtrether final
subgrade elevation is attained by filling or exeavation,
or is left at existing grade.

3.7 TESTING AND OBSERVATION

a. AII grading cperations shall be tested and
observed by the Soil Engineer, who is serving
as the representative of the Ovrner.

Field density tests shall be made by the Soil
Engineer or his representative after ccrnpaction
of each layer of fifl. Where ccmpaction equipment
has disturbed the surface to a depth of several
inches, density tests shall be taken in the
ccmpacted mat.erial helcw the disturbed surface.
Additional layers of ttre fill shall riot be spread
until the field density tests indicate that the
specified density has been obtained.

e Earthwork shall not be performed without the
physical presence or approval of the Soil Engineer.
The Contraetor shall notify the Soil Engineer at
least two (.2) working days prior to cornmencement
of any aspect of the site earthwork.

d. If the contraetor should fail to meet the technical
or desiqn requirements embodj-ed in this doeument and
on the applicable plans, he shall make the necessary
readjustments until all work is deemed satisfactory
as determined by the Soil Engineer and the Architect/
Engineer. No deviation frcrn the specifications shall
be made exceDt upon written approval of the Soil
Engineer or Ar ctritect,/Engineer.

b
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GEOTECHNICAL REPORT
WHISPERING PINES ASSESSI{ENT DISTRICT

IMPROVEI1ENTS
Iriaho-Maryland Road at Brunswiek RoaC

Grass Valley, California
L&aNo.A6-73

Felrruary 27, 1986

INTRODUCTION

Purpose

A qeoteehnieal study has been ecmpleted for the roadway
imrrrovernents to Iclhisperino Pines Assessment Distriet in Grass
Valley. The purposes of this investiqation have been to
qather information on the nature, distribution and
eharaeteristies of the earth materials and pavement subgrade
conclitions along the nroposed roadway al-iqnments, and to
prepare speeific aeotechnieal reccmmendations for use in
desion and eonstruetion.

Scope

The scope of this study has incruded a reeonnaissanee of the
proieet- hy a rnemtter 6€ our engineerino staff ; the ccnrrrletion
o: 29 test borinqs at selected points within ttre proposed new
roarlway alignments as well as roadways scheduled for
renovati-on; laboratory testing eonducted on serected samples
of the earth materials reeovered frcrn the borinqs; geologic
interoretation and engineering analysest and the preparation
of this report.

This renort includes our findinqs regarding site, soil,
qeoloqic and qround water conrlitions; eoncl-usions pertaining
to Davement suhorade quality, soil corrosivitv, slope
stahifity, potential borrcrw materials, excavation
charaeteristies, and support eapability for a new hox eulvert
on one of the roadway aliqnments; anrl reecrnmendations .or
roadwav qrading, erosion eontrol, sukrdrains, pavements and
hox crrlvert as well as storm drain desiqn.

The l-oeaf-ions and loqs of the borinqs are disolayed on
pl-an/oro€i1e sheets, plates No. I throuqh 14. An explanation
o' the soil. symhols and elassification system used on the
locts appears on PIate No. 15. Aopendix A contains information
oE a qeneral nature reoarding project concepts and details

P.O. EIOX 13340, 1e3 COMMETCE CtrCLE. SACFIAMENTO. CA 95El13 91 6 Seg.gol e
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pertaining to the field exploration and laboratory testing
phases of our investiqation. Appendix B contains suggested
earthwork specifieations, $r1ich may be used as a guide to the
ccrnposition of eontract documents.

Referenee is ma,:le to our previous engineering geotogic
reports, troth entitled: "Whisperino Pines Park" (f, & a No.
8L-246, dated June 18, 1981 I and L & a No. 83-118, dlated
April 2L, 1983). Geoloqic information contained in those
reports has been reviewerl and incorporated hy this
i nvestiqation.

Nature of Project

As presently proposed, the impro\.lements to the assessment
district will include some 90OO lineal feet of new roadway as
weIl as a widening and grade adjustment of existing
Idaho-t{aryland Road and Brunswick Road. The approximate
lengths of the new roadways are as follow: Whispering Pines
Road, 4169 feet; Crcrvrn Point Cirele, 4540 feeti Centennial
Wayr 807 feet; Cambridge Court, 2LO feet; and Crabtree Courr,
43O feet. A1 I of the new roadwa)rs will be constructed with a
shoulder-to-shoulder width of 40 feet and a eorridor width of
6O feet.

Idaho-l{arylanri R.oad will he improved between approximate
Stations 28 and 33. The existing roadway is only about 24
feet wide, but it will tre broa<lened to about 30 feet in width
and the qrade lovvered sliqhtly. A new box culvert is to be
constructed on Centennial Wafr over Wolf Creek.

Brunswick Road presently is up to 48 feet wide, shoulder-
to-shoulcler, hut \,ril1 he broadened to almost 60 feet wiCe
between approximate Stations ()i and 81, in order to
aeccmmodate left-turn Ianes at the intersection of
Irtaho-llaryland Roari and Whisperinq Pines Road, ds well as a
right-h.an.l acceleration lane at the intersection of Brunswick
Road anC I^lhisnerinq pines Road. A possihle souree of borrovr
material for the lane wideninqs is the eut required to expand
the roadwav width riqht of Stati.ons 66 to 73.

We understand that the following traffic indices f"T.I."s)
are to be assiqned to each roadway: Idaho-Marylanrl Road,ttT. r. t'

ttT. I. tt

ttT. r. t'

= 9.5
= R.5
= 6.0

i Brunswiek Road, "T.T." = 9.O; Centennial Wa!,
t Whispering Pines Roari, "T. I. " = 7. 5 west and
east of Crown Point Circle; Crown Point Circle,
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5. 5; Cambridge Court and Crabtree Court, ,,T. I. ,l

include storm drains, whj-eh
is expected to balance, and

may
no

FINDINGS

Description of Proiect. Area

Boundaries

whisoering Pines Assessment Distrlct encornpasses
approximately 154 acres, bounded on the north hy
Idaho-lrlaryIand Road ancl on the east by Brunswick Road.
!Iioh-tension electricar transmission rines borne on steer
tcr^/ers extend alonq one of the westerry property rimits. To
the south, there are private residences and undeveloped
woo<ied hif 1 sl cpes.

Northeast Area

The northeast seetor of the assessment district ccrnprises
ahout 37 aeres enecmpassed by t{hisperino pines Road,
Brunswi ek Road, rdaho-l4arvland Road and the erectrical
transmission rines. T.lris area oenerarly sropes fron a hich
ooint, near elevation +271O f eet lU. S.G. S. datum't at
whisperino Pines Road, to about elevation +2555 feet at
rdaho-}{aryland Road. Existinq whispering pines Road is a
narrow drive surfaeed with a nsninal thickness o€ asphalt
eonerete. It serves existing development, includinq two
hdnes, a barn and a ehurdr to the north.

Southeast Area

The southeast seetor of the property enccmpasses
approximately 9I acres or heavily-wooded, moderately rugge,l
terrain situaterl on the southwest corner of t^lhisperinq Pines
Road and Brunswiek Road. crown point Drive and crabtree
court are to be eonstructed in this part of the improvement
district. Vegetation Presently eonsists of ponderosa pine,
tovon, manzanita, eascara and seattered buckeye with a low
volunteer rye qrass cover in open areas. This part of theproject is eriss-erossed with numerous old bulldozer trairs,
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probablv brazed for +irefightinq purposes in the Dast. Many
of these trails are inaeeessihle exeept on foot, traving been
overgro\^,n hrith brush and ohstrueted by fallen trees. Rouqh
grading for crcrrn Point Drive affords the principal aecess to
the eenter 6€ the seetor. Ground surface generarly slopesrrcrn about elevation +2850 feet at the summit of a knoll near
the extreme southerly proDerty eorner to approxj-mate
elevation +2640 feet at the far northwesterly eorner, hut
there are several larqe depressions, at least one of which
lies within a prcposed roadway right-of-way.
Natural h.ilI slcpes stand as steep as 3 horizontal to I
vertieal, but are flatter at most locations. AII of the
trees anC brush appear to be standing upriqht, suggesting
that littre if any soil creep has taken pracei however, there
are siqns of gro.rnd deterioration due to erosion on both the
old bulldozer trairs an<l rouqh-qrade<l alignment for crcn^rn
Point Drive. An old pipeline consisting of an I8-inch
diameter or 18-inch square east iron riirsgg6 conCuit ioinedby holted ccrnpression rings is exposecl at three points not
far frcrrr whisperinq Pines Road. This pipeline apparently
eonducts water frcrn a souree east of Brunswiek Road to a
reservoir west of the assessment district. Frcnr the age of
the piperine, it is prohabre that it once servieed off-site
mine workings. Serrs;31 o1 rl prospeets were discovered in the
southeast part of the nroiecjtr the most eonspieuous is a
6-foot rriarneter, elrlindrical hanrl-duq shaft itrout l5 feet
deep. In addition, a rew trenehes were noted over the
easterly half of this areai the purpose of these excavations
is unknovrn to us.

Northwest Area

The northwest sector enccmDasses about 26 acres west of the
power transmission lines and is presentl-y cx^rned bv Robinson
Timter conrpany. The extension of l,'lhispering pines Road anc
alr 6r centenni-al ltlay are to be construct.ed on this part 9r
the Projeet. \Ieqetation consists of mixed oonderosa nine and
deoclar cedar with an understory of toyon anrl manzanita.
Ground surfaee sropes frcrn ahout erevation +2780 feet at the
Dower rines to a nearry-lever area at ahout elevati on +2520
feet, near the northwesterly property eorner. The surface
has been disturbed by previous mining and rogqing activities.
An exr-ensive area ot mine tailinqs forms a lobe stretching
nearly 1OO0 f eet alonq the north pl:operty line.
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Numerous roads traverse the sector and the lorlrer portions
have been levelled apDarently for loq storaoe and parki-no
areas. Several struetures exist near the northwest property
eorner. Concrete foundation remnants also erere observed in
this area and probably are associated with a stamp miII and
hoisting works for the immediately-adjoining (ncn^, defunct)
Idaho-l,laryland Mine. ,Just srest of the power transmission
1j-nes, three larqe terraces have treen graded into the slooe
by means of euts and fills up to 2O feet deep. We ?rave it on
report that these terraees were built arounrl 1980, with the
intention of constructing shops and parkj-ng areas on the
ccmpleted. pads. We understand that a Caterpillar D8L
bulldozer hras used for ripping and that the removed materials
were pushed dcnvnslope to form t?re fill embankments without
any attempt at bendring, keying or other standard fill
construetion procedures. The ecrnmercial project was later
at:andoned.

Idaho-Maryland Ditch originates at a small reservoir
impounded by a tailings dam -iust south of the extreme
westerly part of the project and eonduets seasonal flcrv
eastvrard alonq the approximate elevatioa *2545-€oot contour.
fn addition,'Wo1f Creek, the pri-ncipal natural drainageway
that flcmrs throuqh Grass Valley, is eonstricted to a narro\^,
channel about 10 to L2 feet deep alon9 the south shoulder of
fdaho-Maryland RoaC and is spanned by a wood bridge leadj-ng
to a oravelled drive that wraps around the Robinson Tlmber
Comr:anv facilities to form a connection with the existi-ng end
of oavernent at Whisperino Pines Road.

Earth Materials

E ilIs

Test borinqs for Whispering Pines Road and the upper reaehes
of Centennial Way revealed surfaee deoosits consisting of
silty or fine to eoarse sandy rock fraoments (Gtq) recognized
as mine tailinss. Within the existinq right-of-way for
Whisperinq Pines Road, these tailings function as road base
and may initially have been lain down to stabilize the
suhgrade soils. fhe borings revealeC that the blanket of
mine tailinq" varies in thickness frcrn as much as 4-112 feet
within the Robinson Ti-mber Company property, to an averaqe of
2 reet alonq the Whispering Pines Road aliqnment.
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Soils

Native soils penetrated belovr the veneer of flllr oE frsn
ground surface elselrtrere, are colluvial siltsr the color,
texture and ccrnposition of which are gs/erned by the
eharacter of the underlying bedrock frcm which they have been
derived.

In oeneral, the borj-nqs on ldaho-Maryland Road, the
Centennial Way alj-qnment, the west reach of Whispering Pines
Road, and the stretch of Brunswick Road to be improved
revealed brorrn to red-bro\^rn, fine to eoarse sandy silts (ML),
while the remaining borings encountered red-orange to
ye1lcr^r-orange, elayey to very clayey silts (ruf t. TypicalIy,
the darker (ML) silts display hiqher in-place unit weights
and lor,rer moisture eontents than the liqhter-colored (t-tH)
soils. In many of the horinqs, the amount of incorporaterl
roek fraqments appears to inerease with tlepth throuqh the
natural soil sequenee.

Rock

Most of the borinqs.penetrated roek helorp the veneer of
colluvial soil an<l/or fill. On the west side of the projeet
along Centennial Way and Idaho-Ilaryland Road -- the roek j.s
identified as serDentiniter dn ultrabasic formation ereated
during the MiddIe Cretaeeous perioC (etUian to eencrnanian
epochs) of qeologic time, or about 95-12o million years ago.
Borings drilled alonq and in the vieinity of Brunswick Roa,l
encountered diorite, olso or Middle Cretaceous age. On the
other hand, bedroek revealed by the retnaining borings consist
primarily of amr:hibolite schist, identified as a Dart of the
Conper HiIl \rolcanics group of Early Cretaceous (Berriasian)
d9€r or about 134-136 million years old.

The results of our earlier enqineerino creologic
investigations indicate th.at there also exist, Et isolated
loeations, minor lenses and outliers of metasiltstone,
quartzite, eonglcrnerate and phyllite of the Calaveras Groupr
denosited during the Permian perioCr or about 225-280 million
years aoo.



t
I

t

Pacre 7
Eehruary 24, 1986
L&aNo.a6-73

LCIWFIY 8 AEiSGIGTATES

Ground Water

Test Borings

Each test borins was checked for ground water follcrwinq
ccrnpletion of drillinq. Free rrrater was intercepted in Boring
No. CN-I only, near the interface of the gravelly stream
alluvium and underlying bedrock adjacent to Wolf Creek. It
is likely that the observed ground water level reflects the
creek stage.

Artificial Springs

Seepaoe emerginq frcrn the existing ground surface was
ohserved at many locations along the proposed western
extension of tq6ispering Pines Road and the upper reaches of
eentennial Way. rhis \.Jater appears to be due nrimarily to
leakaqe frcnr the east iron $rater line ancl/or underseepage
frcrn the tailings dam previous-1y described. Similar seepage
conditions coul.d be expecterl at other loeations virere
perforated seoments of oipeline eross che proposerl roarlways,
notablv Crcnrn Point Drive.

Natural Sprinos

Our earlier investiqation also revealed areas of natural
sprinos uftieh may tre either perennial or ephemeral,
especialJ-v at or near the qeologic eontact where
dissimilarities in rock ioining patterns and/or local shear
zones pervade the roek fabric, or where tooographic lows
coinci<1e with the strike of major beddinq planes or
f ract-ures.

CONCLUS IONS

Slope Stability

Existino Slopes

Natural hif l slorres appear to be stable in most areas.
Existinq rill slcpes, spoil piles, qround overlain by mine
tailinqs anC soils disturbe<l by previous hul Idozing
orrerations nav he unstahle where existing inclinations exeeed
a confiquration of 2\orizontal to I vertical; however, this
conrlition is e.xpected to he alleviated during the ordinary
corlrse 6f qradino.tr

I
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The existing eut slopes along Idaho-Maryland Road and
Brunswiek Road appear to be stable, even as steep as l.
horizontal to I vertieal.
Proposed Slopes

Trlaxial ecmpression test series eonduetedl on undisturbed
sarnpres of soil and weathered rock show angres of internal
friction on the order of 13" or 14", with ncminal cohesion
values of 2OO pounds per square foot or less. ftrese values
are eonsidered quite lcry, trut will atlorr stable sl_orre
inerinations as steep as those permitted by ordinary buirding
cqie orovisions. Remolded triaxial tests indicate similar
internal strength parameters. Emhankment slopes eonstructed
of native soirs arso ean be expeeted to rennain adequatery
stable, if they are construeted in accordance with the
reecmnendations of this report. The results of the triaxiar
ecmDression test series are depieted on plates No. A1, A2 and
A4, in Appendix A.

I

Minimum raetors of safety assoeiated with artificiar slopes
may be assumed at 2.0 under static conditions and r.5 under
ecrnbi'ned statie and earthquake loading eonditions. T,!rese
faetors of safety are predicated upon eut and firr sropes as
hioh as 15 feet in soir. For earthquake roading eondltions,
peak horizontar aceel.eration of c.25 g has been used in the
desion analvses. The stability ccmputations are predicatecl
upon the assumption thae all slopes wirr he satisfactorily
proteeted frcrn erosion.

a

Borrow Areas

Materials Suitatrility
Borings ccnrpleted ror the Brunsrviek Road cut and for the
shoulder widening along ldaho-Marylanrl Road re."zealed that the
earth materials w'ill eonsist of both roek and soit, a mixture
of trftich would tre aceeptable for use in engineererl fill
eonstructionr pEovided that the materiars are processed to
remove ruhble, rubbish, vegetation and other undesirable
str?rstanees, in6']trding oversized roek fragments. Most of the
exeavated rock appears to he amenable to erushing in order to
pro<lu6s fraqments of aeceptatrle size. Extensive areas of mine
tailings, including existinq emhankments, are eonsirlered
exee] lent sourees for roadbase to improve sutrgrade conditions
alonq the proposed roadway routes, Drovided that these
materials are similarly processed.
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Native soils, free of roots and trash, are considered
suitable for use in eonstructing at least the lcrrermost lifts
of engineered fifl embankments. A laboratory ecmpaction test
condueted on a seleeted sample of on-site soils is presented
on Plate No. A3.

Grading Factor

We have calculated an approximate shrinkaqe factor For the
soil types expected t-o be encountered during gradino. This
analysis is hased upon a ccrnparison of laboratory in-place
unit weight and ccmpaction rlata, and thus must be eonsirlered
theoretical. In addition, the analysis does not (and cannot)
aeeount for materials losses due to suhsidence over
haulaqeways, overccmpaction, attrition durinq transportation,
or proration for unsuitable materials.

to

tf
I

The eqnputed shrinkaqe factor for all of the
pereent. Hence, 1.00 eubic yard of excavated
expected to proriuee approximately O. 82 cubic
prooerly-ecmpacted engineered fiIl.

soils is I8
soil ean he

vard o.f-

Subgrade Quality

Resistance (r'Rrr.| value tests were eondueted on 11 indi'ridual
samoles of fill, soil and rock expected to be encountered at
proposed pavement sutrgra.le level; the results are tabulated
on Plates No. A5--\15. One such test reproportioned to
aceount for eoarse rock sizes -- was condueted on a sample 6f
the mine tailings that exist over most of the present
alionment of Whisperino Pines Road, and on hiqher terrain
over the Robinson Timber Company property. The results of
this test shcxped ,R, = 13 at 300 psi exudation pressure,
indieatinq that, in this regard, the existing mine tailings
are only sliohtly inferior to Caltrans CIass 2 aqsresate base
materials (nR" , zB).

Other subqrade quality tests eonduete<i on the native soils
shorrr rtRrr = 5-L2 f or clayev silts ( Utt) and trR'r = 19-26 f or
sandy silts (ML), qrrren reduceC for expansion. Samples of
serpentinite hedroek show "R" = 43, but a sarnple of
reeonstitute.l diorite tre,lrock scheduled for use as horrow
rnaterial on the Brunswiek Road renorration showed only rrRri

r1.

In I iqht
s uhqrad e

of the Foreqojnqr w€ have eonc-l-rrded that the
qualities sf the native soils and of vflrat
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essentially eonstitutes soil borrcn* derived frcm exeavation
arong Brunswick Road are poor to fair. subgrade quality ean
be greatly enhanced, however, 'by designing the structural
sections to incorporate at 1east 12 inches of existinq mine
tallinqs as a trase course substitute.

Soil Corrosivity
Resistivity and tr*I tests \rrere conducted on selecterl samples
of fine sandy silts (lar,t and clayey to very crayey silts (MH)
as an aid to assessing the ehemieal aqoressiveness of the
native soils. These tests show a pH of 6. 35 and an effective
resistivity of about 3.88+04 ohms-eentimeter ror the sandier
silts, indicating that they are sliqhtly acidic and mildIy
eleetroeonductive. On the other hand, the tests yieldinO a
pH of 7.A4 and an effective resistivity of 5.6E+03 for the
el.alrey silts (l\&{), suogesting that these soils are stiqhtly
arkaline and only moderately ereetroeonductive. The follotring
tabulation, relating p!{ resisrivity and a qualitative
assessment of soil eorrosivity is presented belcrp for your
convenience.

TABLE I CORROSION RATINGS

Ef fe etive
Resistivity

( ohms- crn'l

<4.08+O2
4. O-8. 0E+O2
9. o-1 5. 0E+02

PH

<4. 0
4. O-6. O

6.O-7.O

Corrosion
Rating

criti cal
severe
serious

1. 5-3. 5E+O3
3. 5-8. OE+03
8.0-20.0E+03

>20. OE+o3

The results of the
PJ.ate No. A16.

". o-9.0
8. O-C. O

e.0-10. o
>10. o

moderate
s1 ight
ncminal

insioni ficant

pH and resistivity tests are displayeC on

Excavation Conditions

The results of this investiqation indicate that the planned
.finished roaclway grades including superjaeent rock c.ut

I
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slcpes -- ean tre acccrnplished using eonventional grading
equiprnent ordinarily available to eontraetors. None of the
bedroek types appears particularly resistant to excavation,
and removal of these materials is anticipated to be feasible
by means of machinery equal to or larqer than a Caterpillar
DBL (or equirralent) traetor equipped w'ith dual rippers.

Ground Water Control

Deeper eut slcpes -- espeeially those with esposed faces
oriented in the northeast-southwest direction -- may
intereept seepage throuoh bedrock Foliation pJ.anes or joints.
The quantity of sueh seepase is dependent upon the soacing
and openness of these discontinuities. Arter a peri-od 6f
prolonqed intense rainfaII, seepaqe also could be expecterl at
or near the eontaet between the rnore pervious soil- mantle and
underlyi ng, ecrnparatively impervious, bed rock surfaee.
Ground water frcrn either of these sources, hovrever, is
expected to he limited and practically inconsequential.

Areas of rrersj-stent seepage -- sueh as those affected by
pipeline l.eakage and,/ or perennial springs -- wiII require
subdrainaoe, unless fl or^r frcrn these areas can be permanently
shunteri arday frcrn and disposed heyond the lirnits of the
protrosed roadwaysr particuarly the western braneh of
Whisperino Pines Road and the upDer part of Centennial Way.

Culvert Support

The results of this investiqation indieate that the qravelly
stream alluvium fGMt at the Centennial Way crossinq of Wolf
Creek has suffieient internal strenoth for support of the
proposerl box er:lvert, anC that adequate headwall cutoff is
availahle in the underlying serDentinite bedrock.

RECOMMENDAT IONS

Gradino

C learanee

General clearance of the proposed roaCway improvement areas
should inel-ude the removal of all unwanted trees, brush and
associate.l root systems; dcr*ned timber i surface grasses i
existinq asphalt eoncrete oaving; rutrbrish anC rutrhle; and any

I
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undergrround utilities that are within 2 feet o1? existing orrinal qrade (*riehever is ro*er). ponded rrrater shoul-d he
drained away frcnr all roadbed areas, and any encroaching
seepaqe shourd be diverted hy construction of dikes or
traininq ehannels designetil to earrJ/ it away frqn the
construction areas tourard appropriate rlisposal sites.
rn addition to the foregoinq, dJ-r roose existing firls, soft
an<l/or saturated soils and strueturar remnants incruding
those follcrving demorition of the existing woorJ bridge over
hlolf Creek should tre removed.

In the event that sma1l shafts ( less than 4 feet in diameter
ancl not over I0 feet deep) are eneount.ered within the
proposed rights-of-way, the sides of the shafts should hre
brol-.en back to a configuration not exceeding I horizontal to
1 vertj.cal. r+ major shafts are encountered, our enqineering
geologist should be contaeted immediately for special
eorreetive re ccmmendati ons .

If they extend belcnp planned finished pavement subgrade
elevation, excavations and depressions resurting frcm the
removar of the aborze items should he cleaned out to firm,
undisturbed soir or bedrock (whichever is hiqher) and
backfilled with enqineered fill processed, placed and
ccmpacted in aceordanee with the follcrwing reecmmendations.

Subqrade Preparation

soil subqrades desiqnated to reeeive engineered fitl should
he searified to a depth of 6 inches or to the underlying rock
surfaee, whiehever is hiqher. rn areas where the sclrifierl
suborade is within 2 feet of finished sutrgrade elevation, the
soils should be brouqht to at least the optimum moisture
eontent and reecmpaeted in plaee to not less than 95 percent
relative densityr Ets stipulared by ASTM Specification
Dl557-78; otherwise, the minimurn degree of ccnpaction may be
reduced to 9O percent. Bedrock subgrades, attained by
exeavation, shourd be creared of arr loose rock fragments
exeeedi.ng 6 inches in largest dimension but should other$/ise
be reft undisturbed. No sutrgrade preparation shourd be
undertaken wtrile the ground is frozen.

Enqineered FiIl

A11 soils placed as enqineered firl required to establish
final roadway subqrade erevation should be constructed in
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horizontal Iifts not exceedinq 6 inches in ccmpacted
thickness. such materials should eonsist of native soirs
free of trash and vegetationr soils within 2 feet of final
pavement subgrade level should be free of rock fragments
exeeedinq 4 inehes in largest dimension, and belor that
level, 6 inches in largest dimension. AII mine tailings to be
userl as enqineered fill should be placed in level lifts not
qreater than 12 indres in ccmpacted thickness. Mine tailings
should be processed to remove ruhbish, vegetation and roek
fraqments over 5 inches in largest size, and, where used
within the uppermost 18 inches of final pavemenr subgrade
Ievel, should eontain not more than 25 percent fine particles
passing the No. 20O sieve.

Each lift of fill shoul.d be brought to at least the optimum
moisture eontent and ecmpacted to not less than 90 percent
relative ccmpaction to within 2 F.eet- ot fj-nal su).rgrade
elevation, anC to not less than 95 percent relative
ccmpaction thereaborre, aIl in aeeordanee with ASTM
Specifieation Dl557-?8. No frozen soil shoul,l tre used as
enqineered filt.

Benehing - Keying

Vlhere the slope of the original qround exceeds an inclinat-ion
oF 6 horizontal to 1 vertieal, benehes should be eut into the
natural. slope as the fillinq operations proceed. Each bench
should eonsist of a level terraee at least I feet wide r+ith
the rise to the next treneh not qreater than 4 feet.

I^Ihere the slcpe of the original ground exceeds an inclination
oc 4 horizontal to I vertical, a keyway should he provided in
artriition to the trenches. Each keyway should consist of a
level trench at least 4 feet wide, eut to a rtepth of 3 feet
into the original sround along the proposerl ernbankment
toeline, with side slopes not exeeeding an inclinat.ton 6r I
horizontal to 1 vertieal.

Final Compact.ion

Exeept in rock euts, dll final- subqrades should be brouqht to
at least the optimum moisture eontent and reecmpacted in
pLace to not less than 95 percent of maximum dry density in
a ceordanee with the preceding standard.
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SIopes

Permanent exeavation slopes in soils or hiqhly-weathered rock
may be designed as steep as l--L/2 horizontal to 1 verticar.
Permanent etrt slcpes throrgh intact rock -- estimated to
exist at and belcxrr an average depth of 6 feet frcm existing
orade and approved hy the engineering oeoloqist duringqrading -- may he inclined as steep as L-L/4 vertical to 1
horizontal.

All finished
steeper than

embankment sI mes
2 horizontal to I

should be constructed no
verti cal.

Testino

our representative shourd be present during arl site clearing
and grading ooerations to test and observe earthhrorl<
construction. Ttre further reecmmendations of this report arepredicated upon ccrnplianee with the foregoj-nq reccmmendatj.ons
and adherenee to the appended quide earthwork specifications.

Erosion Control

Slope Rounding

The uppermost 3 feet, measuredl vertically
Iine, of all eut slopes should be rounded
the standards previously reeonmended.

frcrn the crown
and ecrnpacted to

Seedinq - Planting

A11 enqineered fill srcoes shourd be seeded and/or planted as
protection frcm eoncentr:ateal surfaee flovr. The app;opriate
species shourd l're sereeted givinq due consirleration to prant
hardiness, propaqation and nutritive requirements, including
watering denands. rnterim slope protection should be
provided try straw-punchinq with an appropriate tackifier
(ineluCing a chernical muleh, if desireC) or hydrcrnulching.
similar proteetion is advisabre -- although not essentiai --on eut sl.opes as a precaution against progressive
deterioration.

Drains

Interceptor drains shoul.d
behind the ero!,Jn lines of

he installed no more than 4
all cut slorres greater than

feet
10 feet
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in height. These <lrains should be paved with at least 3
inches of reinforced portland eement conerete or gunite and
should be founded at a minimum depth of 12 inches krelor*
lqrest adjacent finished grade, in undisturbed materials.
The drains should have a minimum paved width of 30 inehes,
measured horizontally across the drain. A minimum gradient
of -2 percent should be provided and the accrrmulated runoff
directed toerard other drains or lateral ditches designed to
discharqe the runoff at points well away frqn the exposed cut
faees. I{here do^'ndrains discharaqe onto slopes that are
steeper than I0 percent, energy dissipation devices should be
installeC at the discharge ends. These devices could include
retaineril rocks, lined stilling basinsr or level spreaders
desiqned to disburse the runoff qradually across a flatter
sl ope.

Berms

Adiacent to the roadways, asphalt or portland eenent eoncrete
trerns should be installed alono the cr@rn lines of enqineered
filt slcpes sreater than 5 feet in height to prevent
excessi're sheet runof f . Alternatively, rol1ed qutters pa.red
and of the dimensions stated above may be formed alonq t-he
ercft/n lines pro\rided the qradient is no less than 2 pereent.
Collected runoff frcm pavement surfaces should be directeC
to\dard appropriately-sited drop inletsm, scupoers or other
drainaqe devices ror disposal beyond the limits of the
enbankment faees.

Subdrains

Intereeptor Pipes

Seoments 6f Centennial way between approximate Stations ,9 and
1o and of Whispering Pines Road tretween approximate Stations
1O and 13 may be subjece to a seepage nuisance arising from
leaks in the nearby east iron water main and/or seepage
beneath the tailings dam to the south and west. In the event
that the need for subdrains is confirmed during orading, we
reccnmenC the use of 4-inch diameter qalvanized Cl,lP (eStU
Sr.'eci ficati on A742\ or Schedule 8O PVC (ASTU Specif ication
D2979) drainaqe PiPe.

Pipes should be placed at a 45o skew to the new eenterlines
and designed to eross the full width of the roadbed at
spaeinos not rarther apart than 40 feet. Drainage pipe
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shoul.d be bedded in trendres at reast L2 inehes wide and at
least 12 inches deep. Pipe invert levels should be no higher
than 5 inches ahcxze the treneh bottom grade, and pipes shourci
be slcped at a minimum gradient of .5 percent toward the
lourer shoulder. T!'re entire herrinqbone pattern shourd be
eonnected to a 4-inctr di-ameter sorid eolrector pipe routed to
discharqe well away frqn the roaclway limits.
Subdrains may l:e either perforated or slotted. Slots, if
ehosen, should be no more than L/8 inch wide and
perforations, and rrerforations no more than I/4 inctr in
diameter' rn either case, openings should be praced dor*n.

Permeable Materials

Permeahle materials surrounrling the underdrains shourd
eonform to the qrading and othel: eriteria stated in the
Caltrans "standarrl Specifieations' (Iq84). It is our
experience that a volumetric mixture of 75 percent 3/g-inctr
diameter pea oravel and 25 oereent conerete sand closely
approximates the orading specifications for cartrans class 2
permeahle materials and would be consiriered an acceptabt.e
suhstitute. suhdrains shourd be hedded with and surrounding
by at least 6 inehes of this material qtrich should be placed
and ccrnDacted to at least 90 rrercent rerative ccrnpaction, Bt
or ahove the optimum moisture eontent, in aecordance with
ASTM Specifieation DI557-7R. AlternatS-ve permeal-rle materials
oradinss could be consi,jered, if the underdrain trenches are
lined with pervious oeotextile fabric.

Pavements

Desion Criteria

We have ccmputed various Davement desiqn alternatives on the
basis of the *Rri value tests, 'rT.I." data for each roadway
and the Caltrans "Design Irlethod for Flexible pavements,'. AII
of the desiqns are t'ased upon the rovsest ttR'!t values for the
subgracle soir type that appears to be most characteristic of
the roadway reaeh un.ler consideration.

As earlier discussed, subgrade eonditions ean be clramatically
improved by using existinq mine tailinqs as a roadway base
suhstitute. !herefore, alternative reconmenrlations for
stanriard 2-zone struetural seetions,. ds well as a hyhrid
section consisting of mine tailinqs }-rase.eourse and a
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standard wearing course, are presented in the following
tabulations. It appears that, rrtrere at least a 2-foot thick
layer of mine tailings already exists within the proposed
riqhts-of-way, these alternative pavement sections could be
used, provided that finished subgrade level- is not more than
12 inches belor.r eixsting qrade. This option may be
partieularly attractive on hlhispering Pines Road,
specifieally between Stations l0 and 45.

It should be recognized that a smooth trase course subgrade
over udrich the asphalt eoncrete wearinq course can be
constructed may be difficult to achieve using mine tailings
alone. Thereforer w€ suggest that a levellinq course
ecrnrrosed of Class 2 aoqreqate hase per Caltrans standarCs and
of naninal thiekness be used for this purpose.

Structural Sections

Our reccnmended struetural sections
presented bel crur:

for each roadway are

TABLE II PAVEME}M SECTIONS

Recqnmended Structural Sections inches

Roadway Reach

1) IdaheMaryland Rd. 9.5

2\ Centennial l{ay 8.5

(Typ" B) (class 2\ ( "R">73 )

g

L2

t3
1B

10
13

16

3) Whispering Pines Rd.
6\ East

Desion Values15fT;r---.-TT

43

L4

5. O

Asphalt
Conerete

Aoqregate
Base

10
t:

Mi ne
Tai Iings

6
6

5
3.5
3.5

5

5

7
4.5

3
3

5
5

h) I,.Ie st 7.5 26

16
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TABLE II PAVEPIE}ilT SECT IONS

Recommended Structural Seetions inches

Desiqn Values

4 ) Carnbridqe Court 5.0

5 1 Cr o,rrn Point Ci r cle 5. 5

6) Crabtree Court

Sa tis Fa etory
availakrle at

10

cutof f for the hox er:lvert headwalls is
and bel ow el-evati on *2486 f eet, in serpentinite

4
3
2

4
3

5

3
2
2

8

Asphalt
Concrete
(Type B)

Aqgregate
Base

(cIass 2\

I
t:

5

9
11

Mi ne
Tailings
("R">73)

t2

L2

t2

19

,tr

5,5

5.0 10

7 ) Brunswi ck Road 9.O 11 14

Materials quality and construction characteristics for
aspha).t eoncrete and aqgregate base should eonform to the
applicable provisions 6F the Caltrans "standard
Specifications" (.Iuty, 1984). fhe foregoing pavement
reecrnmendations are predicated upon the assumptions that the
soils exposed at pavement suhgrade level will be similar to
those tested, that all enqineered fill and suhgrade
preparation wifl be undertaken in accordance with the
reccmmendations of this report, that the pavement suhqrades
will k,e stable, anC that the pavenents theFrselves will be
adequately drained.

I,^Ihere drop inl-ets or other drainage devices are to be
installed, rve strongly reecmmenrl that ooenings h" rrrovided to
eneouraqe free drainaqe of the eontiguous base eourse
materials.

Box Culvert

Cutoff
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bedrod<. The gravelly alluvium in WoIf Creek, mine tailings
imported frcnr nearby sources or Class 2 aqgregate base aII
would be eonsidered satisfactory bedding materials for base
slab support. Alternativelyr structural tackfill materials
coul d consist of a sand-gravel mixture having a nlasticity
index not exceeding 12, an expansion index not exceeding 20,
and a maximum particle si-ze of 2 inches. Struetural backfitl
should tre plaeed and ccrnpaeted as engineered fill in
aecordance with the preeedinO reccmmenCations. I{e assune
that all construction will tre undertaken "in the dry".

Lateral Pressures

Rioid box culvert wal.ls eould be sub-tected to at rest lateral
earth pressures equivalent to those exerted by a fluid
weighing about 6O pounds per cubic foot. If wing wal1s
eapable of yieldinq or deflecting at least O.1 percent of
their heiqht are also contemplated, they could he subjected
to active lateral earth Dressures equirralent to those exerted
by a fluid weighing about 35 oounds per cubic foot.

The above lateral earth pressures are predieated upon the
assumption' that hydrostatie pressures due to infiltrating
surface runoff water wifl not aceumulate behind the walls.
If sueh a condition eannot he assured, then vreep holes should
tre provided to alleviate the antieipar-ed hyCrostatic
pressures. Weep ho'l.es should be at least 4 inches in
diameter and should be spaced no farther apart than 3 feet.
The rear ooening 6€ each weep hole shoul,d be eovered with two
overlapping swatches of geotextile fabric, or screened to
prerrent wall backfill intrusion.

Struetural Bacl<fill

Structural hac'lcfi11 should eonsj-st of nono!-astic sand,
gravel, or a mixture thereof; or, mine tailinos graded to
reject roek fragments over 2 inches in largest dimension.
S+-ruetural backfill shoul-d be olaced in horizontal lifts not
exceedinq 12 inehes in ccmpacted thickness. Each lift shoul.d
be hrought to at least the ootimum moisture content and
ccmDacted to not less than 9O oercent relative density in
aeeordanee with ASTM Specification Dl557-78, except that
within in the uppermost 2 feet of backf ill beneath Centennia'!
Wayr the mj-nimum degree of ecmpaetion should b'e increased to
95 pereent.

to
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Storm Drains

The expected service life of cMp storm draj_ns proposed forthe project may be determined frcm the follor*ing Labulation.
storm drains on the hrest side of the project include allthose alonq that streteh of whispering pines Roa<l $rest of
crcrtrn Point circle, and arr of centennial waf r whereas those
on the east side include all others.

TABLE III CMP SERVICE LIFE
(CaItrans Test Method 643-B )

Service Life - yearsCulvert S cifi eations Proje ct
au a I Th ekness westsidffi

(in)

1q
16
14
t2
l0

8

o. 052
o. 064
o.079
o.109
0. 138
o.158

33
43
52
72
92

lLt

50
66
81

111
14I
I7I

Al 1 cMP drains shourd eonform to AsrM specification A444.

LIMITAT IONS

The reccmmendations of this report are basec upon the
information provided regarding the prooose,:l improvements aswell as the suhsurface cond.ttions encountered at the test
borinq rocations. rf it is found during construction that
suhsurfaee conCitions cliffer frcrn those described on thetrorinq 1oqs, the eonc-lusions and reecmmenCations in this
report shall he consirlered invarid, unress the ehanges are
reviewed and the conclusions and reecmmenriations moiified or
approved in writinq.

we woul.d aporeeiate the opportunity to review the final Errans
and speeirications to determine if the recommendations of
this report have been irlnremented in those documents. The
review would be ackno,vledged in writing.

We emphasize that this report is appticable onLy to the
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onstruetion, as deseribed hereln, and should not be
or design and./or construction on any other site.
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