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May 17,1999 

Mr. Roberi E. Willard 
Gold Hill Mesa JV, LLC 
1040 South Eighth Street, Suite 101 
Colorado Springs, Colorado 80906 

Re: Preliminary Geotechnical Investi~ion 
Gold Hill Mesa Property 
Colorado Springs, Colorado 
Gold Hill Mesa JV, LLC 
Dames & Moore Job No. 38057-003-035 

Dear Mr. Willard: 

ill - i! il,"'\'.-)'; . 

Dames & Moore is pleased to submit our preliminary report on the geotechnical assessment for 
the feasibility of developing the Gold Hill Mesa Property for residential and commercial 
development. This report documents our findings, and presents general conclusions and 
recommendations concerning geotechnical aspects of the subject property. 

Based on our findings, the site appears to be suitable for proposed development; however, 
specific earthwork and soil improvementimay be necessary, The most significant geotechnical 
issues at the site appear to be the potential differential settlement of the mine tailings and the 
ground modification steps that may be necessary to limit this settlement, the presence of some 
potentially corrosive soils, and the expansive native clays and shales located below the tailings 
around portions of the site perimeter. 

We tmst this report meets your present needs. If you have any questions or need more 
information please contact us at your convenience. 

Very truly yours, 

DAMES & MOORE 

Steven E. McCullough 
Project Engineer 

SOO 001 - H62.DOC 

Ronald 1. Ta.'1enbaum, Ph.D., P.E., G.E. 
Associate 

Office·; \j\irJrldwick 
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1 
Introduction 

This report presents the results of Dames & Moore's preliminary geotechnical and 
geologic hazard investigation for the proposed feasibility for site development at the 
project site. The general location of the site is shown on Figure I. 

Our investigation was perfonned in general accordance with our proposal dated 
December 7, 1998. The scope of our services reported herein consists of a field 
investigation, laboratory testing, preliminary engineering analyses, and preparation of this 
report. 

The purpose of our assessment was to evaluate subsurface soil conditions, and outline the 
potential geotechnical considerations pertinent to the ability to develop the proposed site 
for residential and commercial use. This report presents our findings, conclusions and 
recommendations regarding typical site preparation, earthwork, foundations, retaining 
walls, and other geotechnical engineering characteristics related to future development 
criteria. 
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2 
Project Description 

A potential development of approximately 217-acre vacant parcel of land is being 
contemplated which will feature low-rise, lightly loaded office buildings and residential 
structures. Associated with this development will be infrastructure in the form of roads, 
parking, utilities, and landscaping. No precise information on the proposed development 
was available at the time this report was prepared. Once a development plan is finalized 
for the site, a structure-specific geotechnical engineering investigation will be required. 

The Gold Hill Mesa property is located south of U.S. Highway 24 and east of 21st Street 
in Colorado Springs, El Paso County, Colorado. The property comprised a portion of the 
east Y2 of Section 13 and the west Y2 of Section 14, Township 14 South, Range 67 West of 
the 6th Principal Meridian. Existing site zoning includes: PBC-Planned Business Center 
development, located in the northwest portion of the site, and PUD-Planned Unit 
Development zoning for the remainder of the subject property (CSP, 1997). The 
proposed zoning and land use is assumed to be similar to, or in accordance with, the 
existing zoning and land use. 

The property includes approximately 170 acres of mine tailings exceeding 100 feet in 
thickness with side slopes reaching heights of 200 feet. The side slopes currently range 
from 2 horizontal to 1 vertical to 2.5 horizontal to 1 vertical, and have experienced severe 
erosion problems. Most of the slope erosion is located on the north and northeast sides of 
the mesa in the downstream face of the tailings dam. 
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3 
Field Investigation and 

Laboratory Testing 

A field investigation was performed from February 9 through March 3, 1999, and 
consisted of advancing 21 8-inch diameter hollow stem auger borings and 2 hand auger 
borings at the project site to depths ranging between 6 and 133.5 feet below ground 
surface (bgs). 

Drilling services were provided by Site Service Inc. of Golden, Colorado using a Central 
Mine Equipment (CME) 75 hollow stem auger driB rig. The locations of these borings 
were surveyed by l.R. Engineering, Ltd. of Colorado Springs and the locations and 
elevations are provided on Figure 3. In addition to the borings, 2 hand augers were 
advanced at the project site. The boring numeration began with B-5 since 4 borings had 
been advanced during prior investigations. Borings B-12 and B-18 were not completed, 
but their locations were surveyed prior to deletion from the investigation, and thus are 
shown on the boring location plan. 

The borings and hand augers were logged continuously by a representative of Dames & 
Moore in general accordance with the Unified Soil Classification System (USCS). 
Relatively undisturbed and disturbed soii sam pies were coBected at 5-foot intervals or 
recognized changes in lithology. Soil samples were collected by using a Dames & Moore 
V-type sampler or Shelby tube sampler to the depths explored. 

The samples collected were sent to Dames & Moore's geotechnical engineering 
laboratory to estimate their relevant engineering properties. Further details of the 
laboratory testing program and test results are presented in Appendix B. Some of the 
results of the laboratory tests are presented on the boring logs in Appendix A, for 
convenient reference to the soil profile. 
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4 
Site Topog-raphy 

Topographic expression of the surrounding lands includes high, rolling hillslopes. 
Processed ore materials (mine tailings) that have been hydraulically deposited onto the 
majority of the site, created an elevated flat area to the south with steep north-facing 
slopes situated on the northern portions of the site. The mine tailings exceed 100 feet in 
thickness in some locations with side slopes reaching heights of 200 feet. The side slopes 
currently range from 2 horizontal to 1 vertical to 2.5 horizontal to 1 vertical or flatter, and 
have experienced severe erosion problems. Most of the slope erosion is located on the 
north and northeast sides of the mesa in the downstream face of the tailings dam. 

The land surface in the northwest corner of the site is moderately flat, with benched areas 
of soils present in that area. The site surface elevation ranges from approximately 6,000 
to 6,280 feet above mean sea level (J. R. Engineering, Ltd. Site Survey, 1999). 

Current and historical aerial photographs included in this study were selected from fly­
overs of the Colorado Springs area for the years 1949 and 1998. Their scales reflect one 
inch to 600 feet and are attached for reference in Appendix C. These photographs were 
useful in identifying the past site features and their relationship to the surrounding 
properties, and the site as it exists today. 
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5 
Geologic Conditions 

5.1 Regional Geologic Setting 

The subject property is situated in the foothills of the Rocky Mountain Front Range, 
which is part of the Colorado Piedmont section. Bedrock under the site is represented by 
the Pierre Formation (Upper Cretaceous) and is generally composed of shale and 
claystone units. Bentonite-bearing units within the Pierre Formation can have significant 
swelling properties. A geologic site vicinity map has been provided for reference as 
Figure 2. 

5.2 Site Geology 

5.2.1 Surficial Deposits 

The majority of the site is overlain by man-made milled sands and silt fines produced by 
the Golden Cycle Mill operations. The deposits form a flat area over the southern portion 
of the site with a steep, eroded hillslope facing north and east along the northern and 
northeastern portions of the property. The steep hill slope represents primarily the 
tailings dam constructed to contain the hydraulically placed tailings. The United States 
Department of Agriculture (USDA) classifies the mill tailings soils as Badland soils 
formed in gold ore mill tailings. Runoff is rapid; the erosion hazard is high. Gullying is 
high on Badland soils, as is exhibited by the severe erosion located in the northern and 
northeastern portions of the site. 

Native soils located along the west and southwest property boundaries belong to the 
Razor-Midway complex. These clay loam soils form gentle to moderately steep slopes 
and are developed in residuum derived from calcareous shale on uplands. Permeability is 
slow and the available water capacity is moderate. Surface runoff and the hazard of 
erosion are moderate for Razor-Midway soils. The shrink-swell potential is moderate to 
high for these soils. 
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Soils situated in the Fountain Creek alluvial plain (northern boundary and northwest 
corner of the site) are classified as loamy Ustic Torrifluvents. The USDA describes the 
texture as variable; the onsite subsurface investigation characterizes the soil profile in 
Fountain Creek Alluvium as 60 inches of silty sandy loam overlying interbedded silty 
clay, sand, and gravels. These fine- to coarse-grained clastics extend to a depth of 
approximately 20 feet below ground surface. 

5.2.2 Bedrock Units 

Bedrock under the site is represented by the Upper Cretaceous Pierre Formation. It 
generally is composed of shale and claystone units. Although the actual thickness of the 
Pierre Fonnation under the site is not known, literature indicates the Pierre Fonnation 
thickness ranges from 3150 to 4800 feet. It outcrops within the foothills along the Rocky 
Mountain Front Range beginning from the U.S. Air Force Academy to the north and 
extends to the south of Colorado Springs. 

From subsurface investigations, the upper portions of the Pierre Fonnation is described as 
an olive-gray shale displaying varying degrees of weathering. The thickness of the 
weathered zone ranges from approximately two feet to greater than ten feet under the site. 
Weathering decreases with depth, consequently, fonnation stiffness and competency 
increases with depth. Iron staining and calcium carbonate mineralization was 
encountered in samples. 

5.2.3 Geomorphic Features 

Dames & Moore investigated the site for the presence of these features and the only 
geomorphic feature of concern for the subject property is slope erosion caused by 
periodic rainfall events on the steep north- to east-facing hiIlslopes locate in the northern 
and northeastern portions of the site. Mass wasting features such as slow flowage, rapid 
flowage, landslides, and subsidence were not identified on the site. 

5.2.4 Surface Hydrology 

The subject property is located in an uplands area of the Rocky Mountain Front Range. 
Overland sheet flow caused by brief periods of seasonal rainfall appears to have 
contributed to gully erosion on the northern and northeastern portions of the site. 
Otherwise, no other surface features, perennial and ephemeral streams, or rivulets are 
known to exist on the majority of the property. Fountain Creek is a perennial stream 
channel describing the northern property boundary. No other surface water features are 
known to exist on the site. The Fountain Creek drainage basin includes areas 
immediately to the west in the Rocky Mountain Front Range. The creek flows to the 
southeast in the site vicinity and it confluences with Monument Creek a distance of 
approximately one mile to the east of the subject property. Areas immediately adjacent 
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to Fountain Creek are located in Zone 'AE', an area where the base flood elevations have 
been determined within the I OO-year flood plain. Limited areas adjacent to Zone AE are 
designated Zone 'X', within the SOD-year flood hazard area (FEMA, 1997). 

Bear Creek is a smaller stream located approximately 1,800 feet offsite and to the south. 
It flows to the east-southeast in the site vicinity. No springs or seeps were observed on 
the subject property. 

5.2.5 Groundwater: Confined and Unconfined 

Based upon the site geotechnical investigation and other investigations performed at the 
site, shallow groundwater is present at the site. An unconfined shallow water table was 
encountered at the interface between the native soil profile and below the milled 
materials pile at a depth ranging from 20 to 129 feet below ground surface (bgs). 
Unconfined shallow groundwater was encountered in native soils at a depth of 15 to 37 
feet bgs at locations situated along the western site boundary and to the south of the site. 
The shallow unconfined water table adjacent to Fountain Creek was encountered at 10 
feet bgs. No groundwater was encountered in the shale underlying the site. The 
hydraulic gradient is assumed to flow to the north-northeast under the site. 

Artesian conditions were observed at a groundwater monitor well located southeast of the 
subject property. Review of the 1988 driller's logs indicates the well was completed to a 
total depth of 30 feet bgs, with slotted screen installed across a grayish-brown 'clayey 
sand' from 20 to 30 feet bgs. It is not known whether the artesian condition represents 
hydraulic conditions in the shallow water table or the hydrology of a localized bedrock 
sandstone lens underlying the shallow soils. 

With the exception of the areas adjacent to Fountain Creek, the shallow water table 
appears to be a finite system dependent on precipitation events. In the case of Fountain 
Creek soils, the coarse clastic nature of the soils may be prone to seasonal streamflow 
recharge. 
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6 
Seismicity 

6.1 Structural Features 

Structural features include joints, faults, shear zones, folds, schistocity, and foliation. 
With the exception of near-horizontal bedding displayed in samples collected from the 
underlying Pierre Fonnation sedimentary bedrock, no structural features were identified 
on the subject property. 

6.2 Tectonics and Seismicity 

Colorado has long been considered an area of low seismicity with only a minor potential 
for future earthquakes. Recent geological and geophysical investigations, however, have 
discovered several active faults that are capable of generating future damaging 
earthquakes and numerous other faults that are suspected of being potentially active. 
These investigations suggest Colorado is a moderately active earthquake area and in time 
larger earthquakes than yet have been experienced can occur (Kirkham and Rogers 
1981 ). 

Colorado can be divided into six distinct seismotectonic provinces based on the 
distribution and characteristics of Neogene faults, historic earthquakes, major structural 
and physiographic regions, and interpretation of earthquake potential (Kirkham and 
Rogers 1981). Designated provinces include the Rio Grande rift, eastern mountain, 
plains, western mountain, Uinta-Elkhead, and Colorado Plateau provinces. Many of the 
potentially active faults in these seismotectonic zones have moved during the Quaternary 
and several show evidence of late Quaternary and Holocene activity. 

The subject site is located in the eastern mountain province, which lies between the Rio 
Grande rift and the plains provinces. It includes the Front and Medicine Bow Ranges, 
Middle and South Parks, Wet Mountains, Wet Mountain Valley, and the east flanks of 
the Mosquito and Sangre de Cristo Ranges. Most of the faults in this province have 
Laramide, late Paleozoic, or even Precambrian ancestry (Tweto, 1979). Several of the 
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faults, particularly those in the southern and central parts of this province show 
considerable Neogene movement. A few of these faults have moved during the 
Quaternary. 

Ute Pass Fault (Eastern Mountains Province) 

Faulting of sedimentary rocks within the foothills to the west of the subject property and 
in the crystalline rock to the west of Colorado Springs is well documented. The Ute Pass 
Fault extends from the Front Range to the northwest and terminates in the foothills near 
Fort Carson to the south of the Colorado Springs metropoLitan area and the site. The 
southern end of the fault is characterized as a low-angie reverse fauit with dips as low as 
30 degrees. Northward, the fault steepens in dip and at Woodland Park the fault zone 
consists of several near-vertical faults which form a graben complex. 

Total displacement along the Ute Pass fault is reported to be a few thousand meters. The 
most recent mapping indicates Quaternary movement which displaced a block of Verdos 
Alluvium (Pleistocene) in a road cut located in the E/2 SE/4 sec. 25, Township 15 South, 
Range 67 West, approximately seven miles to the south of the subject property. 

Rampart Range Fault (Eastern Mountain Province) 

The Rampart Range Fault is a high-angle reverse fault that extends 50 kilometers north to 
south from Perry Park to Colorado Springs. Inferred mapping of the fault places its 
southern terminus in an area located approximately 0.60 miles to the northwest of the 
subject property (Trimble, et. aI., 1979). A minimum throw of 3,000 meters during the 
Cenozoic is indicated by juxtaposed strata along the well defined fault scrap. Quaternary 
movement on the Rampart Range fault has been described at a location approximately 12 
miles north-northwest of the subject property in the N/2 sec. 33, Township 12 South, 
Range 67 West. The fault trends N25W and a displacement of 7.6 meters in the Kansas 
or Yarmouth age gravels is described at that location. 

6.3 Ground Motion 

Ground motion refers to the shaking of the ground in response to an earthquake where the 
amplitude and duration of shaking are sufficient to damage engineered structures. 
Ground motion is usually described mathematically in terms of acceleration, which is 
commonly expressed as a percent or fraction of the acceleration due to gravity (g). The 
faults and fault zones described above are considered to have the potential to generate 
ground motion at the site. 
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A seismic risk map of the United States based on the expected ground shaking has been 
prepared by Algermissen and Perkins, 1976. This map has often been used as a guide for 
the design of low-risk structures such as single-family dwellings. Algermissen's map is 
widely used in a somewhat modified form by many building codes. On this map 
Colorado is entirely within seismic zone 1, a zone of low seismic risk in which 
earthquakes of intensity VI and smaller may occur. Several earthquakes of intensity VII 
have been recorded historically in Colorado and geological evidence suggests large 
earthquakes have happened in the recent past and are likely to recur in the future. The 
existing data indicates a need to design in accordance with seismic zone 2 in the U.B.C. 
scheme of seismic zonation for much of Colorado. Only the northeastern part of the state 
appears to be totallya~eptable for zane 1. 

Algermissen and Perkins (1976) presented a probabilistic map showing maximum 
expected rock accelerations in the contiguous United States for the next 50 years. The 
highest acceleration value assigned in Colorado was 0.07 g in the southwestern portion of 
the state. Unfortunately, very little information on Quaternary faulting was available to 
Algermissen and Perkins during report preparation and, their map, therefore, is primarily 
based on the historic earthquake record. Brazee (1976) constructed several maps using 
historical intensity data. These maps are valuable as general guides to historical 
intensities and could be used to crudely approximate expected earthquake intensities for 
designing low-risk structures. A minimum of 0.1 g horizontal acceleration should be 
used in design and safety analyses. 

Table 1 lists the seismotectonic provinces of Colorado that are considered potential 
seismogenic sources within a 60-mile radius of the site, their closest distance, and the 
highest maximum credible earthquake (MCE) anticipated for each of these provinces. 
An MCE is defined as the maximum earthquake that appears capable of occurring under 
the present seismotectonic conditions, and is based on empirical relationships between 
fault rupture length and magnitude, and historical seismicity. The MCE is used to 
estimate the potential for damage due to earthquake shaking. Calculated peak ground 
accelerations resulting from MCEs on the fault segments were calculated using the 
composite attenuation relationships of Joyner and Boore (1988) and Donovan and Becker 
(! 986) as updated by Da.lies & Moore's Dr. Neviiie Donovan. This relationship is the 
arithmetic mean of five commonly used, published, and unpublished attenuation 
relationships. The source to site distance (Table 1) used for the Donovan and Becker 
(1986) relationship is the closest distance between the mapped or inferred surface trace of 
the source fault and the site. 
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The Eastern Mountain Fault Zone, a splay of which is located at the site, has an MCE 
estimated to be a magnitude 6.0 to 6.75. This magnitude estimation was from published 
data by Kirkham and Rogers (1981). A magnitude 6.75 earthquake would be expected to 
generate a peak ground acceleration of approximately 0.6 at the site (Joyner and Boore. 
1988). The fault documentation reviewed did not specify which fault sections were 
capable of generating the above listed magnitudes. Therefore, as suggested by Brazee 
(1976), a minimum of 0.1 g horizontal should be used in design and safety analysis. The 
site is currently classified as located in UBC seismic zone 1. It is up to the structural 
engineer to design to UBC seismic zone 1 specifications, or seismic zone 2 as suggested 
above. 
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7 
Laboratory Analysis 

The laboratory testing program was conducted to estimate the relevant engineering 
properties of the existing soil. Bulk, ring and tube soil samples collected during the 
geotechnical field exploration were labeled and transported to a Dames & Moore 
geotechnical engineering laboratory for testing. Due to the large amount of geotechnical 
laboratory data results, only the type of laboratory test conducted have been listed below. 
Results of the laboratory analyses are presented in Appendix B. Summary of the testing 
results have been prepared and are provided in Tables 2 through 5. 

The following laboratory tests were conducted on selected soil samples: 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
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Moisture/density 

Gradation analysis 

Hydrometer analysis 

Atterberg limits 

Standard Proctor compaction 

Modified Proctor compaction 

Direct shear (unconsolidated undrained & consolidated drained) 

Specific gravity 

Consolidation 

Hydrocollapse 

Percent swell 

Pinhole dispersion 

Corrosion analysis (pH, resistivity, soluble sulfate) 
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8 
Engineering Analysis 

8.1 Mine Tailings Condition 

The mine tailings typically consisted of a yellowish brown to reddish brown silty sand 
and silt. These mine tailings varied in depth from 50 to 120 feet where measured in the 
borings. The mine tailings had various degrees of moisture content and densities. 
Moisture contents ranged from a low of 3 percent in some of the clean sand mine tailings 
to a high of 73 percent in the mine tailings composed of silt-sized particles. The degree 
of saturation also varied greatly within the mine tailing deposits from 8 to 100 percent. 
The average degree of saturation was 48 percent. Most of the silt-sized mine tailings 
developed a high degree of saturation. 

In-situ dry densities were considered to be low. The unit weights of the mine tailings 
ranged from a low of 60 pounds per cubic foot (pet) to a high of 100 pcf with the 
majority of the densities around the 80 pcf. One modified Proctor and one standard 
Proctor density tests were conducted on a composite sample of the mine tailings. The 
modified and standard Proctor values were then used as a generalized baseline for 
estimating the relative maximum density that the mine tailings could obtain. A percent 
compaction was then obtained by comparing the existing mine tailing densities to the 
modified and standard Proctor densities. The results show the mine tailings to be 
approximately 76 to 80 percent of the modified Proctor density, and 83 to 88 percent of 
the standard Proctor density. 

Based on the above analysis, the mine tailings appear to be loosely compacted and have 
high moisture contents. Table 2 lists the relative density information for soil samples 
collected and tested. 
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8.2 Expansive Soils 

Expansive clay soils were observed in borings B-7, B-15, B-20, B-24, B-25, and HA-l, at 
or near the surface. These clay soils are the result of the weathering and decomposition 
of the Pierre Fonnation and Razor-Midway Soils. The olive gray to reddish brown clay 
had a plasticity index range of 36 to 48. Load to prevent swell testing was conducted on 
select soil samples which required a load of 100 to 200 pounds per square foot (pst) to 
prevent swelling at the existing native moisture content at the time of sampling. Moisture 
contents of the clay soils when sampled for this testing ranged between 25 to 54 percent. 
Due to the high moisture content of the soils only limited expansion pressures were 
encountered. Large -moisture content variations in this clay will most-likely result in 
large volumetric changes. Precautions should be taken to minimize their impact. These 
precautions are discussed in Section 9.4.2. 

8.3 Bearing Capacity 

Bearing capacity values for the mine tailing deposits were evaluated based on a cohesion 
("c") value of 0 psf, and an average angle of internal friction ("4>") value of 32 degrees 
for the mine tailings with a bulk soil unit weight value of 104.8 pcf. A range of footing 
types, sizes and depths of embedment were analyzed. For a typical 3 foot by 3 foot 
spread footing, the existing soils will have a minimum allowable bearing capacity of 
3,300 psf. Typical continuous footings founded on the mine tailing deposits should have 
a minimum width of 24 inches. The exterior footings will require a minimum 
embedment depth of 36 inches beneath the surface to protect the structure from the 
actions of frost heave associated with ground freezing during the winter months. 

If foundation loading requirements exceed the bearing capacity of the surficial soils then 
drilled piers may be used. Drilled pier foundations analyzed for this study only 
considered the end bearing capacities; skin friction was neglected. Drilled piers with a 
minimum diameter of 24 inches and drilled a minimum of 15 feet bgs should develop 
allowable bearing capacities on the order of 19 tons per square foot. 

The above allowable bearing capacities assume that site settlement potential has been 
mitigated. The above analysis may need to be reduced to limit soil stresses to weaker soil 
strata that may produce potential settlements due to the increased soil stress. 

8.4 Lateral Earth Pressures 

The active and passive earth pressures using mine tailings as backfill material and 
assuming horizontal backfill on a smooth wall, were evaluated using Rankine's earth 

pressure theory. A "4>" value of32 degrees and a bulk unit weight of 112.3 pcffrom the 
laboratory compaction results (ASTM D 1557) were used in the analysis. The equivalent 
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8.5 

fluid active earth pressure was computed equal to 35 pcf and the equivalent fluid passive 
earth pressure was computed equal to 365 pcf. An at-rest equivalent fluid pressure of 53 
pcf was calculated. For the lateral resistance against sliding, a recommended coefficient 
of frictional resistance at the bottom of the footing is 0.3. The passive pressure 
component and frictional resistance may be increased by one-third when considering 
loads of a transient nature, such as wind or seismic loads. However, for both continuous 
and transient loading conditions, when considering combined resistance due to passive 
pressures and frictional resistance, the passive component should not be greater than 2/3 
of the combined resistance. No factors of safety were considered in these calculations. 

B.s.1 Settlement of Partially Saturated Soils 

The analysis performed on the samples recovered from the site were typical of the 
standard settlement analysis for geotechnical projects which is based on Terzaghi's one­
dimensional theory of consolidation. This theory, and the tests run in the laboratory to 
develop the analytical parameters, is based on a saturated soil mass. Assuming various 
types of loading conditions that we might anticipate for the site, we estimated settlements 
on the order less than one inch and up to seven inches in the deeper sections of the mine 
tailings. 

Some of the soils at the site, however, are not saturated, but rather are partially saturated 
containing both water and air in the pore spaces. Thus, Terzaghi's theory does not apply. 
The theoretical basis for assessing partially saturated soils is extremely complex 
involving parameters that are rarely if ever measured as part of a standard geotechnical 
engineering investigation. The process required to gather the needed data and perform 
the engineering analyses, that might lead to an approximation of the volume change of 
the soils under load, is difficult, time consuming and very expensive, bordering on 
performing a "research" project. The level of study for this project does not warrant such 
an investigation. 

It is recognized that the settlement of partially saturated soil is not as time-dependent as it 
is in saturated soils. The application of load to partially saturated soil generally creates 
larger instantaneous settlements but significantly smaller time-dependent settlements than 
one would experience with the same soil if it were saturated. Thus, for the Gold Hill 
Mesa site, where the soils are fine-grained, free-draining sands and fine silts, we 
anticipate that settlement under load would be fairly rapid occurring primarily while 
construction is underway. Settlement following construction would likely be fairly low 
and may be within tolerable limits of the types of structures planned. 
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Recognizing the potential pattern of settlement at Gold Hill Mesa, the most prudent way 
to assess the amount of volume change for a particular project is to perform full-scale 
field tests and measure the settlement in place. This approach by-passes the theoretical 
complexities and rigors of trying to analyze the behavior of a partially saturated soil 
mass, and provides more meaningful and realistic information on soil performance under 
load. 

There are two cost-effective methods for evaluating settlement at the site. The first is the 
Plate Load Test (PLT). The PLT applies load to the soil through a hydraulic jack system. 
The load is transferred to a steel plate or series of plates, and the settlement as a function 
of t6adis measured. From this data, the totiiTpotential settlement can be evaluated. 

The second approach is to install settlement platforms at the base of an earthen surcharge 
load. Using standard survey equipment, the settlement of the platforms is measured 
during construction of the surcharge and over time in order to evaluate the potential 
future settlement under similar loading conditions. Either or both of these evaluation 
techniques are recommended for the next geotechnical engineering investigation phase of 
the project. 

8.5.2 Hydrocollapse 

Hydrocollapse is settlement that occurs when a partially saturated soil is subjected to an 
increase in moisture content while subjected to significant overburden loads. Several 
hydrocollapse tests were run in the laboratory on selected silty soils loaded to existing 
overburden pressures and inundated with water. The test results indicate that the current 
soils do not appear to be prone to hydrocollapse. The laboratory testing showed only 
very small percentages ranging from .08 to .27 percent collapse. 

8.6 Slope Stability 

Slope stability analyses were conducted using a generalized profile of the mine tailings 
dam overlying the Pierre Formation. The analysis was conducted using soil strength 

parameters of a soil unit weight of 95 pcf, "c" of 0 psf and "cl>" 33 degrees. A slope of 2 
horizontal (H) to 1 vertical (V) and 2-1I2H:IV were.analyzed. Shallow and deep-seated 
rotational failures were analyzed for the slopes. 

The analyses of the existing slope were conducted through the use of a limit-equilibrium 
slope stability program (peST ABLESM). The analyses conducted showed the slope to 
be stable for static and pseudostatic conditions for 2-112: 1 slope, with the factors of safety 
provided in the table below. Pseudostatic (earthquake) loading conditions assumed a 
horizontal ground acceleration of 0.1 g. 
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Slope Stability Analysis 

,,·5;~f!t;·i=s'~'~';; ~~;;1~-/:!i~,:.'~. DeSCription ~c; .. ::. ....... . . . .. Factor of Safety 
.. ;.' .' 

. 

-Against Failure 
2:1 Slope 1.31 
2:1 Slope with 3,300 psf surcharge load 100 feet in length applied to 

1.31 
slope 20 feet from the crest 
2: I slope under seismic loading conditions 1.04 
2: I slope under seismic loading condition with 3,300 psf surcharge 

1.04 
load 100 feet in length applied to the slope 20 feet from the crest 
2:5 to I slope 1.63 
2.5 to I slope with 3,300 psf surcharge load 100 feet in length applied 

1.63 
to the slope 20reeL frorI'ftllecrest -

2.5 to I slope under seismic conditions 1.25 
2.5 to I slope under seismic loading conditions with 3,300 psf 
surcharge load 100 feet in length applied to the slope 20 feet from the 1.25 
crest 

A factor of safety of 1.5 is recommended for all permanent slopes and a factor of safety 
of 1.0 indicates that the slope is on the verge of potential movement. 

The above analysis suggests that construction on or influenced by slopes steeper than 2.5 
to 1 (H: V) will require slope stability enhancement such as removal and recompaction of 
fill slopes to form a buttress fill, the use of mechanically stabilized earth (MSE) walls or 
geotextiles, the construction of retaining walls, or other accepted techniques. 

The results assume subsurface conditions are as discussed in this report and that grading 
and earthwork procedures, if performed, provide the minimum soil strength parameters as 
stated above. Site specific slope stability analyses will be necessary once the types, 
locations, and loads of the proposed building structures are outlined. 

Any proposed buildings and settlement sensitive structures should be set back a minimum 
of 20 feet from the crest of the slope. Slope creep and lateral extension in fills are 
naturally occurring processes. Therefore, by not building near the crest of slopes, the 
effects are greatly reduced. However, recent studies on iaterai extension of fiii siopes 
have shown that downslope movements and related vertical displacement can extend 
back, at a declining magnitude, as far as the height of the fill slope. Thus, the 
construction of new large fill slopes is not recommended. 

8.7 Soil Erosion and Dispersion 

Soil erosion is visibly evident on the mine tailings dam slope face. Laboratory testing 
was conducted to evaluate the extent of the soils ability to resist dispersion which relates 
to how well a soil will be susceptible to erosion from water runoff. The laboratory 
procedures used included ASTM D 4221 and ASTM D 4647. The test data show the soil 
from the pinhole test to be classified as D 1 soil and the dispersions test gave dispersion 
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values ranging from 14 to 87 percent. These results indicate that the soil, when subjected 
to water runoff, will erode severely. Runoff and erosion should be controlled with 
properly engineered drainage and landscaping. 

8.8 Utilities 

The existing soil condition (mine tailings) will be suitable for the support of utilities 
across the site. Utility construction on areas that have received ground modifications 
should be installed in accordance with the local standards and specifications required by 
the City of ColoradouSprings. I Itilitiessupported-OIl unimprovOO--seiffi-shoold have the 
backfill soils an.d the utilities designed so that there is minimai increase in soil stresses 
(balancing the soil stress). This can be obtained through the use of recompacted backfill 
that is not significantly dense when compacted than the existing soils surrounding the 
utility. Due to the potential for differential settlement, utilities should be designed to 
have a degree of flexibility between the pipe sections and between any rigid structures. 

8.9 Fugitive Dust 

Due to the soils dispersive nature and easy erodability, typical grading procedure to 
control fugitive dust will need to be employed. This may include the use of water 
spraying construction equipment to moisten the exposed excavations and temporary 
construction roads to control construction generated dust. Keeping exposed excavation 
areas to a minimum would be beneficial. Following construction, fugitive dust problems 
can be minimized with proper groundcovers including landscaping, roofs, asphalt and 
concrete. Drainage control is also important since, by eliminating erosion, the fugitive 
dust is minimized. 

8.10 Corrosivity 

A useful factor in determining soil corrosivity is electrical resistivity, soluble sulfate 
content, and soil pH. The electrical resistivity of a soil is a measure of its resistance to 
the flow of electrical current. Corrosion of buried metal is an electrochemical process in 
which the amount of metal loss due to corrosion is directly proportional to the flow of 
electrical current (DC) from the metal into the soil. A low electrical resistivity (0 to 
1,000 ohm-centimeter) is caused by high moisture content and chemical content and 
indicates a corrosive soil. Dames & Moore's laboratory testing of the soil resistivity 
showed the soil resistivity to range from a high of 5,276 to a low of 78 ohm-em. The 
average resistivity was 1,977 ohm-em, which would indicate the soil is borderline 
corrosive to severely corrosive. 

Soil pH values ranges from 7.96 to 7.53 which indicate the soils are mildly alkaline. 
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Qualitative tests for sulfates showed soil water-soluble sulfate contents ranging from 
1,160 parts per million (ppm) to 62.400 ppm. These test results would indicate a soil that 
is a severe to very severe corrosive environment. 

The information contained in this section is not intended to replace the professional 
opinion of an experienced corrosion engineering specialist. A corrosion engineer should 
be consulted to further evaluate the soils corrosion potential for each specific structure. 

8.11 Modulus of Subgrade Reaction 

The modulus of subgrade reaction is a relationship between soil pressure and deflection 
that is widely used in the structural analysis of foundation members. Based on an 
allowable bearing capacity of 3,300 psf, the modulus of subgrade reaction was evaluated 
to be 118 kcf (1,000 pounds per cubic foot) based on a settlement of 1 inch. 

8.12 Liquefaction 

Due to the absence of groundwater near the surface and the low potential ground 
accelerations estimated by Brazee (1976) for the area, it is Dames & Moore's opinion 
that the potential for significant structural distress due to liquefaction occurring during a 
seismic event is low. This translates to a low probability of volume reduction under the 
ground accelerations generated by local earthquakes. 
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DAMES & MOORE 
A DAMES c!. MOORE GROUP COMPANY 

9 
Discussion, Conclusions, 

And Recommendations 

9.1 General 

It is our opinion that the site is suitable for future development if consideration is given to 
the on-site geotechnical conditions discussed in this report and the subsequent 
investigations to quantifiably analyze the potential settlement of the mine tailings. 

9.2 Subsurface Conditions 

Our understanding of the subsurface conditions at the site is based on the findings of our 
field investigation and laboratory testing, and our understanding of the general geology of 
the area. 

Subsurface conditions were investigated by drilling 21 borings labeled B-5 to B-26, to 
depths ranging from 6 to 133.5 feet bgs. The results of this investigation indicate that 
hydraulically placed mine tailings were deposited over the majority of the project site. 
Tne fiii soiis vary in depth with the greatest amount of fill being located along the eastern 
portion of the property. These fill soils overlay native formational deposits consisting of 
the Pierre Formation, an olive gray silty clay. The existing soil conditions would be 
classified as an S4 soil by the Uniform Building Code (UBC) 1997 edition. 

The soils have been classified in accordance with the Unified Soil Classification System. 
An index table with its major divisions, graphic and letter symbols, and typicai 
descriptions has been provided in Appendix A. Field classifications, as well as other 
pertinent data for specific boring locations, are provided on the attached boring logs. 
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9.3 Usable Area 

The site is suitable for building; however, attention to the potential settlements of the 
mine tailings must be addressed. Most of the Gold Hill Mesa property is acceptable for 
normal construction practices and building methods commonly used over soft or loose 
soils, and that are currently anticipated for the site. Two areas were noticed that most 
likely will require additional ground modification or deep foundations. These areas 
overlay what once were water entrapment ponds during previous mining process 
applications. For reference we have attached an aerial photograph with these locations 
outlined. The subsurface silty sands andsil~s in these areas were e;(tremely loose and soft 
with the silt showing a high dilatancy, which is common with mine tailings (rock flour). 
Since the mine tailings in the two pond areas are very soft, these soils may undergo a 
decrease in volume during loading as the water is forced out of the soil matrix. 

9.4 Ground Modification 

9.4.1 Site Preparation 

Site preparation will need to be perfonned on a site to site basis depending on the type of 
structure proposed. The majority of the site that lies on mine tailings may need some 
ground modification to limit the potential settlements at the site. Several forms of ground 
modifications are applicable to the site and are described below. No cost comparison 
data is provided due to the limited scope of this report and lack of information pertaining 
to type, size, loading requirements, and location of proposed structures. 

9.4.2 Soil Stress Balancing 

Settlements are generally caused by building foundation systems which increase the soil 
stress past the soils maximum historical stress level. Balancing the soil stress and 
foundation loading is accomplished by excavating a calculated amount of soil overburden 
(such as a basement or removing 10 feet of overburden) and subtracting the weight of the 
soil from the foundation pressure to reduce the net increase in foundation pressure to 
within the maximum historical stresses the soil has been subjected. 

The proposed site will require the site specific geotechnical investigation to evaluate the 
depth of removal required and the settlement potential at the proposed site. 

9.4.3 Surcharge Loading 

Surcharge loading would require imposing load onto the existing mine tailings equal to or 
greater than the anticipated structures load or as needed to eliminate detrimental 
settlement, usually by stockpiling soil to a specified depth over the area of concern. 
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Settlements are then monitored by surveying to evaluate the magnitude and rate of 
movement. Surcharging accelerates the settlement of mine tailings, reducing future 
settlement under the applied loads of the structure to tolerable levels. Typically, the 
induced settlement can be accelerated by the installation of vertical sand or wick drains. 
This is accomplished by drilling holes in the mine tailings and installing the drain system 
prior to placing the soil surcharge load. This drainage system helps relieve the pore water 
stresses that build up in the soil due to the surcharge loading. This in tum allows the 
stress to dissipate more readily causing the site to settle more rapidly. This method 
usually is very cost-effective solution, but sufficient time needs to be set aside to achieve 
the desired results. However, with the soils that we encountered at the site, the time 
requiTea to achieve the desired results are anticipated to be of relatively short duration. 

9.4.4 Vibrodensification 

Vibrodensification is a patented process in which a vibrating probe is sunk with the aid of 
water or air jets through the mine tailings to be densified. As the equipment is being 
withdrawn gravel is being added at the surface to occupy the volume of the depression 
resulting from the densification. Prior to conducting the work, the engineer provides the 
contractor with the desired ground densification targets and works with the contractor to 
develop a spacing pattern. After conduction of the work, the site is allowed to sit for a 
desired period of time to allow soil stresses to dissipate before testing is perfonned to 
verify that the desired results were obtained. This method is relatively quick and can be 
perfonned fairly inexpensively if only those areas beneath structures that require 
densification are modified. 

9.4.5 Deep Dynamic Compaction 

Deep Dynamic Compaction (DOC) is the process of densifying soil deposits that are 
loose or soft through the use of a crane which lifts a large weight to a specified height and 
then releases the weight. The weight falls to the earth densifying the subsurface soils. 
The process is relatively fast compared to surcharge loading but will most likely be more 
expensive. Like the other methods discussed, test sections win need to be conducted to 
detennine the spacing of the weight drops and height. Before and after geotechnical 
evaluations will need to be conducted to validate the results. 

9.4.6 Removal and Recompaction of Expansive Soils 

If construction is planned directiy on the Pierre Fonnation, then the potential effects of 
expansion must be addressed. A minimum of 3 feet of the weathered Pierre Fonnation 
clays under the entire building pad to a minimum lateral distance of 5 feet out from the 
edge of the pads wiii need to be removed and replaced with granular non-expansive fill. 
After removal of the top 3 feet, the bottom of the excavation should be moisture 
conditioned to a minimum of 2 to 4 percent over the optimum moisture content and 
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recompacted to 95 percent of the moisture density curve for the clay as determined by 
ASTM D- I 557. If the existing moisture content of the clay is found to have seasonal 
fluctuations greater than 3 feet below the ground surface, than deeper over-excavations 
may be required to minimize their expansive nature. 

9.4.7 Chemical Treatment of Expansive Soils 

Depending on the cost of removal of the expansive soils and importing granular fill 
replacement, chemical stabilization of clay soils may be cost effective. Two generally 
accepted methods of chemical stabilization oLexpansive clays are cement or lime 
treatment. Both methods act on the physical chemistry of the soil-water system, which 
reduces the amount of soil expansion. Site-specific geotechnical investigations that 
evaluate the expansive soil conditions impact on the type of structure will be required to 
determine what the most beneficial options are to deal with the near surface expansive 
soils located along the perimeter of the property. 

9.5 Typical Grading Procedures 

After evaluating and implementing any needed ground modification efforts, site clearing 
and grabbing should extend either 5 feet laterally beyond the envelope of the proposed 
structure or a lateral distance to include the zone of influence of the footings, which is 
defined as a 1: 1 plane extending down and away from the base of the proposed footing or 
to the base of the excavation, whichever is greater. Locally deeper removals may be 
necessary if unsuitable materials are exposed during grading. 

Mine tailing soils as observed in the boring logs should be easily excavated. No large 
cobbles or boulders were encountered in the mine tailings and, thus, standard excavating 
equipment should be able to accomplish the needed earth moving. 

Minor surficial grading, consisting of over-excavating and recompacting the on-site soils 
to 95 percent of the modified Proctor density at near-optimum moisture content in 
accordance with ASTM D 1557 will most-likely be necessary for structural backfill and 
90 percent for non-structural backfill. The depth of over-excavation and recompaction 
will need to be determined by the requirements of the proposed structure. 

To increase the stability of temporary excavations and reduce the potential for damage or 
failure within such an excavation, it is recommended that the excavation of any trench be 
such that temporary vertical excavations exposing fill or native formational deposits are 
constructed to a maximum of 5 feet in height and laid back at a 1: 1 gradient for slopes 
greater than 5 feet in height. Construction equipment or excavation spoils should not be 
stored or placed adjacent to the excavation above a 1: 1 projection from the bottom of the 
excavation. 
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We recommend that temporary excavations for the construction of structures be suitably 
supported in accordance with local building code requirements. The responsibility for 
temporary excavation support and safety should rest with the contractor. 

9.6 Building Foundations 

A combination of spread footings or drilled piers may be used to carry all structural 
loads. Shallow foundations may be used to support proposed structures that do not 
exceed the bearing capacity of the soils and are within tolerable settlement limits. Since 
graunci mogificatiQULWill change the density and affect--the-wH-str{!~arilmeters, the 
data for footings is only preliminary. Sizing and reinforcing recommendations for 
footings should be provided by a structural engineer. Under no conditions should 
concrete be placed on loose and/or frozen soil or other deleterious materials. All footing 
excavations and drilled piers should be observed by a geotechnical engineer. 

If the building footprint or any other structure should encounter a cut-fill transition line, 
special grading procedures may be necessary. Typical recommendations include the 
over-excavation of the fill soils and recompaction to form a more uniform soil condition 
beneath the footings and concrete slabs-on-grade, or extending footings down to the same 
bearing stratum. 

The bearing value may be increased by one-third when considering loads of short 
duration including wind and seismic forces. Foundation design and construction should 
conform to the criteria presented in the latest edition of the Uniform Building Code. 

9.7 Retaining Walls 

9.7 .1 Foundations 

Foundations for retaining walls founded in compacted engineered fill or in the underlying 
mine tailings will most likely be governed by the overturning moment. The bearing 
capacity of the soil beneath the retaining wall will be as stated in section 8.3. The 
bearing value may be increased by one-third when considering loads of short duration 
including wind and seismic forces. Foundation design and construction should conform 
to the criteria presented in the latest edition of the Uniform Building Code. 

9.7.2 Passive Pressure and Frictional Resistance 

A foundation system may be designed for passive lateral earth pressures of 365 psf per 
foot of depth. A coefficient of friction against sliding between concrete and soil of 0.3 
may be used. When combining passive pressure and frictional resistance, the passive 
pressure component should not exceed 2/3 of the total resistance. 
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9.7.3 Wall Pressures and Drainage 

The equivalent fluid pressure parameters presented herein assume that nonexpansive, 
free-draining, granular backfill will be used behind retaining walls. This granular backfill 
should be at a 0.5:1 projection up and out from the heel of the wall. 

Building walls extending to below grade should be either waterproofed or damp-proofed, 
depending on the degree of moisture protection desired, as provided by the project 
architect. Site grading should be such that surface water drains away from buildings and 
behind retaining walls in a controlled manner to an approved point of discharge. 

9.7.4 Cantilever Walls 

Active earth pressures may be used for cantilever retaining walls up to 12 feet high 
provided the top of the wall is not restrained from minor deflections. An equivalent fluid 
pressure approach may be used to compute the horizontal pressure against the wall. A 
design equivalent fluid pressure of 35 pcf can be used for walls with level surface slopes. 
These pressures assume that granular, non-expansive materials will be used behind the 
wall, but do not include other superimposed loading conditions such as traffic, structures, 
seismic events or adverse geologic conditions. 

9.7.5 Wall Backfill Drainage 

All retaining walls should be provided with an adequate pipe and gravel backdrain 
system, having at least two outlets, to prevent a buildup of hydrostatic pressures. Gravel 
in the backdrain systems should be a minimum of one square foot per lineal foot of wall 
and should consist of3/8- to I-inch diameter clean crushed rock wrapped in Mirafi 140N, 
non-woven filter fabric, or equivalent. Either the surface of the backfill should be sealed 
by pavement, or the top 24 inches should be compacted with native soil. Proper surface 
drainage should also be provided. 

Retaining wall backfill should be compacted to 90% of its maximum dry density as 
detennined by ASTM D1557. 

9.7.6 Restrained Walls 

Retaining walls that will be restrained prior to placing and compacting backfill, and walls 
that have male or reentrant corners, should be designed for an at-rest equivalent fluid 
pressure of 53 pcf plus any applicable surcharge loading. For areas of male of reentrant 
corners, the restrained wall design should extend a minimum distance of twice the height 
of the wall laterally from the corner. 
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9.7.7 Factors of Safety 

The values presented above, with the exception of the allowable bearing pressure, do not 
include a factor of safety. Appropriate factors of safety should be incorporated into the 
structural design to prevent walls from overturning and sliding. 

9.7.8 Highly Expansive Soils 

The design parameters provided above assume that non-expansive soils are used to 
backfiUany retaining wails. If-expansive soils ate used to backfillbenind retainingwalfs, 
increased active and at-rest earth pressures will be required for design. 

9.8 Siabs-on-Grade 

It is our opinion that reinforced concrete slab-on-grade floors can be used for the 
proposed construction. Specific grading requirements wiIl need to be prepared prior to 
construction and are not provided herein. Post-tensional slabs may be advisable in areas 
where soil expansion or differential settlement is anticipated. 

Slabs should rest on a capillary break blanket of clean, coarse sand at least 4 inches thick. 
This blanket material should have 100 percent of its particles passing the 14-inch screen, 
no more than 10 percent passing the No. 16 sieve, and no more than 5 percent passing the 
No. 200 sieve. 

A moisture barrier, such as polyethylene sheeting, should be placed on top of the 
capillary break wherever moisture-sensitive floor covering is planned. An additional 2-
inch thick layer of clean sand should be placed over the polyethylene sheeting to allow 
the concrete to properly cure and protect the plastic sheeting. 

Due to the potential fill settlement, the use of more closer spaced control joints and 
additionai steei reinforcing should be considered to minimize and help control cracking 
or floor slab displacements due to the various depth of undocumented fill at the project 
site. 

9.9 Frost Penetration 

Foundation systems and utilities to be constructed at the project site will need to be 
located below the frost penetration zone, which currently requires a minimum 
embedment below the ground surface of 36 inches. This does not apply to interior 
footings in heated spaces which can be located directly beneath the slab. The embedment 
depth and freeze protection for utilities should be conducted in accordance with the local 
building codes. 
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9.10 Sulfate Attack and Corrosion Potential 

To evaluate the sulfate attack and corrosion potential of the existing soil at the project 
site, water-soluble sulfate, resistivity, and pH tests were performed on representative 
samples of the mine tailings that may be in direct contact with utilities and foundations. 
The results of these laboratory tests show the existing soil to have low resistivity and high 
soluble sulfate content and may be classified as severe to very severe corrosive to 
concrete and steel. The laboratory tests results indicate that special corrosion 
requirements will most likely be necessary. A corrosion engineer should be consulted to 
further analyze what protective measures wiiI be re'l-uired. 

9.11 Pavement Sections 

No preliminary pavement analysis was conducted for the site. Pavement sections will 
need to be designed based on the traffic volumes and types of vehicles that each 
particular area will have to accommodate. The site should be acceptable for the 
construction of rigid and flexible pavement structures. In areas where ground 
modification to limit settlements is not cost efficient, flexible pavements should be used 
to minimize the impact of localized differential settlements. 

9.12 Drainage Considerations 

Adequate surface drainage provisions should be made to drain water away from 
excavations. Site grading should be performed in a manner that rain or surface water is 
directed away from structures. Positive site drainage should be maintained at all times. 
Water should not be aJlowed to pond or seep into the ground near pavement sections or 
building foundations. If planters or landscaping are located adjacent to paved areas, 
measures should be taken to minimize the potential for water to enter the pavement 
section. 

Drainage provisions that will limit sheet flow over the face of the mine taiiing siopes 
should be provided as well as landscaping to minimize soil erosion. 
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10 
General· Conditions· 

Dames & Moore's services are performed, within the limitations imposed by the firm's 
clients, using the degree of care and skill ordinarily exercised under similar 
circumstances by reputable engineers and geologists practicing in this locality. No other 
warranty or representation, either express or implied, is made as to the findings and 
professional advice in this report. 

The findings in this report are believed to describe site conditions to the extent practical 
given the scope of the investigation. However, this investigation, like all such 
investigations, can directly explore subsurface conditions at only a few isolated locations 
within the site. Soil and geologic conditions can vary greatly from place to place, and 
different conditions may be found during subsequent investigations or project 
construction. Any such changed conditions should be brought promptly to 
Dames & Moore's attention for evaluation. Changes to the conclusions and 
recommendations, and to any designs based on them, may be needed if changed 
conditions are discovered. 

The conclusions and recommendations presented in this report were developed 
specifically for this project and do not necessarily apply to any other site or project. If 
the nature of the project changes significantly from that described in this report, 
Dames & Moore should be contacted to confirm the validity of these conclusions and 
recommendations. 

The condition of a site can change with the passage of time, either due to natural 
processes or to the works of man on this or adjacent properties. In addition, changes to 
the applicable laws, regulations, codes and standards of practice may occur because of 
governmental action and the broadening of knowledge. The findings of this report may 
be invalidated wholly or in part by such changes, over which Dames & Moore has no 
control. If more than two years have passed since the date of issue for this report, the 
report should be reviewed by Dames & Moore to check the validity of the conclusions in 
light of possible changes. 
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11 
Summary -

Several geotechnical conditions were found that will need to be addressed prior to the 
construction of any proposed development at the subject site as it is currently envisaged. 
This report was prepared as a geotechnical feasibility study and is not intended to be used 
for design of potential development. The recommendations presented in this report are 
for the purpose of estimating if the present site is developable. 

Based on our finding the existing site soils may still be experiencing some settling under 
the existing overburden pressure or will settle under any reasonable foundation loading 
which will increase the soil stresses. Future development may require the removal and 
recompaction of site soils or ground improvement measures to limit the potential site 
settlements. Ground modification such as surcharge loading, vibrofloatation or other 
ground stabilizing measures may be necessary. Ground stabilizing techniques have been 
employed for many years and are becoming more widely used, as land becomes less 
available and more expensive. 

The project site, after any required ground modification, should prove suitable for the 
proposed development. Minor grading will be required with localized over-excavation 
and recompaction, as needed. The slope stability of the existing soil slopes is stable 
against deep and shallow seated slope failures for the 2.5 H to 1 V slopes. The slope 
stability also indicates that if steeper slopes are planned, slope stabilizing mechanisms 
will be necessary. Tests conducted on the mine tailing deposits show that the soil will be 
very erodible and corrosive to concrete and steel. 

Site utilities, once any needed ground modification has been completed, will be easy to 
excavate and install in the mine tailings. Grading activities should be able to use standard 
construction equipment to excavate and recompact the mine tailings. Soil corrosion 
potential will require special attention by a corrosion engineer for any ferrous metals and 
concrete placed in direct contact with the soil. 

soc 001 - H62.doc 29 GEOTECHNICAL INVESTIGATION 



DAMES & MOORE 
A DAMES &. MOORE GROUP COMPANY 

12 
References 

Algennissen, S.T., and Perkins, D.M., 1976. A probablistic estimate of maximum 
acceleration in rock in the contiguous United States: U.S. Geol. Survey open-file 
report 76-416, 45p. 

ASTM, 1993. Annual Book of ASTM Standards, section 4, Soil and Rock; dimension 
Stone; Geosynthetics. 

Braja M. Das, 1990, Principles of Foundation Engineering Second edition. 

Braja M. Das, 1990, Principles of Geotechnical Engineering Second edition. 

Brazee, R.J., 1976, Final report - An analysis of earthquake intensities, with respect to 
attenuation, magnitude, and rate of recurrence - Revised edition: Nat. Oceanic 
Atmospheric Admin. Tech. Memo. EDS NGSDC-2, 53 p. 

City of Colorado Springs (CSP), 1997, Zoning Map Book, prepared by Planning 
Development and Finance Department. 

Donovan, N .c., and Becker A.M., 1986. Response spectra for building design: 
Proceeding of the Third U.S. National Conference on Earthquake Engineering, 
Charleston South Caroling, August 24-27, v. 2, chapter 6, pp. 1153-1163. 

Federal Emergency Management Agency, 1997. 

Joyner, W.E., and D.M. Boore, 1988. Measurement characterization, and prediction of 
strong ground motion in J.L. Von Thin (ed.), Earthquake Engineering and Soil 
Dynamics 11- Recent Advances in Ground-Motion Evaluation, American Society 
ofCiviI Engineers, Geotechnical Special Publication No. 20, p. 43-102. 

J. R. Engineering, Ltd. Site Survey, 1999. Site Boring Location Survey for Dames & 
Moore. 

Kirk.&1aiTi, R.M. ana Kogers, w.1'., 198 L Earthquake Potential in Colorado - A 
Preliminary Evaluation: Colorado Geological Survey open-file report 78-3. 

SDO 001 • H62.doc 31 GEOTECHNICAl INVESTIGATION 



Moore, G.W., 1981. Plate Perimeters and Motion Vectors. in Drummond. K.J .. 
Chairman, Plate-Tectonic Map of the Circum-Pacific Region, Am Assoc. Petro. 
Geo!. I: 1 0,000,000. 

National Oceanic and Atmospheric Administration (NOAA), National Geophysical Data 
Center, Earthquake Data File, Boulder, Colorado, 1991. 

Schroeder W.L., 1984. Soils in Construction Third Edition. 

Spangier M.G. and Handy R.L., 1973, Soil Engineering, Third Edition. 

Trimble, D.E, 1975.GeoJogic MapGftrn: Niwet-¥aEiraRgie, BouhierCounty, Calorado: 
U.S. Geol. Survey Geob-Quad. Map GQ-i229. 

Tweto, Ogden, 1979b, Geologic map of Colorado: U.S. Geo!. Survey Special Map . 

.. 

SDO 001 • H62.DOC 32 GEOTECHNICAL INVESTIGATION 





DAMES & MOORE 
A DAMES &. MOORE GROUP COMPANY 

FIGURES 



r 
r 
r 
r 
r 
f 
I 

r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
I 

r 
r 

a> • -0 
n 
0 
0> 

t;: 
;<1 
0 
0 
./ 
n 
0 
0 
./ 

" if} 
0 
<Xl 
n 

f 
'0' 
0: 

3 
-<: 
(f) 

1i!! ..... 1fii____ SITE BOUNDARY UNE 

o 2000 

6---..... I 
Scale in Feel 

DAMES & MOORE 
GROUP A DAMES B. MOORE GROUP COMPANY 

Site Vicinity Map 
Gold Hill Mesa Property 

Colorado Springs, Colorado 
Gold Hi. Mesa JV, LLC 

D&M Job No. 38057- 003- 035 

REFERENCE: GEOLOGIC MAP OF THE COLORADO SPRINGS-CASTLE ROCK AREA, FRONT RANGE URBAN CORRIDOR, 
COLORADO DEPARTMENT OF THE INTERIOR UNITED STATES GEOLOGIC SURVEY, 1969. 

FIGURE 1 



r 
r 
r 
r 
r 

-f--
I 

r 
r 
r 
r 
r 
r 
r 
r 
r 
r 

'" , 
-0 
N 

r 0 
en 

[;: 

I '" 0 
0 

r:; 
0 
0 
/ 

r " '" a 
<Xl 

'" ~ 
1l 
'e-
o. 

r I 

6 
<: 
III 

I~--l POST-PINEY CREEK AND PINEY CREEK 
I Or ALLUVIUM (UPPER HOLOCENE) 

Kp 

[ Ypp 

t:Y 
GROUP 

COllUVIUM (UPPER HOLOCENE) 

lANDSUDE DEPOSITS 
(HOLOCENE TO MIDDLE PLEISTOCENE) 

'.OUVIERS AllUVIUM (UPPER PLEISTOCENE) 

I"..RODS ALLUVIUM (PLE,ol'OCENE) 

ROCKY F1.ATS ,lllUVIUM (PLEISTOCENE) 

PIERRE SHAll: (UPPER CRETACEOUS) 

FOUNTNN FORMATION (LOWER pmMIAN TO 
MIOOUE PENNsYLVANIAN) 

J PIKF.5 PE"lJ< GRANrIT (PRECAMBRIAN y) 

DAMES & MOORE 
A DAMES & MOORE GROUP COMPANY 

5000 0 

HE3d 

SCALE ): 100,000 

5000 

I 
IO,?W 

CQNTO'JR INlERVtL \O{I rEO 
DOTTED lI~ REPRESENT 50-FOOT ComCURS 
NATIONAL GtOO£T]C 'ltRflCAL DA1UI.; OF 1929 

Geologic Site Vicinity Map 
Gold Hill Mesa Property 

Colorado Springs, Colorado 
Gold Hill Mesa JV, LLC 

D&M Job No. 38057-003- 035 

REFERENCE: GEOLOGIC MAP OF THE COLORADO SPRINGS-CASTLE ROCK AREA, FRONT RANGE URBAN CORRIDOR, 

COLORADO DEPARTMENT OF THE INTERIOR UNITED STATES GEOLOGIC SURVEY, 1969, 

15,000 20,000 

I ===-d 

FIGURE 2 



.----~ ---------------~--------------- --- -------~--~-.. ---~----.... --- ---------------._-- ----- ------ ---

, -: ___ .. _____ J ----l 

leo 0 100 2CO 
Ft::.ET 

~, , -[ I ' 

i . '_. :: -, -; i ,', r: 1·- ;- r 

,'. , , " 

/ 
/ 

/ 
/ ' ,~ 

-'0/-

! . ' 

-~:r 

/ 
/ 

/ 
-¥ 

,_ I .-

--- -----

/ 

/ 
/ 

r+­,j)-

----------

-';r 
, .f.. 

-tp-

-+ 

6-
, 

, 
$-, 

-0-

, , 

_ ,J, 

-
, , 

-4-, 
, 

-0-
, 

Gold Hill Mesa 
Colorado Spl'ings, Colorado 

D&M Job No. 38057-003-035 

-------~---------------------- -------------~- ---------------------- --.. _-----

--- ------ , --_._-j 

-
- --

---

BORING LOCATION 

PLOT PLAN 

FIGURE 3 

- ... -~, & ' '0 C) -c)-,--­
DAi'/\ r~S_ !-/" _ iI_I: 

------ -------------

'I 
I 

! 
I , 



A 

OUNTAIN CREEK ./' 

./ 

~
p 

ALLUVIUM 

C /' 

p /' 

-

./ 

8-6 

HORIZONTAL SCALE: 1" = 200' 

VERTICAL SCALE 1" 40' 

SM 

SP 

ML 

SM 

CLAYSTONE eEDROCK> 5r 
8-11 

,/'(PROJECTED WES~ 

51.< 

SP ./ 

./ 
./ 

./ 
./ 

:!t----GLAYSTONE BEDROCK 

~8-8 

5M 

ML 

SM 

SP 

ML 

/ 

FILL 

/ 
/ 

/ 

CH BEDROCK 

8-/7 

(PROJECTED WEST) 

Gold Hill Mesa 

SM 

P 

SILTY SAND 

/ 
/ 

M/ 
ML 

/ 
SHALE BEDROCK 

Colorado Springs, Colorado 
D&M Job No. 35775~003-035 

/ 
/ 

-/ 

Sill ___ --CLAYSTONE BEDROCK 

8-Z5 

\ 

Geologic Cross Section 
Figure 4 

A-A' 

I§] ?~~~~~ORE 



• i co 

~. 

l , 

B 
~. 

CLAYSTONE BEDROCK 

\ 
\ 

CL (SLIME) 

CL 

8-4 -----
(PROJECTED SOUTH) -----

HORIZONTAL SCALE: 1" = 200' 

VERTICAL SCALE: 1" 40' 

SM 

ML 

SP 
SM 

ML 

FILL 

--- -- -----
8-21 

SHALE BEDROCK 

Gold Hill Mesa 
Colorado Springs, Colorado 

D&M Job No. 35775~003-035 

ML 

ML/SM 

SP 

SM/ML 

ML 

---­CS---' 

CLAYSTONE BEDROCK~ 

/"" 8-23 

/"" 
/"" 

.-/' 

~LAYSTONE BEDROCK 
8-22 

8' 
8200' 

8180' 

8160' 

8OSO' 

Geologic Cross Section 
Figure 5 

8-8' 

I~I?~~~~ORE 



,,-, 

" U 
I 

C 

) 

HORIZONTAL SCAl£:: 1" = 200' 

VERTICAL SCALE 1" 40' 

B-12 DATA MISSING 

ML 
SM 

SP SP 

SM SP/ML 

SP 
SP 

SP/ML 

SM/ ML 
SP 

SM 

SP 
SP 

r 1-
8-13 

8-14 

/ 
/ 

/ 
/ 

SM 
ML ML 

SP FILL 

SP/ SM SM 
SP ------ML ---

CL ---
( CLAYSTONE BEDROCK 

SM/B-22 

SM 

/ 
L 

/o;r~(------jclLAYSTONE BEDROCK 
/8-3 

/ (PROJECTED WEST) 

ML / 

CL / 

/",-T~(------jCLAYSTONE BEDROCK 
8-2 

(PROJECTED WEST) 

Gold Hill Mesa 
Colorado Springs, Colorado 

D&M Job No. 35775~003-035 

~ 

---------------------

C' 

8240' 

8220' 

8200' 

8180' 

8160' 

81040' 

8120' 

8100' 

8080' 

IIS06O' 

Geologic Cross Section 

Figure 6 
C-C' 

I§:I ?~.::~~c;0RE 



o 

'" "'- FILL 

"'- JCL 

"'-- CONe. 

CLAYSTONE--7. 
BEDROCK "'-

8-8 

"'-
'" 

HORIZONTAL SCALE: 1" = 200' 

VERTICAL SCALE: 1" 40' 
• I C 

~' 

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

""-
"'--

"'--
SP 

"'--
"'-­ SP/ML FILL 

"- SP 
CLAYSTONE/SHALE BEDROCK--7. 

8-8 '----
'----

'-...... 
'-..... 

'-....... 
'---­CLAYSTONE/SHALE BEDROCK~ 

8-9 

Gold Hill Mesa 
Colorado Springs, Colorado 

D&M Job No. 35775-003-035 

0' 

6120' 

6100' 

8080' 

6060' 
SM 

ML 

6020' 

6000' 

5980' 

Geologic Cross Section 
Figure 7 
0-0' 

I~I ?~!:,:~~ORE 



------------",._ .. ------------.-------------r-'------.,........,..--'--'--'-.~'-.~. _ ... _. ___ .~.~'"~_~._P __ ._'~·w·w<'.· ... __ p.~'_'M'""'W·_·_ ',"-

/ 
I , 

o :co 

~ -=----

~ r _, - " 
: =.: ) 

2eo 
FEET 

/" 
! 

, 

,,", 
I 

, , 

, , 
--,~ 

/ 

"~ , 'f}jJ/ 

--- .-' 

I 

I 

',-~ 

/ 
J 

( 

, 
'. i 

", 

I 
'\ 
, 
'" 

I 
, 

• 

.­,-

-------
• 

..--- -, 
/ 

-- \' .... 

" ' 

'0 ' 

\ 
........ 

, 
" ' 

/ 

'J 

, , 

, , 
, , 

, ,\ 

-- ... - - . ,......-::' ... --- --'" 

~- , 
/ 

I ' 

.' .~ 

" , r ,I 

I r 
\ 
'. 

Gold Mesal 
'Springs, Colorado 

38057~003-035 

Colorado, 
D&M Job No. 

/ 

/ 
I, 

/ " / 

;I ' 
i " , , 

, , 

, I 
, 

~ 
I' 
If 
, , 
, , 

r, 

h , , 

\, 

) 
" , 

\ \. '/ "f/jl'!f 7 '-..... '1,/:: 'II , 

\,'i{«( 
) (:' %1..", 

( '{I'\' 

I " :IV!"" , , ( " , I /, "-../ 
\ f' I I 

v' (',J 

r' 
, 

GEOLOGIC CROSS- SECTION 

LOCATIONS 

FIGURE 8 





DAMES & MOORE 
A DAMES & MOORE GROUP COMPANY 

TABLES 



TABLEt 

ESTIMATED EARTHQUAKE MAGNITUDES 
AND ASSOCIATED PEAK GROUND ACCELERATIONS 

Southern Rio Grande Rift Subprovince 

Eastern Mountain Province (Rampart 
Range Ute Pass Faults) 

Plains Province 

Notes: 

• 
1 Modified from Anderson. et al., 1989 
2 Magnitude-MaximumCredible Earthquake 
3 Distances from Kirkham and Rogers 1981. 

6.5 to 7.5 

6 to 6.75 

5.5 to 6 

4 Richter Magnitudes from Kirkham and Rogers, 1981 

0.023 - 0.16 

0.466- 0.21 

0.105 - 0.08 

5 Peak Ground Acceleration - Based on the Dames & Moore Program ACCEL 
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TABLE 2 

GOLD HILL MESA 

Soil Condition 

Generalized 
Sample Sample Depth Wet Density :-.toisture Conten Dry Density Saturation 

Boring % Compaction A\·g. Compaction 

1\0. (Ft.) (pcf) ("!o) (pcf) AST~I D \557 AST .... I D 698 (%) for Tailings ("!o) 

BI4 I 5.5 106.0 21.21% 87.5 83.6 90.7 58% 
B08 I 5.5 106.2 30.34% 81.5 77.9 84.5 73% 
B09 I 5.5 1028 10.05% 93.4 89.3 96.9 32% 
B21 I 5.5 90.8 24.43% 73.0 69.8 757 48% 
B22 I 5.5 120A 36.73% 88.1 84.2 91.3 

78.6/85.3 
103% 

.. B\.9- 1 55 lO2.'6 16.28% '88'.2 84.4 91.5 46% 
BID 1 5.5 102.1 69.54'io 60.2 57.6 62.5 101% 
B26 I 5.5 105.5 37.28% 76.9 735 79.7 81% 
B24 I 5.5 116.7 31.14% 89.0 85.1 92.3 89% 
B13 I 5.5 89.8 6.55% 84.3 80.6 87A 17% 

B08 2 10.5 92.1 6.96% 86.1 82.3 89.3 19% 
B06 3 10.5 129.0 1207% 115.1 nla nla 63% 
B09 2 10.5 101.0 30.13% 77.6 74.2 80.5 66% 
BI7 2 10.5 94.2 6.86% 88.2 84.3 91.4 19% 
B23 2 10.5 119.0 8.87% 109.3 nla nla 

78.9/85.6 
40% 

B22 2 10.5 95A 36.04% 70.1 67.0 72.7 67% 
Bll 2 10.5 100.0 35.81% 73.6 70,4 76A 72% 
B26 2 10.5 103.5 2409% 83,4 79.7 86.5 61% 
B24 2 10.5 120.1 1903% 100.9 96.5 104.7 71% 
B13 2 10.5 97.8 22.01% 80.2 76.6 83.2 51% 

BI4 2 16.5 100.7 34.20% 75.0 71.7 77.8 71% 
B09 3 15.5 91.4 16.77% 78.3 74.8 81.2 38% 
BI7 3 15.5 99.0 14.93% 86.1 82,4 89,4 40% 
B22 3 IS.5 91.1 3.80% 87.8 83.9 91.0 11% 
B07 3 IS.5 127.0 19.4S% 106.3 nla nla 78.2/84.8 82% 
B19 3 IS.5 86.4 7.80% 80.1 76.6 83.1 18% 
B08 3 IS.5 91.1 2.92% 88.S 84.6 91.8 8% 
B13 3 IS.5 104.0 3S.71% 76.6 73.3 79.5 77% 
B24 3 15.5 12S.8 27.00% 99.1 nla nla 97% 

B14 4 20.5 93.1 6.81% 87.2 83.3 90.4 19% 
B22 4 20.5 102.4 IS.07% 89.0 85.1 92.3 43% 
B07 4 20.5 128.7 21.9S% IOS.5 nla nla 91% 
BII 4 20.5 100.2 49.64% 67.0 64.0 69.5 76.8/83.4 85% 
B19 4 20.5 89.6 7.98% 83.0 79.3 86.1 20% 
BI3 4 20.5 9S.6 8.21% 88.3 84.5 91.6 23% 
B08 4 20.5 lO2.0 50.00% 68.0 65.0 70.S 88% 

BI4 5 2S.5 94.9 6.49% 89.1 85.2 92.4 19% 
BOS 5 2S.5 118.2 31.80% 89.7 85.7 93.0 92% 
B17 5 2S.5 90.3 14.S9% 78.8 75.3 81.7 33% 
B22 S 2S.5 100.4 3S.57% 74.1 70.8 76.8 

79.8/86.5 
72% 

BIO S 2S.5 lO2.8 S3.79% 66.8 63.9 69.3 92% 
BII S 2S.5 96.3 7.28% 89.8 85.8 93.1 21% 
BI9 5 2S.5 92.7 S.67% 87.7 83.9 91.0 16% 
B13 S 25.5 94.4 3.11% 91.6 87.5 95.0 9% 



TABLE 2 

GOLD HILL MESA 

Soil Condition 

Generalized 
Sample Sample Depth Wet Density ;\Ioisture Con ten Dry Density Saturation 

Boring % Compaction A\'g. Compaction 

f';o. (Ft.) (pcn ("/0) (pcn ASTM 01557 ASTM 0 698 (%) for Tailings (%) 

BI4 6 30.5 93.6 7.57% 870 83.2 90.3 21% 
B21 6 30.5 95.6 32.80% 720 68.8 74.7 64~'O 

B22 6 30.5 104. I 40.13% 74.3 71 0 77. I 78.4/85.1 82% 
BII 6 30.5 93.8 800% 86.9 83.0 90.1 22% 
BI9 6 30.5 84.9 5.53% 80.5 76.9 83.5 13% 
IH3 6 30.5 to{}5 9.1\tWo- -lfJ:S- -ST4 94.9 30% 
B14 7 35.5 980 9.92% 8'1.2 852 92.5 28% 
BI7 7 35.5 95.7 21.71% 78.6 75.2 81.6 49% 
B22 7 35.5 103.6 14.30% 90.6 86.7 94.0 

82.6/89.6 42% 
BII 7 35.5 90.7 5.94% 85.6 81.8 88.8 16% 
B08 7 35.5 119.6 26.72% 94.4 nla nla 86% 
BI3 7 35.5 94.8 7.96% 87.8 83.9 91 I 22% 
BI4 8 40.5 98.0 8.89% 90.0 86.0 93.4 26% 
B22 8 40.5 104.1 46.73% 70.9 67.8 73.6 88% 
BII 8 40.5 94.2 6.93% 88.1 84.2 91.4 81.8/88.8 19% 
BI9 8 40.5 93.1 4.01% 89.5 85.6 92.9 12% 
BI3 8 40.5 94.5 5.93% 89.2 85.3 92.5 17% 
BI4 9 45.5 96.8 10.29% 87.8 83.9 91.0 29% 
B22 9 45.5 106.3 58.81% 66.9 64.0 69.4 101% 
BIO 9 45.5 127.5 22.37% 104.2 nla nla 81/87.8 90% 
BII 9 45.5 117.2 30.85% 89.6 85.6 92.9 89% 
BI9 9 45.5 91.6 5.23% 87.0 83.2 90.3 14% 
BI3 9 45.5 97.9 6.29% 92.1 88.1 95.5 19% 
BI7 10 50.5 107.4 34.70% 79.7 76.2 82.7 80% 
B22 10 50.5 114.1 23.04% 92.7 nla nla 82.8/89.9 72% 
BI3 10 50.5 97.9 4.64% 93.6 89.4 97.1 15% 
BI4 II 55.5 94.7 5.27% 90.0 86.0 93.3 15% 
BI7 II 55.5 100.7 52.65% 66.0 63.1 68.4 

77.3/83.8 88% 
BI3 II 55.5 97.1 6.57% 91.1 87.1 94.5 20% 
BII II 55.5 1038 36.08% 76.3 72.9 79.1 77% 
BI4 12 60.5 98.3 7.11% 91.8 87.7 95.2 22% 
BI7 12 60.5 100.6 32.10% 76.2 72.8 79.0 68% 
BII 12 60.5 102.6 34.55% 76.3 72.9 79.1 81.5/88.5 74% 
BI3 12 60.5 97.5 6.85% 91.2 87.2 94.7 21% 
BI9 12 60.5 95.2 4.73% 90.9 86.9 94.3 14% 
BI4 13 65.5 95.9 12.32% 85.4 81.6 88.6 32% 
BI7 13 65.5 98.0 12.94% 86.8 830 900 35% 
BII 13 65.5 108.4 44.38% 75.1 718 77.9 81.9/88.8 92% 
BI3 13 65.5 100.7 7.10% 94.0 89.9 97.5 23% 
BI9 13 65.5 92.9 6.64% 87.1 83.3 90.4 18% 
BI4 14 70.5 97.2 6.18% 91.5 87.5 95.0 19% 
BI7 14 70.5 104.1 25.08% 83.2 79.6 86.3 63% 
Bll 14 70.5 90.6 49.57% 60.6 57.9 62.8 76.9/83.5 73% 
B19 14 70.5 127.6 22.71% 104.0 nla nla 91% 
B13 14 70.5 93.3 7.76% 86.6 82.8 89.8 21% 



TABLE 2 

GOLD HILL :'\lESA 

Soil Condition 

Generalized 
Sample Sample Depth 

Boring 
Wet Density Moisture Con ten Dry Density Saturation 

% Compaction ihg. Compaction 

~o. (Ft.) (pcf) (%) (pcf) AST~ D 1557 ASTM D 693 (%) for Tailings (%) 

BI4 15 75.5 96.0 8.46% 88.5 846 91.8 24% 

BI7 15 75.5 108.3 31.65% 82.3 78.6 85.3 83.8/90.9 
78% 

BII 15 75.5 119.0 24.30% 95.7 nfa nJa 81% 
BI3 15 75.5 97.5 5.74% 92.2 882 95.7 18% 

BI4 16 80.5 87.7 7.63% 81.5 77.9 84.5 18% 
. %17 I tr - . 80.5 114.1 34.05% &S~T' &[4 88.3 .. -81:S~:4 &9% 

813 ' L 
OA ~ 963 8.0970 89. i 85.2 92.4 23% JU oV.J 

BI4 17 85.5 99.4 73.15% 57.4 54.9 59.6 99% 
BI7 17 85.5 109.4 57.89% 69.3 66.2 71.9 60.2/65.3 105% 
BI3 17 85.5 87.1 40.17% 62.1 59.4 64.5 61% 

BI3 18 90.5 103.4 22.16% 84.6 80.9 87.8 80.9/87.8 57% 

BI7 19 95.5 114.1 45.31% 78.5 75.1 81.5 73179.2 102% 
BI3 19 95.5 108.8 46.70% 74.2 70.9 76.9 95% 

BI4 20 100.5 107.8 41.44% 76.2 72.9 79.1 72.9179.1 89% 
BI7 20 100.5 122.2 27.67% 95.7 nJa nJa 92% 

BI4 21 105.5 103.8 46.74% 70.7 67.6 73.4 73.5179.8 88% 
BI3 21 105.5 108.0 3002% 83.1 79.4 86.2 75% 

B14 22 1]0.5 98.8 16.93% 84.5 80.8 87.7 82.1189.1 
44% 

BI3 22 110.5 93.1 6.73% 87.2 83.4 90.5 18% 

BI4 23 115.5 106.3 17.26% 90.7 86.7 94.0 95.31103.4 51% 
BI3 23 115.5 121.0 11.36% 108.7 103.9 112.7 51% 

BI4 24 120.5 98.8 8.19% 91.3 87.3 94.7 82.6/89.6 
25% 

BI3 24 120.5 86.5 6.24% 81.4 77.8 84.5 15% 

B14 25 125.5 98.8 16.95% 84.5 80.8 87.6 80.8/87.6 44% 



Boring 
Sample 

Test 
No. 

B05 I Cll 

B05 2 Cll 

B05 6 cd 
B05 6 Cll 

BOg 5 cd 
B08 5 Cll 

B09 4 cd 
B09 7 cd 
BIO 2 cd 
BI0 2 Cll 

BIO 7 cd 
Bll 1 cd 
Bll 3 cd 
Bll 10 cd 
BII 10 Cll 

Bll 20 cd 
B13 20 Cll 

B14 3 cd 
B14 10 cd 
B19 2 cd 
B19 7 cd 
B19 11 cd 
B21 10 cd 

Lengend: 
cd - Consolidated drained 

cu - Consolidated undrained 

i-initial 

f - final 

Depth 
(Ft.) 

5.5 
10.5 
30.0 
30.0 
25.0 
25.0 
20.5 
40.5 
10.0 
10.0 
35.5 
5.5 
15.5 
50.0 
50.0 
100.0 
100.0 
15.5 
50.5 
10.5 
35.5 
55.5 
62.5 

TABLE 3 

Gold Hill Mesa 
Shear Strength Data 

Internal angle of friction Cohesion Wet Density (i) Wet Density (f) 

~ (Psf) (Pcf) (Pcf) 

14 480 97.6 121.2 
36 0 96.2 I I 1.8 
25 100 115.7 118.3 

27 500 110.9 112.4 
37.5 (} 101.7 118.8 -

35 100 101.3 109.7 
34 100 103.5 108.3 
20 550 121.9 127.7 
32 0 89.6 110.0 
34 0 111.9 119.8 
35 0 108.2 115.8 
59 0 103.1 115.9 
28 0 85.9 109.9 
34 0 95.9 114.5 
32 740 93.9 115.2 
35 0 85.1 109.2 
29 0 91.5 117.4 
30 0 90.1 113.8 
36 0 95.4 121.0 
28 600 95.5 112.3 
34 0 89.4 115.6 
35 0 94.2 121.8 
18 1900 124.6 128.8 



TABLE 4 
Specific Gravity 

ASTM D 854 

Boring Sample Depth Specific Gravity 
No. (Ft.) 

B05 2 5.5 2.86 
B05 3 15.5 2.97 
B05 6 30.0 2.84 
B08 5 25.0 2.71 
809 4 20.5 2.91 
uno '7 Af"I '" ') '"70 
<JV/ I ..... v.-' ~./o 

B 10 2 10.0 2.75 
B 11 10 50.0 2.84 
B13 19 100.5 2.82 
B14 18 90.5 3.00 
B14 19 95.5 2.87 
B21 4 20.5 2.83 
B21 10 62.5 2.89 

Average Specific Gravity 2.85 

TABLE 5 

Dispersion and Pin Hole Test Results 
ASTM D 4221 and 4647 

Boring Sample Depth 
Dispersion Classification 

(%) Pin Hole Test 

B05 1 5.5 14 Dl 

B05 3 15.5 14 Dl 
B09 4 20.5 16 DI 

Bl0 2 10 40 Non-Plastic 

B17 1 5.5 87 Dl 

Legend: 
D-1 to D-2 Dispersive 

ND4 to N03 Itennediate 

ND2 to NO! Nondispersive 



TABLE 6 

Soil Analytical Testing 

Boring Sample Depth Resistivity (ohm-em) Sulfate (ppm) pH 

B05 1 5.5 2,413 1,160 7.96 
B05 3 15.5 5,276 ._5,}~0 7.94 
BOY 4 20.5 1,248 6;640 --
BIO 2 10 870 7,270 7.53 
BI7 1 5.5 78 62,400 --

Soil Resistivity Corrolation Soluble Sulfate Corrolation 
Soil Resistivity 

Corrosivity Category 
Sulfate In Water 

( ohms-centimeter) (ppm) 

0- 1000 Severely Corrosive over 10000 (Very Severe) 
1000 - 2000 Corrosive 1500 - 10000 (Severe) 
2000 -10000 Moderately Corrosive 150 - 1500 (Moderate) 
over 10000 Mildly Corrosive 0-150 (Negligible) 





DAMES & MOORE 
A DAMES & MOORE GROUP COMPANY 

APPENDIX A 

FIELD INVESTIGATIONS 



I 
I r 

COARSE 

GRAINED 

SOILS 

MORE THAN 50% OF 
MATERIAL IS LARGER 
THAN NO. 200SlEVE 

SIZE 

FINE 

GRAINED 

SOILS 

MORE THAN 50% OF 
MATERIAL IS 

StvlALLER THAN NO. 
200 SiEVE SiZE 

GRAPHIC LEITER 
MAJOR D1VISIO~S SYMBOL SYMBOL TYPICAL DESCRIPTIONS 

GRAVEL 

AND 

GRAVELLY SOILS 

(MORE THAN 50% OF 
COARSE FRACTION 
RETAINED ON NO.4 
-----siEVE) 

SAND 

AND 

SANDY SOILS 

(MORE THAN 50% OF 
COARSE FRACTION 

PASSING NO.4 SIEVE) 

SILTS 

AND 

CLJWS 

HIGHLY ORGANIC SOILS 

, B 'too '" , I . '" .. , '"", 
CLEAN GRAVELS ~~ .... I .... . 

I 

(lI"l:LE OR NO F,NES) 

..... _---

GRAVELS WITH FINES 

(APPRECIABLE 
~MOUNTOf FINESi 

GW I 
WELL GRADED GRAVELS, GRAVEL­
SAND MIXTURES, LITTLE OR NO 

! FINES . 

--1- POO~~~GRADE~RA VELS ;~~EL--
GP ~. SAND MIXTURES, UTILE OR NO 

FINES 
--- ----.. -~ _.--._-----------_.-

GM 
1 SfL TY GRAVELS, GR~VEL~S/~,;\JD-SILT I MIXTURES. 

--t:~YEY-:RAVELS,-:~AVE~~~~ID--
GC - ~ CLt.:AyMtXTURES. - -

I 
-P'-'C'.'"""'~.~~'1------------ , ------------.. - ----.--

CLEAN SAND 

(Li TTL" OR NO FINES) 

SANDS WITH FINES 

(APPRECIABLE 
AMOUNT OF FINES) 

LIQUID LIMIT 
LESS THAN 50 % 

LIQUID LIMiT 
GREATER THAN 50 % 

SW 
WELL-GRADED SANDS, GRAVELLY 

, SANDS, LITTLE OR NO FINES 
i --.----- i -----------

SP 

.• J 

SM 

POORLY-GRADED SANDS, GRAVEL~Y 
SANDS, LITTLE OR NO FINES. 

SILTY SANDS, SAND-SILT MIXTURES. 

Ih'Yh"""MW.,.y;';!-------·-----+ -- -----------.-------. 

SC 

ML 

CL 

OL 

MH 

CH 

OH 

PT 

CLAYEY SANDS, SAND-CLAY 
MIXTURES 

INORGANIC SILTS AND VERY FINE 
SANDS, ROCK FLOUR, SILTY OR 
CLAYEY FINE SANDS OR CLAYEY 

i SILTS WITH SLIGhT PLASTICITY. 

INORGANIC CLAYS OF LOW TO 
MEDIUM PLASTICITY, GRAVELLY 
CLAYS, SANDY CLAYS, SILTY CLAYS, 
LEAN CLAYS 

ORGANIC Sll.TS AND ORGANIC SILTY 
CLAYS OF LOW PLASTICITf 

INORGANIC SILTS, MICACEOUS OR 
DIATOMACEOUS FINE SAND OR SILlY 
SOILS. 

INORGANIC CLAYS OF HIGH 
PLASTICITf, FAT CLAYS. 

ORGANIC CLAYS OF MEDIUM TO HIGH 
PLASTICITY, ORGANIC SILTS. 

PEAT, HUMUS, SWAMP SOILS WITH 
HIGH ORGANIC CONTENTS. 

NOTE: DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS. 

UNIFIED SOIL CLASSIFICATION SYSTEM 

DAMES & MOORE 



DATE(S) DRILLED: 

FEBRUARY 25, 1999 

DRILLING METHOD: 

HOLLOW STEM AUGER 

DRILL RIG TYPE: 

CME 75 

HAMMeR DATA: 

DRILLING CONTRACTOR: 

SITE SERVICES, INC. 

DRILL BIT SIZE/TYPE: 

I S· DIAMETER HOLLOW STEM AUGER 

I I SAMPLING METHODS: 

! D&M TYPE 'U· OR SHELBY TUBE 

BORING B~5 

SHEET 1 OF 2 

1 
I , 

! 
! 
i 
I 
I 
i 
! 

I 
----1 

I 

I 
D&M JOB NO: 

140 POUND AUTOMATIC HAM:\lER. 30 INCH DROP 38057·- 003 - 035 
. _________ ~_L__.. __ , I TOTAL DEPTH DRILLED: 

! 33 FEET I 
APPROXIMATE GROUNDWATER DEPTH: 

GROUNDWATER NOT ENCOUNTERED 

BILL POLIVKA 

j £HE£KEDBV; 

I STEVE MCCULLOUGH 

·--------..:..t -~-R-.g-U-N-~ -SmtUCE llEYAITQ.N~"--"·-··==l 
, , I 6 06B.2 FEET ! 

---- -1- .-~- . -- - ~~----------- .-- - ----- -- ---- ----
I "-------- ---------- ---- ------ - - ... __ .-._----_. __ .-

I 

, 
I i i 

SAMPLE I I i 
I i 

, 
I r-- ,-- - .- -----------~-

! 

, ! I Cl t 
.0::: 

I 
UJ , 

~ifia::: Ix: a: U,l1x: w IJ)Z IJ)W w~ IJ):I:~ -' ww w> ... w "':1: "-w :I: > :1:0 ,,-'" "-Ii: 3:UQ. 
,;:"- U'" UU I ~~ ! ~~ 

OZ';: 
I ;:;~ za: zw ....... et 
i .... 0 ... a: COIOIJ) 

U 18 18 1 5.5 ·2 
4 
4 

~ 

U 18 18 2 10.5 3 
4 
6 

rrg 

U 18 15 3 15.5 2 
2 
6 
@! 

5T 30 0 4 20 -

DAMES & MOORE 

----, -.. - , , 
I i , 

I i :~ 01- :I: 
! 

I ~ I U,lZUl' DESCRIPTION iw a 

!S~3: Ul 

~ 
<n 

a: \!I Z : a: ~ et O w .;:) 
::1>-' wz :I: o~ Iii!!! u"'''' 102 .... I IJ) ... 

5&1i:! "-~ u .... >w "'"'Z 
::IlL wt I IJ) 0 13~ ~8 w Ul' Zo 0 .... ::I Ul , --

Surface conditions Weeds and grasses 

0 
ML Sandy SILT. light yellowish red, poony graded. very 

fine grain. soft, loose, slightly moist. 

; 

I 
I 

I 

5 
1 6 , 
2 

I 
i I 

2 , 
§l II 

I 
I 
I I 

10 SM Silty SAND, light yellowish red, poorly graded, very 79.3 16.1 
2 6 
2 

fine to fine grain, soft moderately leose, slightly 

3 
moist. 

I§ 

.. 
15 

1 6 
ML Sandy 51L T, reddish brown, poorly graded. 

1 
alternating -2' stratified layers, very fi~e grain. 

3 
meistiwe! in silt layers. 

81 I 
I 

I 

- -- 20 No recovery, wet silt 
, 

I 

I , 

o '" aLONS ?ER ;:OOT CF O~VER SA,I,.f)LE'R 

U = :A.'wES \. !'oCRE TiP!: USA~.'PLErt 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

ST'" ~~l.ayruaE 

SOOOOI-HC 



DA7E(S) DRILLED: 

FEBRUARY 9,1999 

DRILLING CONTRACTOR: I 
SITE SERVICES, INC ---l 

BORING B-6 
DRILLING METHOD: DRILL BIT SIZE/TYPE: 

HOLLOW STEM AUGER 8' DIAMETER HOLLOW STEM AUGER 

SHEET 1 OF 1 
DRILL RIG TYPE: 

CME 75 

SAMPLING METHODS: 

! i 
0&1'.1 TYPE ·U' OR SHC:LBY TUBE ' _____________ I~ _____ ---"------,--~ 

HAMMER DATA: D&M JOB NO: 

L" 
1 4 J P 0 U N D AUT 0 tv"" TIC H M"l MER, 3 0 INC H D R 0 P 38057 - 003 - 035 

i APPROXIMATE GR.OUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

i 
_ j .PREPARED BY; 

MICHELLE FLINT/SILL POLiVKA 

SAMPLE 

0 ~ t w 
~:n~ 0:: 0:: W~ w InZ InW w~ .... Ww W> .... w .... :r: t/):r:~ 

"-w :z::> :r:O ,,-<0 "-I- :=UO-

~~ U'" UU ~~ ~~ 
oZ::;:: 

zO:: ZW ........ q; 
... 0 .... 0:: allOlIl 

U 18 17 0.5 6 
9 
9 

[§j 

U 18 10 2 5,5 10 
25 
28 

~ 

U 18 15 3 10,5 11 
53 
22 
IB 

u 7 '" 4 22.5 29 
21/1" 

illiTI 

DAMES & MOORE 

12 5 FEET 23 1 FEET 

j C H E C K ~-;-'-;'~;=-~-- GROUND SURFACE ELEVATION: 
----1 

-- ----+-

I SIEVE MCCULLOUGH 6,010.3 

01-WZUl 
~W~ ~(g Ci!o ::J> .... Wz :z:: 
U ... ca aI ... l-

~ Sot: :E~ Q. ~ 
::Ju.. wli: Will ZO O~ 

0 
6 

(DISn 

S 
4 

(DIST) 

10 
6 

'0 
'oJ 

20 

3 

t/) 
U 
III 
::l 

---~----, 

DESCRIPTION 

Surface conditions: Sparse vegetation (weeds) 

Reddish brown, fine to medium grained SAND, 
loose, slightly moist with trace of interbedded 
grayish-yellow clay. 

Brown to dark brown silty fine SAND, medium dense, 
slightly mcist with some black mottling and organics, 

Yeilowish red gravelly medium to coarse S,';ND, with 
clay, medium dense, moist; gravel is fine to coarse, 

Grades dense, moist to wet, with embedded thin 
layer (6" thick) of brown sandy clay with fine gravel, 

Yellowish red sandy GRAVEL with ::abbles, very 
dense, wet 

Encountered cobbles (17 feet). 

Pierre Formation: Shale, greenish-gray to clive gray 
high plasticity, s!ightly moist, mOOerately strong, 
I weathered, 

The bering was completed at 23.1 feet. 

115,1 12,1 

C" eL~.~PE..I:t<:OCTO=OF!'~?~LER" 
u ,,~.s.~RETYP'EUs.A.VP'~:P. 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

51" S).£Uff TUSE 

I 



DATE(S) DRILLED: DRILLING CONTRACTOR: 

MARCH 3. 1999 SITE SERVICES. INC 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 

HOLLOW STEM AUGER 8' DIAMETER HOLLo\"/ STEM AUG:::R 

I SHEET 1 OF 'I I DRILL RIG TYPE: SAMPLING METHODS: 

I CME 75 
~----.--.. - .. -

D&M TYPE ·U' OR SHELBY TUBE 

I HAMMER DATA: ! D&M JOB NO: 

L 140 POUND AUTOMATIC HAMMER, 30 INC._H_D_R_O_P __ . ______ ._. 

I APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

I GROUNDWATER NOT ENCOUNTERED 

38057 - 003 - 035 

21 4 FEET 

I 
PREPARED BY: CHECKED BY: I 

1 
GROUND SURFACE ELEVATION: 

I 
. .1-

6,1066 FEET 8 iL L ..... .-. r "/1/ " 
r'ULJ V r\.!"'\ STEVE MCCULLOUGH 

DESCRIPTION 

Suliace conditions' Sparse vegetation 

o 
Silty SAND, 

U '18 15 5.5 7 3.5 6 
5 

CLAY (fill). olive gray low plasticay. medium stiff. 
'10 5 with 3/4" angular gravel. slightly moist. 
18 9 

~ [!] 

U 4 3 2 10.5 45/4' 
10 

No recovery: Concrete fill- stuck in shoe. no 
sample, 

Concrete 10 - 13,5 ieet 

10 
15 

U 18 13 3 15.5 5 5 
Claystone fill - olive gray. S\iff. slightly moist, 106.3 

22 11 
30 15 

appears fairly unweathered !:lut bedding in shale is 

~ ~ 
vertical. 

Stiffer augering - possible native bedrcclc - - - - - - - - -
20 Pierre Formation: Claystone bedrock - alive gray. 105,5 

U 16 10 4 20,5 16 very stiff. slightly meist to dry, thin 1 mm 
43 cartxmaceous black s~ iron tri stain, rorizantal 

50/4" bedding, 

~ 

The bOring was at 21.4 ieet. 

195 

I 
21.9 

C ;:. Bl::\VS ~::R F':CT CF ORl\t:R S'O' ... -F:...::R 

u '" OA!'.-£S!o~RE1YPEuSAA!Ft=R 

. DAMES & MOORE 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

SOO~t -1!C 



DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 25,1999 SITE SERVICES, INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING 8-8 

HOLLOW STEM AUGER 8' DIAMETER HOLLOW STEM AUGER 

SHEET 1 OF 2 
DRILL RIG TYPE: SAMPLING METHODS: 

CMt:: 75 D&M TYPE 'U' OR SHELBY TUBE 

HAMMER DATA: 

40 POUND .""UTOMAT!C HAMMER 30 INCH DROP 

APPROXIMATe GROUNDWATER DEPTH: 

GROUNDWATER NOT ENCOUNTERED 

j CHE~ED ~'L. 1 PRIOP~RED-;-;;----'-----'-'--'----'-­
I I BILL POL:VKA I STEVE MCCULLOUGi-i 

U 18 

U 18 

U 18 

U 18 

Q 
tu 
c:: 

<J)tu 
tu> 
:%:0 
UU z:tu 
.... 0:: 

18 

17 

16 

17 

SAMPLE 

5.5 3 
'4 
5 

~ 

2 10.5 2 
5 
7 

II?l 

3 15.5 5 
6 
6 

~ 

4 20.5 3 
2 
4 

S 

I ---, 

i 
I 

o 

5 
2 6 
2 
3 

~ 

10 
1 6 
3 
4 
[?j 

'0 
1-' 

3 6 
3 
3 

~ 

20 
2 6 

ML 1 
2 
§ 

D&M )06 NO: 

33057 - 0)3 - 035 

TOTAL DEPTH DRILLED: 

365 FEET 

GROUND SURFACE ELEVATION: 

0,0769 FEET 

DESCRIPT!ON 

-------, --" .-------- --,,, --, -' 
Surface concitions: Cxxxxxx. silts, weeds, concre1e 
rubble 

SILT with sand, light yellow brown, poorly graded, 
very fine to fine grain, slightly moist, soft, loose 

SAND, yellowish redlred brown, poor gradir,g, fine to 
coarse grain, angular to subround, veri soft, loose, 
slightly moist 

SAND, as above, grading down to ft~e-rnedium 
grsin, slightly moist. 

SILT, light reddish brown, a~ernating stratified ;;and 
layers, veri fine to nne grain, subround to 
subangular on coarser material, moist/wet in silt 
layers 

81.4 30.3 

86,1 6,9 

88.5 2.92 

68 50 

o :; :=l':M'S ?E.~::QCi Cf OR!\i";.R SA.W'..ER 

U " cA. ... es!l. \'CRE iYPE USA .... PI..::R 

DAMES & MOORE 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

ST" sre:!..aY ruee: 



DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 25, 1999 SITE SERVICES, INC 

DRILLING METHOD: DRILL BIT SIZE/TYP!:: 
BORING 8-8 

HOLLOW STEM AUGER 8" DIAMETER HOLLOW STEM AUG ER 

SHEET 2 OF 2 
DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 D&M TYPE "U' OR SHELBY TUBE 

HAMMER DATA: D&M JOB NO: 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 3305"1 - 003 - 035 

i APPROXIMATE GROUNDWATER DEPTH: 

._-------_._-------: 
I TOTAL DE?TH DRILLED: 

I 
I GROUNDWATER NOT ENCOUNTERED 
~------------·----·--------I----

-~--P-R£PAR.ED BY~ --'. I CHECKED. BY: 

._._ .. ___ .... _ .. ~ ____ . _____ 3~~ .. FEE T ______ ~ 
I GROUND SURFACE ELEVATION: i 
1 t" 

i ____ .. ~'~!~'::_F_E~~__l I BILL POLIVKA I STi.:Vi.: MCCULLOUGH 

SAMPLE 

~, ,~::o:: I !t. D.l{lO:: S~:> o::~ : I ~ ~ ~1-
-- :--- -T--;r----r·-:T

1 

ffi--l'i ~ ~~~ i it DESCRIPTION ~ ",-t-

~ i ffl~ ffl~! ~~ 11~:r: g!:r:~ ::1:>9 ~z :r: I ! ~ ; ~~ ~I-ffi 
~~ :r::>':r:O, D.~ 0.1- ,..uo. u ... a:\I:EO! li:~ I ~ i -' VI 

~~ i ~~ ~~J ~~ lJ~ 1~~~ 5g~1 ~~-_~~J .. ~ I, ", ~l'T"J.---.-.- , .. _. _. _________ .. _____ +i_~_~_'_~_S_4 
ML I I 111111 illllj SILT, pushed soft, moist on top and bottom (received 812125,5 

ST 30 26 5 25 

u 18 15 6 30,5 4 2 
8 4 
io 5 

llli ~ 

U 18 12 7 35 5 3 
16 8 
26 13 

~ ~ 

25 

30 SP 4 
(DISn 

6 35 .. 

CH 

40 

45 

I II' II II Ii! 26" in sample, missing 2" on top and bottom), 

I I 'I ! I 

II I I II 
Iliil ,I ,I 

,I 
" 

,:1;1111;:1 I! 
w.~ 

I 

SAND, yellowish red, poorty graded, very fine to fine 
grain, subanguiar to angular, moist, soft. 

Pierre Formation: Bedrock claystone/shale, olive 
gray, soft to stiff, Slight plasticity in upper sample, 
moist gradin~ to dry 

Boring completed at 36,5 feet. 

26.7 

o ,. 3l0NS r'ER r:c'OT a= ORl,'IER aA-Yf'L.;R 

U " ~'ES & '-'CRE iYPE U SA~L:'R. 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

51:: SI-8.8Y ruSE 

I 
I 

I 

SOOOOI-I~ 



DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 9, 1999 SITE SERVICES INC. 

'

DRILLING METHOD: DRILL BIT SIZE/TYPE: 

HOLLOW STEM AUGER 8' DIAMETER HOLLOW STEM AUGER 

r------------------------------------r------------------------------~ I DRIll RIG TYPE: 
SHEET 1 OF 2 

SAMPLING METHODS: 

! CME 75 D&M TYPE ·U· OR SHELBY TUBE 

~-AMMER DATA: 
i 

D&M JOB NO: 

! 14,} POUND AUTOMATIC H,AMMER 30 INCH DROP 33057 - 003 - 035 

APPROXIMATE GROUNDWATER DEPTH: 
----------

TOTAL DEPTH DRILLED: 
.------1 

GROUND'NATER NOT ENCOUNTERED 46 ~EET 

.PREPARED B.Yl 

u 

U 

U 

U 

MICHELLE FLINT/BilL POLiVK,A 

! 

18 16 

18 16 2 

I 

I 

I 
18 18 3 

I 
! 

18 18 f 4 

! 

I 
I 
I 

I 

5.5 9 

10.5 

155 

205 

10 
9 
~ 

2 
2 
7 

~ 

4 
7 
9 
ij] 

2 
3 
2 

~ 

DAMES & MOORE 

------··--~----I---------------------·----··· 

CHECKED BY: i GROUND SURFACE elEVATION: 

STEVE MCCULLOUGH 

o 
SM 

5 
6 

I 
I 

, 
ML 

10 
6 

i5 
4 

, 

20 
6 

'I 

: : 
! 

, : 

I 

I 

, 

T 
i 

-"-;-----'--_. 

I 

I 

i 
I 
I 
I 

! 
I 

: 

Brown, silty fine SAND, loose. slightly moist with 
interbedded nodules of yellowish gray clay. 

Yellowish red SILT with trace nne sand, medium stiff. 
'Net, low plasticity. 

Grades moist 

Grades wet, sci\. 

93.4 10.1 

77.6 30.1 

78.3 16.8 

i 
70.9 50.7 

! ! 

o " ~0I1S reR ~cor Cf ;)~R SM'rU;~ 

~ :l DM.'.Es~YCReT'(?=u~!.:::l:! 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

'iT ~ SHiUN' rueE 

i 

i 
i 

i 
i 

SOOOO! - H!.~ 



DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 9, 1999 SITE SERVICES, INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING 8-9 

HOLLOW STEM AUGER 8' DIAMETER HOLLOW STEM AUG ER 

SHEET 2 OF 2 
DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 D&M TYPE 'U' OR SHELBY TUBE i ._------_._--, 
HAMMER DATA: DS,M J08 NO: 

140 POUND AUTOMATIC H.AMMER, 30 INCH DROP 33057 - 003 - 035 
------------_._-_. __ ._----------

APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

GROUNDWATER NOT ENCOUNTERED 46 FEET 

PREPARED BY: CHECKED BY: GROUND SURFACE ELEVATION: 
1 ------T 

e:! 
w .... Q.w 
~~ 
U'l1-

iviiCHELLE FLiNT/BILL nl"'\ll\/1.'"1\ r v L..I V I",....., 

SAMPLE 

0 ct. t w il:!::ao:: e:! 
we:! trlZ U'lW W"'" U'lX~ ww w> .... w .... x 

x> xO Q.rtI <1.1- :=uQ. 
uC1 uu ~~ ~~ OZ::E 

ZW ...... < 
~o Me:::: CIlC =IOU'I 

6,0607 t=EE T STEVE MCCULLOUGH --T---I········ , 
-~----~ 

I I 

01- X wZU'I 
5w~ U'I ~ ct.(!I :l~9 Wz x t,!) 
u ... rtI ~C1 i- <II .... 
5~1i: 

Q. ~ U ... 
:lu.. Ult: <Jl 0 

1I.IU'1 ZO C~ :l U'I 

DESCRIPTION 

f----'----\...-----'!---..,---+--i---\---i----+---l-,.,.,-,'TTT..,..,'T'T'T'!..,+-- .... · .. ------

ST 30 o 

U 18 10 5 30.5 4 
2 
4 

~ 

U 18 18 6 35,5 6 
12 
16 

~ 

U 18 12 7 40.5 8 
12 
17 
§g 

U 18 12 8 45.5 12 
22 
31 

~ 

DAMES & MOORE 

ML 
25 No Recovery 

30 
3 Sample disturbed 

(DIS1) 

35 
6 

CH Qiw gray (rat) clay, stiff, moist, high plasticily with 
ca!cereous deposits and small, fine roots. 

40 
6 Slight iron o)'jde staining. 94.4 26.0 

- - - - - - - - - - -Pierre FOfIT'.atior.: Shale, very stiff, olive gray. high 
45 plasticity, slightly moist highly weathered, weak, 

6 

Bonng completed ai 46 feet. 

o " aLCYiS,~ FOOT CF ilFl\l"ER SAAPUR 

tJ ;:. :;;.M;.S&~TY?EJSAJ-,P\.ER 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

ST;:. srEl..Sy n.m: 



DATE(S) DRILLED: DRILLING CONTRACTOR: 

MARCH 2, 1999 SITE SERVICES, INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING B~10 

HOLLOW STEM AUG ER 8' DIAMETER HOLLOW STEM AUGER 

SHEET 1 OF 2 
DRILL RIG TYPE: SAMPLING METHODS: 

C ivl E 75 0& [\,1 T Y P E - U' 0 R SHE L 8 Y T U 8 E 

HAMMER DATA: D&M JOB NO: 

,40) POUND ;WTOM.Ll.T!C HAMMER 30 INCH DROP 38057 - 003 - 035 

r----i APPROXHIIATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 
I 

45.5 FEET 
i 

I GROUNDV'I.Ll.TER NOT ENCOUNTERED 
,-----_ .. _ ... _----_. -------------

t CHECK~D~:::/" ,",'("" '~IIr>U 
________________ J, 

~~REPARED BY: GROUND SURFACE ELEVATION: 

! 8l L L POL 1\1 K/\ ! v L ~ V l- \~I V V \,.J ~ L \..J U "-' I , 6,1845 FEET 
--.- --.-------------. -_.- ---- .. _- -----_._.- ------"--" .. - ---r----- --.- .- - . "-_._-------_ .. _.- -----~ - ~·---i- .--. --
! SAMPLE 

,- ------r------ _._-_.-

I 0 ex: f w ~CIlO:: ex: I 0:: wex: w CIlZ UlW w~ (I)~~ .... I Ww w> .... w .... X 
<low X> xO .,,<0 0.1- ::UQ. 
~Q. Ul-4 uU ~:E ~~ oz~ 

I zO:: ZW <:::3 ....... 
CIl~ ... 0 ... 0:: CIlZ UlO alIDCIl 

r i 
- , , 

I 
I 
I 

I , 

! 
I 

I i I I , 
I I 

! 
, 
! i I i 

I 
u i 18 I 18 1 I 5.5 1 

I 
i 2 , 

I 
I 1 

§ 
I 
I 
I 

ST 
I 

30 28 2 10 -I 
! 

I 
I 
I I I 
; I 

U 18 18 3 15.5 2 
2 
6 
§l 

I 
U 18 0 4 205 2 

2 
2 
Bl 

DAMES & MOORE 

I 
, I i 

, , 

t i 01- X ~i WZCll DESCRIPTION Sw:: Co <II ",0 

~O 
ex:CIl ;ii z ~~i w(!l w ::l> .... ooZ X (!I a~ lii w , u ... oo ~C1 Ii:~ ~ .... :>oW .... ~i -'::lI- e .:.::u o . 

50'0. ::l11. LUI;: <II 
LU<II zo a ..... ::3 Ul a!:- ~8 c-. S"ri,~ ",0<'00' G,,~" 

---.-~-.,-,,--------

0 

ML Silt. yellov~sh red. pocrly graded, soft. wet, with 
trace: fine laminated sand, low plasticity 

5 
.5 6 60.2 694 
1 
.5 

B] 

- - 10 Grades, SILT with sitty sand lenses. 23.9 

;0 
,.) 

I 
1 5 
1 (DIST) 
3 
§j 

20 I 

I 1 -

I 
1 
1 
@ 

o " SLo.VS P5.R ;:':)Qi cr DffilER SAW!..f<\ 

U :J. OP.'l.ES t. NCR; 1"1'?E U SA!.'P1..O;:R 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

ST:. SI-£l.trf TUa.e 

500001 - H62 



DATE(S) DRILLED: 

MARCH 2, 1999 

")RllLING METHOD: 

HOLLOW STEM AUGER 

DRIll RIG TYPE: 

DRILLING CONTRACTOR: 

SITE SERVICES, INC 

DRILL BIT SIZE/TYPE: 

8' DIAMETER HOLLOW STEM AUGER 

SAMPLING METHODS: 

BORING B-l0 

SHEET 2 OF 2 

l 
I 
I 

i 
I I 
I 

.---------.-.--1 ~. ___ ._ ... _._ .. _~~~._~ ______ ._-.l. __ D_&_rv_l_T_Y_P_E_' U_" _O_R_S_H_E_L_B_Y_T_U_B_E __ -'-______ _ 

I HAMMER DATA: 
I 
I 
I i-·----

1.+0 POUND AUTOMATIC HAMMER, 30 INCH DROP I 
D&M JOB NO: 

3805"1 - 003 - 035 

[ APPROXIMATE GROUNDWATER DEPTH: I TOTAL DEPTH DRILLED: i 

I GROUNDWATER NOT ENCOUNTERED I 46 5 FEET ~ 
i-;;~'~~ E D B Y ~--..... --.----.-- C H E C KED BY: .---.. --- ---r~';-~-~-~-;'~~';:~~-~ ~ LC :VC: TI ~~-:-- __ +_ 
I BiLL POLIVKA STEVE MCCULLOUGH I u, 1\,1""1' ..J I '-'- I I 
-----~----~. .---~ .. -------.,----~ -~----, 

SAMPLE 

0 0:: i t I w :finO:: 0:: '" wO:: W !JlZ !Jl W , W""" !Jl~~ ..... WLU W> .... LU ..... J: 
Co W : J:> :z:o Q.co 0.1- :;:uo. 
~ 0. : u01 uu ~5 ~~ oZ~ 

ZW ........ 
<II~ ; ::;0 ... 0::: i CIlZ 1n0 1Q\o<II 

U 18 18 5 25.5 2 
4 
4 
@I 

U 18 18 6 30.5 a 
1 
1 
§ 

U 18 18 7 35.5 1 
1 
1 
§ 

I U 18 18 8 An ::: 4 ....... .., 
I 8 

12 
@g 

U 18 18 9 45.5 8 
12 

I 
18 
~ 

DAMES & MOORE 

----~-

I I 
-" .. _., .... , ...... ,._.,- .. _-_. __ .. ------ -'-,----";" '.-

I 01-
)0 

I 
:I: I- ~ WZIn DESCRIPTION .... 

S~:;: 0:: In ~ In WO 
Z gi~ <0 wl.:l LU ;:» .... IQZ :I: 

I 
I.:l o~ I-W 

u ... 1Q ~ii1 ~~ <II .... )oW In I-

<i::!1- u ... .... z 
0'0.. ;:),,- wti: !Jl 0 o::U 00 

UW!Jl zo Q....., ::! In O~ :!:u 
, 

ML Rapid dilatancy. wet 
25 I 

1 6 66.9 53.8 
2 
2 
@l 

30 
a 6 Slow dilatancy. wet 
.5 
.5 

5l 

35 
.5 6 Slow dilatancy 
.5 
.5 

I 5l 

40 , I 
2 3 'I'! • II):; 4 (DIST) OL :: :1:', Organic sitt, bl,a~~~ : ~~~~~~~:: trace: 
6 downward into , qrav . : f()otS. 

IR1 CH 

• 
Pierre Formation: Claystone, olive gray, moderately 
stiff, moist to slightly moist, moderate plasticity, 
highly weathered. 

45 
4 6 104.2 22.4 

6 
9 

I I)] 
Boring completed at 46.5 feet 

D '" 3LC,,"/'3 PER FOOT OF Oi'6VER SA."Y>LER 

U '" 0.;. .... £3 & '-CR.: iYP: U SAI.'PLER 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

ST" SI'ELsy-n.;ae 

! 

; , 

50000: -1!6: 



DATE(S) DRILLED: DRILLING CONTRACTOR: 

MARCH 2 1999 SITE SERVICES, INC 

:)RILlING METHOD: DRILL BIT SIZE/TYPE: 
BORING 8-11 

HOLLOW STEM AUGER 8' DIAMETER HOLLOW STEM I~UGER 

r---------------------------------~~---------------------------------~ 
I 

SHEET 1 OF 4 
SAMPLING METHODS: DRILL RIG TYPE: 

C:V1E: 75 D&M TYPE 'U' OR SHELBY TUBE 

HAMMER DATA: D&M JOB NO: 

1&0 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 - 003 - 035 , 
i----------------------------------------------------------·----------·--------~---------------------------------------.. -~ 

APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

0.: 
w 
.oJ 
o.w 
~o. 

~~ 

U 

U 

U 

U 

GROUNDW.~TER NOT ENCOUNTERED 76 5 FEET 

BILL POLIVKA 

SAMPLE 

0 

t w 
0.: 

(J)Z IIlW ~ffi W~ 

Ww W> I .oJ:I: 
:I: > J:O 0. til 0.1-
ui;1 uU :g ::Eo. 
:So ZW <C W 

.... 0.: IIlZ (J)O 

16 18 5,5 

18 17 2 10.5 

18 18 3 15.5 

18 18 4 20.5 

DAMES & MOORE 

CHECKED BY: _ .... ~ GROUND SURFACE ELEVAT!~N: 

SIEvE MCCULLOUGH i 5,168.3 FEET 
.-------' ... ------~----- 0......... .. ..... __ .L ______ ... __ ....... -... ----------... -----

0.: 

~Hlo.: 
(IIJ:~ 
3:uo. 
oz~ .oJ .... 
tIl\Q(J) 

4 
6 
8 

lH 

2 
4 
4 
@l 

3 
2 
5 

El 

3 
4 
5 

~ 

01-
wZIIl 
~W3: (J) 

;io o.:\!) 
::l> .... Wz 
u .... tIl ~~ ~::ll-0'0. ::lu. 

WII) ZO 

2 6 
3 
4 

l!l 

1 6 
2 
2 
@l 

1.5 6 
1 

2.5 
[§ 

1.5 6 
2 

2.5 

~ 

:r 
Ii:-- III 

u wt;: (J) 
o~ ::I 

0 

SM 

5 

10 SP 

15 

20 

:r 
0. 

~ \!) 
.oJ ..... 
0 
(II 

DESCRIPTION 

Surface conditions: Grasses 

Silty SAND, yellowish red, poorly graded, 114" 
alternating layers of light yellow red/yellow red, 
loose, slightly moist, very fine to fine grained. 

SAND, light reddish brown, poony graded, fine 
grained, angular to subround, loose, slightly moist 

SAND, alternating light reddish brownJreddish brown, 
fine grained, as above. 

SAND, reddish brown, poorly graded, fine grained. 
loose, slightly moist. 

73.5 35.8 

I 

i 
1 

67 I 49.5 

I 
I 

0" Slotl$?eR~OO-a= O:l:!VER~Pli!~ 
u "" OAIIES.!,:YICRE TYPE U ~WlER 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

ST; Sl-ELaY ruBE. 

SOOOOI-HC.2 



DATE(S) DRILLED: DRIllING CONTRACTOR: 

MARCH 2, 1999 SITE SERVICES, INC. 

)R!LLING METHOD: DRILL BIT SIZE/TYPE: 
BORING B-ll 

HOLLOW STEM AUGER 8" DIAMETER HOLLOW STEM AUG ER 

SHEET 2 OF 4 
DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 D&M TYPE 'U" OR SHELBY TUBE 
.---------. 

Iii HAMMER DATA: II, D&M lOB NO: 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 -- 003 - 035 

I
f APPROXIMATE GROUNDWATER DEPTH: I' TOTAL DEPTH DRILLED: .-----------; 

GROUNDWATER NOT ENCOUNTERED 76 5 FEET i _ _ r-;-~ E p ;~~~-~---;~-; ---... -----... -----.~---rc HECK ED _B Y -= _. .i .. G ~ 0 U;;-SUR FA-~~-;~~V AT I 0 ~~---.-: -r Tt 
i _. ___ " __ ~ __ ~ _____ -_____ ~ _______ .. __ . .2 

I I 

I I 
:x: DESCRIPTION ! ~ Uj -;. I 

~W i ~~ I ~~ I ~~ I: a!i= ~Qa! a~~ ~~:x: UI I ~ I 'Ii~~ ~~i 
~o. I uQl UU ~5 ~Q. OZ:~ ~::II-:5 ii:~ U I g I' I ~~ O~ J 

(j1i~ I ~O I ~~ I UlZ UI~ i~:;UI Uf.3'~1 Z~ ~!t. ~ UI I Cl~ ~u 

U 18 18 5 25.5 

U 18 18 6 30.5 

U 18 16 35.5 

u 18 18 8 40.5 

U 18 12 9 45.5 

L 
DAMES & MOORE 

7 
12 
14 

~ 

8 
·10 
14 

~ 

8 
12 
14 

~ 

6 
12 
14 

~ 

4 
3 
4 

~ 

3,5 
6 
7 

B] 

4 
5 
7 

ITIl 

4 
6 
7 

B] 

3 
6 
7 

B] 

2 
1.5 
2 

[]l 

25 SP SAND, as above, gradi~g into medium to coarse 89.8 7.3 
grained, subangular to angular, slightly moist, loose. 

6 

30 
6 SAND, as above, slightly moist, loose. 86.8 8.0 

35 
6 SAND, as above, grading to fine - medium grained. 85.6 6.0 

40 
6 .,.",. -.' -.. -, ':.' -.. ,' SAND, reddish brown, poorly graded, fine to medium 88.1 6.9 

~i0t!;,c~? l~::;:~:"~~'~,~;~:"~~~~::;~~lld.OO 

45 
ML IIII '\I! I 

SILT with sand layers, reddish brown, very fine to 89.6 30.9 
2 

(DIS1) 

III 
medium grained, wet in fines, silts exhibit slow 

I II dilatancy, soitlloose. 

1'1111111' 

11,IIIIIIIL 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

o '" 3LCVlS PER rOOT C~ DRI'iER s,.1!.t:"....;~ 

U " OAr.n!S & .'v'iC'RE TYPE U SA.. .. 'PLm 

ST" St€l'SYTlJ8E 

SOOOO\ -l,-GZ 



DATE(S) DRILLED: DRILLING CONTRACTOR: 

MARCH 2, 1999 SITE SERVICES, INC 

)RILLIlliG METHOD: j DRILL BIT SIZE/TYPE: 
BORING 8-11 

HOLLOW STEM AUGER I 8' DIAMETER HOLLOW STEM AUGER 

DRILL RIG TYPE: I SAMPLING METHODS: 
SHEET 3 OF -4 

f-________ C_~_1 E_,_5__ ._ .. ___ ! __ D_&~: T Y P E .. U" 0 R S H_E_L_B_Y_T_U_8_E __ -1-___ _ 

HAMMER DATA: D&M JOB NO: 

140 POUND .A.UTOMATIC HAMMER. 30 INCH DROP 33057 - 003 - 035 
----------- .. _----
! APPROXIMATE GROUNDWATER DEPTH: i TOTAL DEPTH DRILLED: 

i 
GROUNDWATER NOT ENCOUNTERED 

I 
76.5 FEET 

-,- .-.------. I t PREPARED---s+f-j .00ECI(.E.O$.¥~ .u-t GRD.UND. . .£UREAc.E. fJ .. E..'lAnON: 

BILL POLIVKA I STEVE MCCULLOUGH i 6,168.3 FEET 
.----.--.- -.-----------.----.-------.------- ------r---------..L-- ----.-.----.... --. 
! SAMPLE I I I I -----l--r -.~ 
~- !'~~t~T:ffi tilih~ m =-~l, ,I I ~ I OesC""TWN I ~ I~', 
i:w I :I:> II' 58 I ~~ I ~I;: ~~~ U~:;~II ::s;c:z: I 1;:-- i:l I' ;:! II I' ~~''''Olii~ 'II « ~ I ~:i! Z w ..: ~ « w ......... « 0'<>. :) "- w Ii: III 0 ~ <>. 0 
Uli- I .... 0 i ,...C:Z: I IIlZ UlO tXlIOUl WUl ZO, O~:) III ~~ ::S;U t 

I ST I 30 I 27 10 50 _ I - - 50·1 ML I I i I I III SILT with sand layerS----------------- i ---I~-

u 55.5 

U 60.5 

u 13 I 65.5 I 

u 14 70.5 

DAMES & MOORE 

5 
.8 

~I 

7 
10 

2.5 
4 
4 
@l 

3.5 
5 

12 6 

~11TIl 

14 
12 
12 

~ 

I

I 

7 
6 

I 

6 

5 

55 

I II II I ;!':,'~~~7"~,:::~=,h,:':"~:~:.:,d .. ftM 

11,11111111' I i 

60 1 I I I I I 
I 'III I I" II Grades Interbedded SlL TS/SAND. light to medium 76.2 34 61 

I I I II 
reddish brown, poorly graded, very fine to fine . .J 

grained, soft, loose, moist. 

76.3 36; I 
! 

I" I~I -S-M4,
I
f+'f.+

1 

#+IIf.+II#+1+i4-S:-LV-' -SA-N-D.-re"-Yd-iS-h-brQ'-... -n,-.~-~,-"y-gr-ad-ed-. '-Js-rf-+! -75-.1-+,-4.-' .-', 1:.: 

5 i fine to fine grained, medium stiff, slightly moist. , 

70 
6 

rJltltJ 
GEOTECHNICAL INVESTIGATION 

GOLD HILL MESA PROPERTY 
COLORADO SPRINGS, COLORADO 

FOR GOLD HILL MESA JOINT VENTURES 

I 

60.61 49.6 ; 

I 
o "- 6LOI"l3 P"ER Fo<:)T CF ;)?I\IER SAWL.=:R 

LI .. DAAES!. MORE iYFE:'; SN.Fle~ 

57:1 SH!l.B'fn..a.e 

SDOOOl- !as:! 



DATE(S) DRILLED: DRILLING CONTRACTOR: 

MARCH 2, 1999 SITE SERVICES, INC, 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING 8-11 

HOLlO"V STEM AUGER 8' DIAMETER HOLLOW STEM AUGER 
SHEET 4 OF 4 

DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 D&M TYPE 'U' OR SHELBY TUBE 

HAMMER DATA: D&M JOB NO: 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 - 003 - 035 

APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

GROUNDWATER NOT ENCOUNTERED 76 5 FEET 

PREPARED a'f.: ,.,,_~,~HE!=.~!=!Ll1\'L ... 

I BILL POLIVKA STEVE MCCULLOUGH 

SAMPLE 

! 0 0:: t w 
~~o:: 0:: 0:: 

wO:: w IIlZ IIlW W~ cn:r~ -' I IUW W> -'w .... :r 
"-", :r> 58 

,,-<%I "-I- ::UQ, 

~~ UQ1 ~~ ~f:i oz~ ZW ..J'" 
III I- ::;0 ... 0:: IIlZ III 0 "'10 III 

u 18 14 15 75,5 12 
18 
48 

~ 

I 
I 
I 
I 
I 
I 

I 
I 

DAMES & MOORE 

01-
WZIIl 
I-w:: III 
SCilo a:~ w,z 
a~~ :r 

~:i1 I-~ III 
-'~I- f:it U 5 O'Q, ~u. III 

will ZO 0 ...... ::l 

75 SP 

6 6 
9 CH 
24 

~ 

80 

85 

90 

95 

:r 

~ 
~ .... ... 
0 
III 

I',', 
::::::::: ':::::::: 

':'.':,': ri, ":': 

,F/. '/.. /' ... ~ 

DESCRIPTION 

SAND, reddish brown, poorly graded, fine grain, 
loose, slightly moist 

'UIi II<1UUlJ; , '" ~ ~',~' very stiff, 
, iron stain: ca min, SllamlY moist, 

Boring completed at 76,5 feet 

~ 
z 
w 
o~ 
)oW 
o::U oe:. 

95,7 24,3 

o '" 3lC'WS?ffi :=OOT cr;: O~VE:R ~LER 

u ::I :..AAES111iOR£'N~L.'SA~ER 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

Si'" Sl£i..afT\.;Se: 

SOOOO! -IK-': 



-.--------------------------,--------------------------
DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 25 - 26, 1999 SITE SERVICES, INC 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING B~13 

HOLLOW STEM AUGER 8" DIAMETER HOLLOW STEM AUGER I 
i--D-R-I-L-L-R--IG--T-Y--P-E-:-------------------+-S-A-M--P-L-I-N-G--M-E-T-H--O-D-S-:--------------~ SHEET 1 OF 5 

I Ci'vE~ 75 D&M TYPE 'U' OR SHELBY TUBE 

~---------------------------I HAMMER DATA: 

14:) POUND AUTOMATIC HAMMER 30 INCH DROP 
r---- -----------

I 
APPROXIMATE GROUNDWATER DEPTH: 

GROUNDWATER NOT ENCOUNTERED 
1-------.. -----------------------.- -----------------.-----

__ -t-I'.~EI'.~-~!'Q By:__ CHECKED BY: 

i Bill POLiVKA STEVE MCCULLOUGH 

SAMPLE 

Q 0:: 
Qf- ::c 

t wZIII w ~IIIO:: SW3: 0::
111 ~ Q,: ~ 

w VIZ III W w~ w"'" VI"'w ~O we) 
-' WW w> -'w -'::C 3:15~ :::l>-' ",z ::c e) 
0.11.1 ::c> ::cO 0.'" o.f- u .... '" :::~ 5:~ ~ ...I 

~~ u~ UU :::::: ~~ 9~~ ..l:::lf- .... 
ZW c(:::l ~ 0'0. :::lu. wt III 0 

\Ill- ::;Q .... a: IIlZ VIC ",\DVI WVI ZO C ..... ::> III 

0 

5 
IJ 13 18 5.5 11 6 5 

10 5 (DIST) 
12 6 

~ !TIl 

10 
U 18 15 2 10.5 4 2 6 

5 2 
7 4 

!TIl i!il 

is 
U 18 16 3 15.5 1 .5 6 

2 1 
10 5 

!TIl i!il 

20 
U 18 17 4 205 8 4 6 

13 7 
16 8 

~ l!j 

D&M JOB NO: 

L 3805-:- - 003 - 035 
, ----_. 

TOTAL DEPTH DRILLED: 

121.5 FEET 

__ tl_GRc>UND SURFACE ELEVAT:~r-I~ 

, 6,1786FEET 

DESCRIPTION 

Surface conditions; Grasses 

SAND, yellowish red, poorty graded, fine to medium 
grained, angular to subround, soft. slightly moist. 

SAND, yellowish red to reddish brown, very nne to 
fine grained, angular to subrovnd, soft, slightly moist. 

Silty SAND, yeiiowish red. very fine grain, wet. 

SAND, yellowish red, reddish brown, fine to medium 
grain, angular to round, soft, slightly moist. 

SAND, yellowish red/reddish brown, poorly graded, 
fine to rr.-e<iium grain, angular to subround, 
softlm<XIerately firm, slightly moist. 

B4.2 

80.2 

76.7 

I 

i 

I 
88.31 

i 

6.6 

22 

8.2 

0" aL:vISPERFOOT~:JR!VER~~R 
U >I OAl£S & MeRE ""il'?E U SAI.P .. E.~ 

DAMES & MOORE 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

Si:: 51-£" ... 3'1'11.;3£ 

SOQOO! - P62 



DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 25 - 26.1999 SITE SERVICES INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING B-13 

HOLLOW STEM AUGER 8' DIAMETER HOLLOW STEM AUGER 

SHEET 2 OF 5 
DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 D&M TYPE'U' OR SHELBY TUBE 

HAMMER DATA: D&M JOB NO: 

140 POUND AUTOMATIC HAMMER. 30 INCH DROP 38057 - OJ3 - 035 
>-

I APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

1215FEET ! GROUNDWATER NOT ENCOUNTERED !- ._-_._-- I ----.--.------.--------.----

_ --tPREE./\'B,!;P flY.:_.. j CI-t~~K_ED BY: GROUND SURFACE ELEVATION: 

! I BILL POLiVKA ! STEVE MCCULLOUGH 6,1786 FEET 
f-- --' .. --'---.----.---------... _-. --'-'- ---_.-- '--'1-,---i 
I SAMPLE I I I I I I 

I~T T ~ 1--l-~T---; •. 1. I I % 1 D"''''''ON I ~ !.@ i 
I ~W I *~ I ~~ I ~~ I ~~ )~~~ ~~~I i~ ~~ ! ~ I J' ~W ~~ 
I ~~I- I uC;; I ul;:l I ::!:::::I I ~fu g~~ ~5.6:'::::Iu. fut ~ I ~ I ~u OZ ! U1 . ~ C j :s ct , ~ Z Ul C £Il OJ) Ul iJ W (f) zoe '-' ::I I W' C e:. i ::e: 8 

1

1----'1 I SP :: .... :·::·:.:-::·:·:·::·:·.::::-::·::·:.:::·~T~ND-Yello";s~ red. ~:;diSh brown. poorty graded. I-;:-P 
25 fine to medium coarse grain. ioose to medium dense. 

U 18 16 5 25.5 10 5 6 slightly moist. 
16 8 
24 12 

@9 1?9 

i 

U 18 15 6 305 14 
18 
20 

6 
30 

SAND. as above, loose. slightly mOIst. 91.5 9.91 

U 18 16 7 35.5 

u 18 15 8 40.5 

u 18 17 9 45.5 

DAMES & MOORE 

@]j 

14 
23 
24 
[!J 

15 
21 
15 

~ 

8 
20 
20 
I4Q 

11 
8 

B] 

4 
10 
10 
gg 

35 
5 

1
40 

I 
6 

I 
, 45 

6 

I ~,~iCj'i:'i:'; 

SAND. reddish brown. poorly graded. line to coarse 
grain. angular to subround. medium dense. slightly 
moist. 

S . .a,ND, reddish brown, poorly graded, fine to medium 
grained. angular to subangular. loose. slightly moist. 

SAND. as above. 

i 
I 

I I 

""I"J 
89.2 5.9 

92.1 6.3 

I 

I 
I 
I 

0::1 3lCViS?ERPOOi~D?j"JE~~U;R: 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

U -= OM'ES .1 MORE TfF'E U SA),fILER 

ST:= SI-ElSY i1JaE 

SOOOO! _I--l~ 



I 

I 
I 

I 
I 

I 
I 

--,--------------------,1 -------------
DATE(S) DRILLED: DRILLING CONTRACTOR: I 

, ________ F_E_B_R __ U_A_R_Y __ 2_5_-__ 2_6_,_1_9_9_9 ______ ~---------S-I-T_E __ S_E_R_V_I_C_E_S_,_'_N_C_,__ I~' 
DRILLING METHOD: DRILL BIT SIZE/TYPE: ---"l BORING B-13 

HOLLOW STEM AUGER 8' DIAMETER HOLLOW STEM AUGER 

SHEET 3 OF 5 
DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 D&M TYPE 'U' OR SHELBY TUBE 

HAMMER DATA: D&M JOB NO: 

1JO POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 - 003 - 035 
I i---·---- ----------------- ----------------_ .. _------------_._------
i APPROXH·1ATE GROUNDWATER DEPTH: 
I 

u 18 18 11 

u 16 17 13 

u 18 16 14 

65.5 

70,5 

10 
30 
36 

~ 

2 
22 
26 
§l 

5 
15 
18 
§ 

6 
11 
13 

~ 

6 
65 

6 
70 

SM 

t 
I I SP 

I 

TOTAL DEPTH DRILLED: 

SAND/SIL T (interbedded) SAND, reddish brovm, 
poOtiy graded, fine to coarse grained, angular to 
subround, slightly moist SILT: light reddish brown, 
poOfty graded with fine sand, soft, powdery, dry to 
moist, 

Grades silty SAND, reddish brown moderately 
graded, very fine to coarse grained, sligh1ly mOist. 
medium dense, 

1 91 ,31 6,g 

I I 
I I 

1
94 

I 
! 

I 
I 
I 

I 

71 

I 86,6 I 7,8 

I 1 
I ' 
I 
I 

l I 
I I .. 

DAMES & MOORE 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

o :: i3LONS P":;R ~OCT ~ :'RNE.~ Sol.~!...E:R 

U = CAAES ~ ~JCRE ~PE u SA1.f'\.r;R 

ST = SI-aaY 'TUBE 



DATE{S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 25 - 26, 1999 SITE SERVICES, INC. 

)RILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING B-13 

HOLLOW STEM AUGER S' DIAMETER HOLLOW STEM AUGER 

SHEET 4 OF 5 
I DRILL RIG TYPE: 

I CME 75 

SAMPLING METHODS: 

O&M TYPE 'U' OR SHELBY TUBE 

I HAMMER DATA: D&M JOB NO: 

L_. ________ 1 __ 4_0 _p_O_U._N_O_A_U_T_O_MA TIC HAM MER, 3 a INC H 0 R ° P ______________ _ 38057 - 003 - 035 

TOTAL DEPTH DRILLED: I APPROXIMATE GROUNDWATER DEPTH: 

I GROUNDWATER NOT ENCOUNTERED 1215 FEET 

PO LiVKA 

-tp~EJ'A R}:QBX: 

! 8 iL L 
. -' --.----~- -------

SAMPLE 

U 18 18 15 75.5 

U 18 18 16 80.5 

U 18 17 17 85.5 

U I 18 '18 18 9O.S 

I 
U 18 17 19 95.5 

I 
I 

DAMES & MOORE 

10 
24 
32 

~ 

15 
26 
44 

E9 

18 
24 
34 

~ 

7 
10 
26 

~ 

8 
8 
9 

!TIl 

I 
I 

5 
12 
16 

~ 

8 
13 
22 
[§ 

9 
12 
17 

~ 

d 

5 
13 
[j]j 

4 
4 

4.5 
[§ 

75 
6 

5 
80 

_. 

6 
85 

_~ GROUND SURFACE ELEVATI~~:~~ 
~ ... 1CCULLOUGH I 6,1786FE=T 

.. ~ ----_---1 ______ __ _ ~ ~ _ .. _ . _________ '~--T" ~ .. 

SM 

, 

' II ML I, 
ill 
jl I 
II 

I 

I 
I II 

• SAND, as above, slightly moist with interbedded si~. 
dry, silt may not have made it into can. 

Ililll Interbedded sandy SILT and SAND layers, Silt .. 
reddish brown, moderately graded with medium 

III II 
coarse sand, loose, slightly moist. Sand - reddish 
brown, fine to coarse grained, angular to subangular, 
medium dense, poorly consolidated, slightly moist. 

\111 Grades sandy SILT, light reddish brown, stratified 
with fine sand (-1/4"), poorly graded, medium dense, 
slightly moist. 

II I Id II I! 

92.2 

I 
I 

891 

62.1 

T---"-\ 
I ! 
I 

8.1 

i 

40.2 

90 SM .. Silty SA.ND, light reddish brown, poorly graded, very 84.61 22.2 
6 fine to fine grained, medium dense, not as stratified 

as above, subangular to subround, moist to very 
moist. 

. I 

, . 
95 

6 

1: 

SILTY SAND/SANDY SILT, as above, moist to wei. 74.2 46.7 . 
" 

f. 
, 

: ~ 

Ii .~ 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

o :: BLOiVS p~~ FOOT c;: ORl',,::R SA.~!...ER 

U :: OA,'.'ES &. "'~RE ifP!:: U s;.'.'Pl=:R 

ST:::. SHEL3Y 7'....BE 

SOOQOI-Itl:': 



DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 25 - 26,1999 SITE SERVICES, INC. 

)RILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING B~13 

HOLLOIJIJ STEM AUGER 8' DI.".METER HOLLOW STEM AUGER 

I SAM","" METHOOS 

D&M TYPE 'U' OR SHELBY TUBE 

SHEET 5 OF 5 I DRILL RIG TYPE: 

l __ . CME 75 

i HAMMER DATA: ! D&M JOB NO: 

140 POUND AUTOMATIC HAMMER. 30 INCH DROP 38057 - 003 - 035 

I APPROXIMATE GROUNDWATER DEPTH: 

I GROUNDWATER NOT ENCOUNTERED 

TOTAL DEPTH DRILLED: 

121.5 FEET 

; 
I 

~------·--l 

I 

-Fp-REF--A-. -R ED-~~-;-"-------- ... f. CtiE:_~K EJ)_IJ_'f.: ___ ~=-_ --. -....... --.-.----=--+_G~-~-~-U-N-D-S-U-R-F ;;Z~-E-L-E-V-A-;~_;;-;--·--- .. ·~-__ . 

I BILL POLIVKA i STEvE MCCULLOUGH l 6.1785 FEET i 

i 

i 

I 
! 
I 
I 

I 
I 
I 

I 

I 
i 
I 

i 

I 
I 

I 
I 

I 
1 

I 
I 
I 

\ 

------.- SAMPLE .. ·-----··--..i-----r I'--'--T-- --------..- -----------TI 
-·-----1 -I -----1--- I~ 

I ~~ E I ~ HI ~ ~ 

~f& w <liZ 11.1 ..... I <II:r ~ .... Ww I W> I .... :r 
0.. ... :1:> 0..<11 0..1- 3:u'o.. 
~o.. 

I 
u~ I ~~ I ~~ I ~fu 19~~ I VI~ :So ~z VlO <QII)<II 

I 

I 
I I 

ST 23 

I 
28 

I 
20 100 -

I I I I I I 
! I 

I 
I I I 

I I I I 
I 

I 

u I 18 I 18 21 

I 
105.5 19 

19 
I 22 

I 
g] 

U 18 16 22 110.5 32 
34 
34 

I 
~ 

I 
I 

U 11 11 23 115.5 25 
50/5" 
-

I 
U 16 - 24 120.5 16 

30 
34 I I<OM 
~ 

,. 

DAMES & MOORE 

I I ~ I ~. 01- :r wZ<II 

~ I 
DESCRIPTION I til I w Q , 1-11.13: ·~l :5;to Z ~I-: w ~Z, 

~> .... wz :r \!) I 0~1 tii~ I U .... <III ~~ I 
I- ~ .... 
o..~ 

I 5 
)o.Wl~Z 

~"- wG: <II 
ZO 0 ...... ~ <II 5~~1 I 115~1~8! 

I .. .-----'1------1 
I 

-

10 
10 
11 

~ 

16 
17 
17 

~ 

13 
25+ 
-

8 
15 
17 

~ 

I 
I 

- ICO SM Silty SAND. reddish brown, poorly graded, very fine 75.3 19.41 
to fine grained, soft at first then stiffened, moist. 
(drove shelby tube 28" - became very stiff, lifted rig). 

\ 

I . · I 
I ' . 

I 
105 

6 Silty SAND, reddish brown, poorty graded, very fine 83.1 30 ; . ; to fine grained, soft at first then stiffened, moist i · J 

I 
· . 

110 
6 SP 

tl~l~ml'?~1 
SAND, reddish brown, poorty graded, veri fine to 87.2 6.7 
fine grained, subround to subangular, medium 
dense, moist to slightly moist. 

I liS SM rl t j SilTS/SAND. reddish brown, poorly graded, verI \108.71 11 .4 
5 fine to medium grained, sUbanguiar to subround, 

I 
dense, slightly moist. , 

· I 

SAND, reddish brown, poony graded, very fine to 

I'" 
6.2 . 120 fine grainded, angular to subround, medium dense 

- slightly moist. 

I I ! I 
I I 

! 

Boring completed at 121.5 feet due to drill rig 
: 

limrrations. i 

J 

o " SLo.\'S P5.R FOOT :::f ~RNER 5.AW~R 

U ,. DM'ES 5. OClRi TYPE U SA~Le:R 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

ST'" SrEl..SY ruSE 

SOO?Qt -li.S.2 



DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 16 - 19,1999 SITE SERVICES, INC. 

)RILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING 8 .. 14 

HOLLOW STEM AUGER 8' DIAMETER HOLLOW STEM AUGER 

SHEET 1 OF 6 
DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 0&11,1 TYPE "U' OR SHELBY TUBE 

HAMMER DATA: D&M JOB NO: 

140 POUND AUTO,..,lATIC HAMMER, 30 INCH DROP 38057 - 003 - 035 

APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

GROUNDWATER NOT ENCOUNTERED 1335FEET I 
PREPARED BY: CHECKED BY: 

-------. __ .. 
GROUND SURFACE ELEVATION: j -. -

STEVE r.;lCCULLOUGH 8 iLL PO LiVKA 
~--·-------------SAM-P-L~-----------..L---~--------;-----r-I-------. -,-------'--

I 
----------------------~1 ---y--i 

I , 

I I ! 

6,1777 FEET 

Il: 
ILl 
..J 
Q.ILI 

~Q. 
(f)~ 

o 
ILl 
Il: 

UlW 1.1.1> 
:cO uu 
ZILI 
... Il: 

ILIIl: 
..JILl 
Q.al 
:::::E 
cz::;) 
UlZ 

:c 
Q. 

~ 
I!I 

~ = Ul 0 
:;) (f) 

DESCRIPTION ~ 
Z 
ILl 
O~ 
)oW 
cr: U 

O~ 

r---~----~-----r----+-----·r---~-----+----~--o--~~----~ __ s_u~ __ ce __ co_n_d_iti_on_s_:_s_an_d ________________ ~ ____ ~ __ ~ 

U 18 18 5.5 

u 18 15 2 10.5 

u 18 16 3 15.5 

U 18 14 4 20.5 

DAMES & MOORE 

5 
4 
6 

@ 

5 
4 
14 
@] 

8 
10 
16 

~ 

3 
2 
4 
[§l 

3 
2 
3 
@l 

3 
2 
2 

~ 

4 
5 
8 

!TIl 

6 

6 
(DIS1) 

6 

6 

5 

10 

15 

20 

ML 

SM 

SP 

I I , 

Yellowish red silts, poorly graded, low plastic~y, 
moist 

Silty SAND, yellowish red, very fine to fine grain, 
poorly graded, slightly moist, soft. 

SAND, light yellowish red, very fine to fine grain, 
poorly graded, slightly moist, very soft, loose, very 
loose 

SAND, light yellowish red, fine grain, poorly graded, 
slightly moist, very soft, very loose. 

SAND, yellowish red, fine grain, slightly coarser than 
above, poorly graded, slightly moist, very soft, loose 
to very ioose 

87.4 21.2 

I 
75.1 34.2 

87.2 6,8 

o '" 3LOt.,rs ?ER FCOT ~ DRIVER ~\.ER 

U '" OA,IlC:S & ','G-RE T'fP€ U SAWL!:R 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

ST= St-£'_BYTUBE 

SOOOOt-1-IG.: 



DATE(S) DRILLED: DRILLING CONTRACTOR: J 

FEBRUARY 16 - 19, 1999 SITE SERVICES, INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 

HOLLOW STEM AUGSR 8' DIAMETER HOLLOW STEM AUGER 

DRILL RIG TVP!:: SAMPLING METHODS: 

CME 75 D&M TYPE "U' OR SHELBY TUBE 

r 
I HAMMER DATA: , 
I 
i ,4Q POUND AUTOMATIC HAMMER, 30 INCH DROP 
-' ----. __ . ._---------_.------
I 

BORING 8-14 

SHEET 2 OF 6 

D&M JOS NO: 

38057 - 003 - 035 

i APPROXIMATE GROUNDWATER DEPTI1: TOTAL DEPTH DRli.LED: 

i GROUNDWATER NOT ENCOUNTERED 133.5 FEET 

I 
I 
i , 

L ___ . __ . ______ ...... _ .. _____ . __ ~--.---.---------------____ +_. .--.--____ -; 

_}F>..REPA_~E~~~~., ,:~,."':-:.-.-__ .-+CHECKED,,::~,,: ~;{'f'II".~~.,~~. t GROUND SUR:~~;:~E~~~:TION: -f--
1·-----·-~~~=~------·-··--L-·-·---r~~T~~~;:'~~~-·-r---· L .... ---.... -.. - ···------·-----·--T-- j 

: SAMPLE I I I I I I • 

,-c,:II--r a~ ial- ·~II ! I It; i F.' ffi WZ~ I I il: DESCRIPTION I <II I w~ 
I 

0:: U- ~~o::w ~~3 o::~ i ~ Zw 9.1\;: ~ w ! til ffi t3 ~ ~ w UJ -- "'.- -l <t w Z J -~ :1:> :l:uOU Q.1Xl ~1= ::u~ a~a:ll ~i2 11= rJl I ~ !O~IIii~ 

~ ~ ! ~ ~ I ~ ~ ~ ~ ~ * I ~ ~ ~ 15 ~~ ~ ~ I * g ~ t ~ I I ~ g I ~ 8 
r---+---+--+---l---f---i---+--+-2-s --;'--s-p-+-i:.::->:.:::--::.::·~::-:·""::-::"'·:·::~·::::C:-·::·:~:::·::-:·::'·--:-:::}1-;:-~~:-yellowish red/br~~n, fine to medium grain, II· 69.21

6
.
5 

:,:.::.:.::.:,::: .. ::: .. ::.:.:::'.:: subangular to angular, poorly graded, slightly moist, 
U 18 16 5 25.5 24 12 6 

13 16 6 30.5 

u 18 18 7 35.5 

u 18 16 

u 18 16 9 45.5 

1- l 
DAMES & MOORE 

16 e I 
18 9 

~ ~ I 

28 
16 
18 

~ 

30 
25 
28 

~ 

22 
24 

~ 

21 
20 
22 
~ 

12 
8 
9 

[1J 

1S 
13 
14 
@] 

11 
11 
12 
I@ 

11 
10 
11 

~ 

6 

6 

I I I I 

30 

35 

40 

45 

SAND, as above, note silter coment in upper part of 
sampler, si~ not in grab sample, slightly moist. 

SAND, as above, yellowish red/brown, fine to 
medium grain, subangular to subround, poorly 
graded, slightly moist, soft, loose, well compacted. 

SAND, yeiicv~';sh red, intererbedded, nne to medium 
grain, angular to subround, poorly graded, moist, 
soft, loose, well compacted, like sand above. 

SAND, yellO' ..... ish red, as above. 

87.0 

89.2 

190.0 

87.8 

I I 

7.6 

9.9 

B.9 

10.3 

o " eu:.,,-vs ~5.R ~COT CR DRiVER SAII?\.Eq: 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

U " CA.\~S & W)R5 TYPE. U SAf.-fll2R 

ST:;:, SI-El.. SY TU3E 

SOOOOI-l~ 



DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 16 - 19,1999 SITE SERVICES, INC 

)RILLING METHOD: DRIll BIT SIZE/TYPE: 
BORING B~14 

HOLLOW STEM AUGER 8" DiAMETER HOLLOW STEM AUG ER 

SHEET 3 OF 6 
I DRILL RIG TYPE: 

I 
I 

i HAMMER DATA: 

CME 75 

SAMPLING METHODS: 

i . ____ --1 D&M TYPE "U' OR SHELBY TUBE 

D8r.M J06 NO: 
1 

! 140 ,"'OUND AUTOMATIC HAMMER. 30 INCH DROP 38057 - 003 - 035 
---_ .. _-------
I APPROXIMATE GROUNDWATER DEPTH: i TOTAL DEPTH DRILLED: 
1 

! GROUNDWATER NOT ENCOUNTERED I 133.5 FEET , 
----.-------------, 
i PREPARED BY: t------------ -.. -------- .. -------
! SiLL POliVKA 

SAMPLE 

. _J5HECKED BY: 

----------_._,---------_._----------. 
I 
! GROUND SURFACE ELEVATION: 

-,------------ ----------------i--
I 
I 

-------1-
STEVE MCCULLOUGH i 6177.7 FEET -, ··----r--·-I---·-·-·-r--L--.--- .. ----.~. -- :-- .. 1 

! 

-'1 ---1- ~-.-~ ~"'-;;:'----l I ! :c I DESCRIPTION I ~ ! wit i 

1 ~W ffi~ I ffi~ , ~~ i ~~ I~~~ ~~~ ~~ I ~ I I ~ i ~J ~~ i 
! ~~ I ~~ I M~ I ~~ I ~~ 1~~~I~g~ ~~ I ~~ I ~ I ~ I I ~gl ~81 

U 1 18 15 10 50.5 16 8 6 : ...... : ••. : •.•.. : .....•. angulartosubangular,a3above , 

1,11-------------- -150 -1
1
-- ;;:-·;}/;i:1 SA;.::,~ ",;::,:,:;~ "=-- -I~-----If·-~~ 

U 18 16 11 55.5 

U 18 12 60.5 

u 16 13 65.5 

I 
u 18 16 14 70.5 

I 

DAMES & MOORE 

I 

20 10 
26 13 

[§l ~ 

20 
18 
'28 

~ 

20 
25 
30 

~ 

20 
27 
17 
iB 

36 
36 
38 

~ 

10 
9 
14 

~ 

10 
12 
15 

~ 

10 
14 
9 

~ 

18 
18 
19 

~ 

6 

6 

6 

6 

I 

I 
I 

55 

60 

65 

::.:.::::.:./.~.::::.:.::<.:.>:.:.::::.:.::. 

70 

SAND. as above. but coarser grained fractions are 
becoming more evident Trace: coarse grain sand 
interbeds (1/2"). 

Grades. SAND with interoedded sill layers, yellowish 
red, fine to medium grained, poorly graded, 
subround in fines to sugangular in coarser sand, 
moist, medium dense, compacted. SilT: light reddish 
brown, very fine grain, poorly graded, soft, powdery, 
dry to slightly mOIst. 

SAND/SI L 1. as above. 

SAND, yellOwish red/gray, fine to medium grain. 
poorly graded. well compacted. fairly dense, 

5.3 

91.S 71 

85.4 123 ; 

91.5 6.2 

o :> 3LO'· .. S ?E.~ FCC7 ~ "RI~~ s;..,o.:Pl.E.R 

u '" C,A.'!E5! .'JORl:: TYP: IJ ~I,'PUR 
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DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 16 - 19,1999 SITE SERVICES, INC 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING 8-14 

HOLLOW STEM AUGER 8' D!AMETER HOLLOW STEM AUGER 

SHEET 4 OF 6 
DRILL RIG TYPE: SAMPLING METHODS: 

CI\1E 75 D&M TYPE 'U' OR SHELBY TUBE 

I HAMMER DATA: D&M JOB NO: 

I 
~~---. 

LlO POUND AUTOMATIC HAMMER, 30 INCH D,qOP 38057 - 003 - 035 

I APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

1 
GROUNDWATER NOT ENCOUNTERED 1335FEET 

I PREPARED BY: "T---- - ~-. ---~"--~---, 

I 

L, ___ ,_ 
SAMPLE 

I 

I 90.5 

I 
I 

I , 
95,5 

, 

I 
18 I u 

j 

I 
I 

I 

I 
I i 

I I 

DAMES & MOORE 

6 
90 

i 

I 
I 
i 
! 

6 \ 95 

I 
t 

I , 
I 

I 

i GROUND SURFACE ELEVATION: "-, "1----- --
6 1777 FEET 

Grades SILT, light reddish brown, very fine grain, 
moist soft to medium stiff, poorly graded, moist. 

SILT, light reddish brown as above, slightly moist 

Grade sandy SILT, yellcwish red, poorly graded, very 
fine to fine grain, stratified, 1" to 2' bedding, soft, 
moist to wet 

I 

"-1 

: 

i 
I 
i 

43,3 7,6 I 

57.4 732 

o ::: 3L.OtiS PeR r:oor ~ OiWCR ~t..Eq 

U = :AYES a. MORe TY~ U SA~ .. =~ 
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---------------------------. 
DATE(S} DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 16 - 19,1999 SITE SERVICES, INC. 

)RILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING 8-14 

HOLLOW STEM AUGER 8" DIAMETER HOl.LOW STEM AUGER 

SHEET 5 OF 5 
DRILL RIG TYPE: SAMPLING METHODS: 

eME 75 D&M TYPE "U" OR SHELBY TUBE i 
.------------.---------------------~-------------

HAMMER DATA: D&M JOB NO: 

140 POUND AUTOMATIC H,A,MMER, 30 INCH ORO? 35057 - 003 - 035 
------_._--- ._----------------

AP?ROX!MATE GROUNDWATER DEPTH; 

GROUNDWATER NOT ENCOUNTERED 
I 
i 

TOTAL DEPTH DRILLED: 

133.5 FEET 
r------------------.----.--------- ----------------------- ------------'-- .-------------------_.-

I 

PREPARED BY: i CHECKED BY: i GROUND SURFACE ELEVATION: 

BiLL POLIVKA 
---- ------t +----

! 6,177.7 FEET STEVE MCCULLOUGH 

u 

u 

u 

u 

15 16 21 

15 22 

18 15 
i 

23 

16 

105.51 28 
34 
'40 

110.5 

115.5 

I "05 

I 

E3l 

30 
26 
40 
~ 

40 
44 
46 
@9 

26 
I 38 

44 
I@ 

DAMES & MOORE 

i ______ J.. ___ . __ .. , __ , ____ ... __________ ~~ __ . - --.-_. ___ _ 

14 
17 

~I 
15 
13 
20 
IDl 

~I 
13 

, 19 

\[] 

6 

6 

6 

6 

I 
I 

105 

i 10 

, I" I,J 

120 

DESCRIPTION 

SIL T/Siliy SAND. as above. thin 114' strata of fine 
sand, mOist. 

SIL T grading into SAND, yellowisn red, poorly 
graded, fine grained, Slightly moist 

Sandy SILT, ye!lowish red, pearly grade';!, Silty sand, 
meuium danse, slightty moist 

Silty SAND, grading to sand, yeliowisn red, poorly 
graded, very nne to nne grain, medium dense, well 
compacted: slightly moist 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

I 

I 

84.51 ,5.9 

90.7 

I 

\91.4 

I 

I j 

173 : 

3.2 

J 



DATE(S) DRILLED: 

FEBRUARY 16 - 19,1999 

DRILLING CONTRACTOR: I 
_____ S_I T_E_S_E_R_V_I "_v_E_S_, _I N_C_, ___ J 
i DRIll BIT SIZE/TYPE: ! 
I 6' DIAMETER HOLLOW STEM AUGER i 

)RILLING METHOD: 

HOLLOW STEM AUGER 

BORING 8-14 

SHEET 6 OF 6 
DRILL RIG TYPE: 

CME 75 

I SAMPLING METHODS: 

! D&M TYPE -U' OR SHELBY TUBE 
, 
! HAMMER DATA: 

-------; 
i D&M JOB NO: 

I 
~--------

I 38057 - 003 - 035 140 POUND AUTOMATIC HAMMER, 30 INCH DROP 

I A?PROXIM .. HE GROUNDWATER DEPTH; 
j 

DAMES & MOORE 

i TOTAL DEPTH DRILLED; 
I 

I 

130 

135 

145 

GEOTECHNICAL INVESTIGATION 
GOLD HIll MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

133,5 FEET 

o = 6lCVISP'ERl:OOT:RC,pjv<:.~~~ 
U " ::lA!.,.£S 3.!.C-ro:: TY~e U SA'*"-=R 

ST~ SHElav1'UBE 
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DATE(S) DRILLED: 

FEBRUARY 10, 1999 

"RILLING METHOD: 

HOLLOW STEM AUGER 

I DRILL RIG TYPE: 

I CME 75 I ______________ _ 

I HAM~<\ER DATA: 

DRILLING CONTRACTOR: 

SITE SERVICES, INC. 

i 
I 
I 

I 
! DRILL BIT SIZE/TYPE: -II 

'
I 8" DIAMETER HOLLOW STEM AUGER , 

--------------------------------------~I 
-, SAMPLING METHODS: i 

, 
I 
I 

D&M TYPE "U" OR SHELBY TUBE 

BORING 8-15 

SHEET 1 OF 1 

D&M JOB NO: 

L ____________ 1_4_0_P_O_U_N D AUT 0 MAT I C HAM MER. 3 ° INC H DR _O_P _____________ -:--________ 3_8_0_5 __ 7 _--_0_0_3 __ -_0 __ 3_5 

I APPROXIMATE GROUNDWATER DEPTH: 

I GROUNDWATER NOT ENCOUNTERED 

r:RE?~~ED BY: _____________ i CHECKED BY: 

l _____ ~_I~'::..ELLE FLINT ______ ._=L__TrTVTMCC-UIlO-UGH·" 

SAMPLE 

: --.~ -----,---_ .. _-_. 
I ! ! al-a 

f I~ I W Z 1/1 W 
~ ~ w~ 1~l3ct 's~§ ~[g W I/IZ II\W w""-
...J Ww W> .... w .... :t: 1I\:t:~ I~>"" Wz :t: lLw 

5~ :t:O a. III 11.1- ;:uo. u .... 1ll ~C1 I-~ III :Eo. uu :E:E :ElL 'g i5~ .... ;:)1- fhl;: U 

~~ ZW <~ <ILl ~ 0'11. ~u. 11\ ~o ... ex: enZ 1110 I III It! en Will ZO o~ ~ 

o 

5 
U 18 15 5.5 ;) 6 

1.3 
21 
IB 

10 
U 18 12 2 10.5 10 5 

21 
28 
~ 

:5 
U 8 14 '3 15.5 6 2 

17 
24 
@] 

U 13 13 4 20.3 24 6 
20 

40 
30/1' 
[30/1'1 

TOTAL DEPTH DRILLED: 

21.1 FEET 

GROUND SURFACE ELEVATION: 

DESCRIPTION 

Surface conditions: Sparse vegetation (weeds) 

Mottled gray/dark brown, brown silty CLAY with 
occasional fine gravel and trace fine sand, soft to 
medium stiff, moist, medium plasticity 

Obstruction large cobble 'ikely (2 5 to 4 feet) 

Grades without sand or gravel, mottled gray/brownl 
brownish yellow with abundant calcereous deposits 

Pierre Formation Shaie, mottled biOIlll1i/gray, veri 
stiff, high plasticity, slightly mois~ highly weathered, 
weak 

Grades olive gray, hard, slightly weathered, 
mnrl"",tplv weak to moderately strong, slickensided, 

The bOring was cOf'lpleted at 21.1 feet. 

96 24.0 

o '" 9L0'1/3 ?Eq ;;C'='7:!= O';lVE~ s;... ... ?L.:::~ 

'J '" ;)A\~S & !'.'ORE ,f?E '.j 5A"~i!R 

DAMES & MOORE 

GEOTECHNICAL INVESTIGATION 
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,----------------------r----------- -----,---
DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 10, 1999 SITE SERVICES, INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING B-16A 

HOLLOW STEM AUGER 8" DIAMETER HOLLOW STEM AUGER 

SHEET 1 OF1 
DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 D&M TYPE "U" OR SHELBY TUBE 

HAM .. 1ER DATA: D&M JOB NO: 

14() POUND AUTOMATIC HAMMER. 30 INCH DROP 38057 - 003 - 035 
--------;-----------------------

APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

GROUNDWATER NOT ENCOUNTERED ! 6.S FEET 

PREPARED BY: ! CHECKED BY: ! GROUND SURfACE ELEVATION: 

t--- M!CHELLE FLINT ----------1 ---S-TE-;;-E-,-M-C-CULLOUGH +--- 6,210.7 FEET 
~ ,_". ____ .~ _~. ________________________ ~-1-__ . ____ ..,--. ____ --, ____ ._.,... ____ . __ .. _._._~--. _____ l~ __________ ~ ____ ~ __________ _ 

~ 
LU 
-' 
Q.w 
~o. 

;')i~ 
,-

I 
I 
I 

I 
I 
I 

L 

i , 
I 0 

I w 
a: 

IIIZ: I ",W 
WIU I w> 
:c> I :cO 
uii! uU 
~o i z:W 

I 
.... a: 
I-
I 
I 
I 
I 

I 
I 
I 

1) 

I 
4 

I 

I 

SAMPLE 

wit 
-,W 
Q.1ll 
::£::£ 
",::::> 
IIIZ 

t 
W'-.# 
.... :c 
0.1-
::£0. 
C(W 
1110 

5.5 

DAMES & MOORE 

45 
~O!4'1 

o 

5 
3 

10 

15 

20 

III 
U 
<II 
::> 

DESCRIPTION 

Surface conditions: Sparse vegetation (weeds) 

Olive gray silty CLAY wrth trace gravel, stiff to very 
stiff, slightly moist, medium plasticRy. 

~
~?a~~~~ Obstruction: Gneiss bedrock with silt, sand and mica, 

very light reddish brown, slightly moist (dry), fissured. 
weathered, weak. Note: Sample is 'granitic' in 
appearance (dark speckling), sand/silt/mica 8ased 
on previous borings and classification of overlying 
material (clay), this bedrock formation vanes 
significantly from other types at the site. 

Very slow advance from 5 to 6.5 feet, practical auger 
refusal. The boring was completed at 6.5 feet. 

Note: The boring was relocated approximately 50 
feet south to confirm observations (see B-168). 
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DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 10,1999 SITE SERVICES, INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING B-168 

HOLLOW STEM AUGER 8' DIAMETER HOLLOW STEM AUG ER 

SHEET 1 OF 1 
DRILL RIG TYPE: SAMPLING METHODS: 

C ME 75 0&i\1 TYPE'U" OR SHELBY TUBE 

HAMMER DATA: D&M JOB NO: 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 - 003 .... 035 

APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

GROUNDWATER NOT ENCOUNTERED 63FEET 

PREPARED BY: 

MICHELLE FLINT 

SAMPLE 

0 
E w 

c: c: wC: w VIZ VlW w~ .... Ww W> .... w .... ::c 
Q.w :1:> ::cO Q.al 0..1-
:S:Q. U'" Uu :s::;: ~e; <> zO:: zw «:I 
Ull- ... 0 .... 0:: UlZ lila 

U 15 10 5A 

DAMES & MOORE 

CHECKED BY: GROUND SURFACE ELEVATION: 

'---STEVE,'JC cUTCoU-<:iH- . t-. . ····-o:TtUT-Ffff··· 
._ ......... _ . ..'-____ .,_ .. __ ..... ___ ,-. ______ ._., __ ..... L .. ____ . _____ ._._ 

c: 
~U1C: 
U1 ww 

35~ 
OZ~ ...1 M 
call) 

46 
43 

5'014' 
p0l4j 

01-
WZIIl 

S~~ VI 
0:: I!) 

:l>-' Wz ::c u,..= ~Q1 !i:~ ~:l1-
g'8; I :lu. WI;: 

zo c ..... 

0 

5 
5 

10 

15 

20 

::c 
Q. 

~ 
\!) 

~ .... ... 
VI 0 :l III 

DESCRIPTION 

Surface conditions' Sparse vegetation (weeds) 

Olive gray silty CLAY, very stiff to hard Slightly rnaist, 
medium plasticity, somewhat blocky structure, 

Pierre Formation: Shale, mottled brown/gray/olive 
gray, hard high plasticny. slightly moist, slightly 
weathered, moderately weak to moderately strong. 
with iron oxide staining. 

Practical auger refusal at 6,3 fee\. 

o = !!LCV'.'S?CR rOO~ -::'F C?:\ri:R: SA.WLER 

U = OA.YE5 & YORE: lY:::i; U SAMl'-:iP. 
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DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 11 - 12, 1999 SITE SERVICES, INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 

HOLLO'!'} STEM AUGER 8' DIAMETER HOLLOW STEM AUGER 

DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 D&M TYPE 'u" OR SHELBY TUBE 

HAMMER DATA: 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 

APPROXIMATE GROUNDWATER DEPTH: 

, PREPARED BY: 
r-- .... ·· .. · ... -.---....... ----... 

87.5 FEET 

I CHECKED BY; 
.. ...... _-{ 

BORING 8-17 

SHEET 1 OF 5 

D&M JOB NO: 

38057 - 003 - 035 

GROUND SURFACE ELEVATION: 

M!CH ELL;:: FLINT STEVE MCCULLOUGH'~-'~~FEET-"'" 

I 

1 , 

:- ---.-.. -------------.---.--.;", ------.··----,,--~·-,-------·-.. · .. -T~--·- .. -L-- -- - .. ----.-.-.. ----.. ----c---.... - - -., .. 

SAMPLE , 

; I 

I" , 
0 

t i c: ~ wC: ~(I\O:: 
W tIlZ tIl W w"'" 1J1~~ 

I 
... Ww w> -,W -':I: o.w :1:> :1:0 o.al 

~Ii: ~uQ. 
~o. u .... U U :E:E oZ:E 
<> I zO:: ZW <:l <w ....... < 
tilt- .... 0 .... 0:: IIlZ 1110 <a1D1Il 

I 
ot-
wZIIl 
Sw~ c:~ Cl!o 
:::1>-1 Wz :I: u .... <a ~~ Ii:~ 
~~Ii: :::Iu. wt;: 

Will zo 0 ..... 

:I: 

~ 
DESCRIPTION 

I!I 
(1\ ... 
U .... 
III 0 
:l III 

! ~ 

w~ i 
~!z 
I-W 
001-... z 

i----t---r-----r---~'---_i--_t--~-----+---+=_-----j Surface conditions: 1" snow, sparse weeds 

, 

I 
0 

00, 
:Eu, 

I 

I 
I 

U 18 18 1 5,5 

U 18 18 2 10.5 

U 18 18 3 ',5,5 

U 18 18 4 20.5 
I , 

DAMES & MOORE 

9 
6 
9 

~ 

17 
9 
8 

O]j 

5 
4 
5 

~ 

2 
3 
5 
iCI 
t:I 

5 
6 

10 
6 

15 
6 

20 
6 

SM Brown silty fine SAND, loose, moist to yellowish-red. 

Lenses, thin layers of silt are likely. 

Grades brown to yellowish red silty fine SAND with 
interbeds (estimated l' to 24" thickness) of 
yellowish-red silt with fine sand, sand is loose, silt is 
medium stiff, primarily moist 'Mth some interbeds of 
wet silt, silt has low plastic~y (primarily si~y with sand 
interbeds) 

Fine si~y sand with interbeds, l' to 2" thick of si~, 88.2 6,9 
moist. 

Same as above, top IS fine sand, bottom is siit, moist. 86. 1 l~.;:r 

Sandy si~, moist, grades soft. 

o " 3LC'liS PER: ::ooT Cf DRIVER SA.~LE.R 

U " DAA£S &. MC'iRE TIP: U SAl.'?L.cR 
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-
DATE(S) DRILLED: DRILLING CONTRACTOR: 

I 

FEBRUARY 11 - 12, 1999 SITE SERVICES, INC. 

~ILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING B~17 

HOLLOW STEM AUGER 8" DIAMETER HOLLOW STEM AUGER 
SHEET 2 OF 5 

DRILL RIG TYPE: SAMPLING METHODS: 

eMf: 75 D&M TYPE 'U" OR SHELBY TUBE . ___________ --L ____ ._~ __________ ~_~ 

HAMMER DATA: D&M JOB NO: 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 - 003 .. 035 

APPROXIMATE GROUNDWATER DEPTH: i TOTAL DEPTH DRILLED' 

87 . 5 FEE T I 1 0 1 5 F E E'T 

rR,",.,o :'~~~~E ;~;; ---·1 CH'CO<';;S:~M-CCULLOUGH .._+-GROUNO SUR;::;L:E:~TIO-N-: __ . __ _ 
1-------------.. --sAMPLE-----------l I --r-------l--~------------- ------- --------r-l----l 
:-~-----l---~l--J f1~\I'l~ ~§~ ~~ I J: II DESCRIPTION ~ 'II ~~; 
. ~ lllffi Illl;;: 1 ~w I ~~ (J)~~ ~§ .... "'z J: ~ w -
I "-w J:> J:O I "-~ "-I- 3:u,,- u,..r:a ~a1 1;:...... III .... o"-'l!ft~ i 
I ~ ~ ~ a1 ' ~ ~ ~ => ~ fu 9 ~ ~ ~ &1;: ::l "- w t: ,~ 9 ~ ~ 0 ~ i 
f_IIl __ I-_i__ ... -c-+-.... -~-I'_\I'l-Z-i__Ul-Q_+-r:a-IO-\I'l+iJ-"'-\I'l_t_-z-o_+-Q-~__If__-::l_-l:n-rr.ITTv:pn'cn-rcl_____________ ! Q ~! ::r -:'J 

U 18 18 5 2S.5 

u 18 18 6 30.5 

u 18 18 7 3S.5 

u 18 8 40.S 

U 18 16 9 45.5 

DAMES & MOORE 

3 
4 
S 

~ 

5 
6 
8 

IBI 

6 
12 
12 

~ 

3 
4 
B 

B] 

12 
15 
18 

~ 

25 SM 

6 

-

1 
I 

30 

-1 6 

I --

35 - I 
6 

-j 

I 

40 
6 

I 
SP 

45 
6 

I 
ML 

, " 

I 1 : 
Brown 10 yellowish red fine silty SAND, loose_ moist I 78.8 ! 14.6 I 

I , : 

Fine silty SAND. 

Grades medium dense, brown SAND with silt and 
silty fine sand. Si~ at tip of sampler. 

Grades moist to wet, loose Brown ~o yellowish red 
silty tine SAND, observed 1~ to 3" trllck lenses of siit 
in sampler. 

Brown fine \0 medium grain SAND with trace of silt, 
medium dense, slightiy moist 

I i I 

I i I 

I 
! I 
I I 
: i ' 
l ' I 
I 78.61 21.7 1 

! I I 
I I I 

I I ! 
I I 

, , 
89 I 4.6 

I 
i 

I 

i 
i 

I 
Yellowish red SILT with trace fine sand, stiff, moist to I 
-. i 

! 
i 

I I I ! 

0" at!:WS?ERFOOT;;s:uFrlERSA.~~ 
U " OA.\£S &. MORE tY?E 1.1 ~ER 
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._------- ------------------

DATE(S) DRILLED: DRILLING CONTRACTOR: 
I 

SITE SERVICES, INC. I FEBRUARY 11 - 12,1999 

~------------------------~---------------- BORING B-17 
,)RILLING METHOD: DRILL BIT SIZE/TYPE: 

HOLLOW STEM AUGER 8' DIAMETER HOLLOW STEM AUGER 
SHEET 3 OF 5 

DRILL RIG TYPE: SAMPLING METHODS: 

GMf: 75 D&M TYPE 'u' OR SHELBY TUBE 

HAMMER DATA: D&.M JOB NO: 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 - 003 - 035 

APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 
, 
I 875FEET l _____________________________ _ 1015 FEET 

----- ------1 

PREPARED BY: j CHECKED BY: , GROUND SURFACE ELEVATION: 

MiCHELLE F L!NT r----SrE-~E~IC CULLOUGH------'- 6,176 5 FEET 

------·-----·---------~~--·-----.L-----T·--l----·-l---------,---------- -'-- .-------------- -'1--' r 
,1z~,1 J I ~o. ~l-~o. ~ II! ~ -~o.-~~ ~ il ~ ~-1 % I II ~ I DESCRIPTION tILl ~ ~ ! 
o.w i ~g~ ~2i! ~~ ... h: 0>2': ... l.l!3,..-:EQ! h:-- I l1 ;::! I lin 
:Eo. I u~ I u~ I «::l ::i:w I~"':i <CO'o.l ::Iu.. , ... Ii: I Ill, 0 , I ~u O~ I ~~ ::ic ::it:z: CIlZ CIlC cg",CIl UWCIl 2:0 C'-' ~ I III ! i Ce::.i:Eu i 

I
-i --- 1'- I I I! 150 ML I! III 1\ Yell:;~h-re-d-s-iltwit~::e-fi-ne-s-an-d,-st-iff-, ~:~on' -t-7-g-S-I-34-.-7-1 

U 18 16 10 50.5;~ 6 I top, wet on location. I I 

I ~ ,I III i 

U 

u 

U 

U 

'" I '" I" ;;; I ! ,55 1\' ,III, I Gm,,", """~ ••. ~, " i '" 
I 1\ "' I II II I ! I I 

I I I ! 

" I" " co, ~ I I' 60 I 1III II Gmoo, ~ .,ff ~I. 'ow~ '" I ~, 

" I " I" ",I ~ ,65 I)' II " III ~''''''. ~" .• '",M~", 
18 

I I I 70 III ,II i 
18 I 14 \1 70.5 1~ 6 I I i 
I ~ II ,II 

I
II1 I I' I '\! 

I I I I I 
I ! I. , 

GEOTECHNICAL INVESTIGATION 
GOLD HIll MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

DAMES & MOORE 

86.8 12.9 

83.2 25.1 

o : Sl.Ot>/S PER ;Q(JT:F OFaVER.s,.o.API£,R 

u "' ~\ES&~:;.~TY~USMPtER 

ST= Si-£LBYT1.JSE 

SOOOOl-li6.: 



DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 11 - 12,1999 SITE SERVICES, INC 
.-~----------------------------~ BORING B~17 

RILLING METHOD: DRILL BIT SIZE/TYPE: 

HOLLOW STEM AUGER 8" DIAMETER HOLLOW STEM AUGER 

.-------------------------~ i 
DRILL RIG TYPE: 

SHEET 4 OF 5 
SAMPLING METHODS: 

CME 75 D&M TYPE 'U' OR SHELBY TUBE ;-______________ . __ -'-_______________ .1-___ . ___________________ _ 

HAMMER DATA: D&M JOB NO: 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 - 003 - 033 
.:-...---------------------

APPROXIMATE GROUNDWATER DEPTH: ! TOTAL DEPTH DRILLED: 

875 FEET 1015 FEET ; 
._---------_._--

! PREPARED BY: 

MICHELLE FLINT 

u 

u 

u 80.5 

U 95.5 

I 

DAMES & MOORE 

I 3 

~I 
6 II 
12 
14 

~I 

I 

I 

'""~""' /90 
~L .... flY II f 

I 
III 
r 

,I 

5 
95 

lCH_ 

_______ ~ __ •• __ J 

i GROUND SURFACE ELEVATION: 

DESCRIPTION 

Grades medium stiff, veri wet. 

Disturbed sample. 

Grades stiff, observed water HO'ning off of, et.1 of 
sampler, Estimated depth to water, 87-112', based on 
water mark observed on drillir:g rods. 

Greenish gray to olive gray clay (fat). very stiff, moist 
to wet, with roots and trace celcereous deposits (day 
is a product of shale weathering), 

______ .. .1.. 
i 

---; 
I 

i 822131 7 ! 
I I ! · , I I I 
· i 
i I i , I 
I I 

ISS1 i 34 1 

I ! 
: I 
· I 

! ! 
, I 

169.31579 I 

I I I , I : 

! 
I 
I I 
! ! 

I ! 
! I ! 
I 78 h , A" 3 i 
I ' .- I'~ I 

, I 

I I I 
! I J 
I ' 
I I 

i 
j 

o -0; :&":\'f'S ~ ,::c-:)~ :;f CRtVER s.vn:u:;=: 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

Li :; OA.I,£S t. MC~ T'fP£ U SA~.f:t..ER 
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DATE(S) DRILLED: 

FEBRUARY 23, 1999 

DRILLING METHOD: 

I HAND AUGER 

I DRILL RIG TYPE: I 
I 

SAMPLE 
_._._._- - -_._--;--

I 

HA 2.0 

HA 2 4.0 

3 I 6.0 

H' ,M 4 8.0 

7'i?3;:1 
~ DAMES & MOORE 
Btfi~~ ""O.w.6 i.~ GOOu? CO~APA;';Y . 

DRILLING CONTRACTOR: 

SITE SERVICES, INC 

DRILL BIT SIZE/TYPE: 
BORING HA~2 

HAND AUGER 
SHEET 1 OF 1 

SAMPLING METHODS: 

J: 

, ~ 
: i Cl '" .... u .... 

DESCRIPTION 

'" 0 => '" 

Surface conditions Sand 

o 

SW :'-::'.: ," 0., ~ moderately poorly graded, soft, slightly moist. 

:':'-\' • ;;~ 0 

5 

10 

20 

Gravelly sand, reddish brown, moderately well 
graded fine sand through coarse 2" gravel, tougher 
augering, moist to slightly moist. 

Gravelly sand, as above yellowish red to reddish 
brown. 

Gravel/cobbles/sand, yellowish red to reddish brown, 
cobbles are subround, slightly mcist. 

The boring was completed at 9 feet. 

o :;: SLCWS PER FOOT co: DRIVER SA.VPL.E:R 

'J :;: ~~s 3; .·.-~RE iY?E U SAm''..ER 

ST= S~Lay ruBe 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

• ALL =LEVA"C~ ES'11~/ATED FROM TOPOUAP 

I 
I 
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----------,-----------------------------
DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 11 - 12, 1999 SITE SERVICES, iNC. 

)RILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING B-17 

8" Df,;METER HOLLOW STEM AUGER I HOLLOW STEM AUG ER 

I
I DRILL RIG TYPE: 

CME 75 

SHEET 5 OF 5 
SAMPLING METHODS: 

D&M TYPE ·U· OR SHELBY TUBE 

I HAMMER DATA: D&M JOB NO: 

L 140 POUND AUTOMATIC HAMMER. 30 INCH DROP 38057 - 003 - 035 __ ~ __________________________________ _J 
I I APPROXIMATE GROUNDWATER DEPTH: ! TOTAL DEPTH DRILLED: 
I 
l 
I PREPARED BY: 
+~------ ..... 

87 5 FEET 1015 FEET 

i CHECKED 

-+ 
t 

BY: 

---------~---__1_ _____ . 
i GROUND SURFACE ELEVATION: 

6,176.5 FEET i MICHELLE FLINT 
;----.------~-------.------- -----1. ----- -, ---_.--._-- ---. '.--- -- ---'--"--~--- ._---'»---, . . ! 
i SAMPLE 

I 
Q 

f o! W 
~\IIo! o! o! wo! W \liZ \IIW -,w W~ U1~~ -' Ww w> -':I: o. w :1:> :1:0 o.Ul 0.1- 3:uQ. 

::Eo. ! u .... UU ::E::E ~fli OZ::E 
~~ zo! I ZW ~~ ........ e( 

... 0 .... o! \IIQ all.O\II 

U 18 14 20 100.5 16 
17 
29 
H§ 

I 

! 

DAMES & MOORE 

I I 
! 
! 
; 

QI- >- Qi 
WZ\II J: DESCRIPTION t:; w ff ] 

~~~ o!~ ~ c.n 
Z ~!zi Wz W 

a2:iil :I: I!) o~ ~l:il t:~ U1 .... t:ll- u ... >-w "'Z 
0'0. ;;)u.. Wu.. 1Il 0 o!U 00 
WUl ZO Q~ ;;) \II I 

Q::;' ::Eu 
Iii I!! I 

._-------- ----------- I , 

-; 

100 I CH CLA Y, same as above 

4 

Boring completed at 101.5 feet. 

105 

110 

115 

120 

I 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

95.7 27. 7 

, 

I 
I 
I 

I 
I 

I 

I 
I 

I 

i 
0;;;; Sl..O'VSf':R;:OOT:FOr,,\lt:R~.Y?;.E.::<; 
.... :0 OPJ.ES & YJOP.:E 'iY~ 1.1 ~M'\.ER 

I 

: 
, 
i , 
I 
t 
I 

I 

I 
I 

, 

, 

; 
I 
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DATE(S) DRILLED: DRILLING CONTRACTOR: 

MARCH 3, 1999 SITE SERVICES, INC 

,)RILLING METHOD: DRIll BIT SIZE/TYPE: 
BORING B-19 

HOLLOW STEM AUGER 8' DIAMETER HOLLOW STEM AUGER 
SHEET 1 OF 3 

DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 D&M TYPE 'U' OR SH ELBY TUBE 

HAMM!:R DATA: D&M JOB NO: 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 - 003 - 035 
------_._-------_._----_._, 

APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

GROUNDWATER NOT ENCOUNTERED 71 5 FEET 
,-.------ .... --.----.. -TI--------

i PREPARED BY: i CHECKED BY: I GROUND SURFACE ELEVATION: 

.. t===·.-_···_···.·_~~~;_-~_·-_;~_-~-I ~~K_A .. _-_·_-~~_-_-_~I~~ __ .- .. 'STEV-E~-"'._l~C -_C
T

-U._-.L_'_L __ ·O_·"'_U_G_H_ ... _., ___ .. _.t1... __ .. -. --- .. _~,~_~~~ _____ ... __ , ___ "' __ 

SAMPLE 

Q a:: f W 
~Ula:: a:: a:: 

W UlZ UlW wa:: w~ Ul~~ -' ww W> .... w -'l: Q. w x> XO Q.Ul 0.1- 3::uo. 
~Q. u .... UU :E::E: :Eo. OZ:E 
,;H: z~ ZW <::0 ;A~ -' .... < 

... 0 ... 0:: IIlZ UlIOUI 

QI-
",ZUI 
I-w3:: UI 
:5~0 a::~ 
::1>-' WZ l: 
u ... Ul ~Q2 li:~ t:ll-0'0. ::Iu. wt WUl ZO o~ 

0 

l: 
Q. 

~ 
~ 

III -' u ... 
In 0 
::I II) 

SM 

DESCRIPTION 

Surface conditions: Sparse vegetation 

Silty SAND, yellowish brown, poorly graded, very fine 
to medium drained, subangular to subround, very 
loose, slightly moist. 

; 
.. , 

I 
I 

5 
U 18 15 5.5 4 2 5 16.3 I 

'4 
4 
§ 

U 18 16 2 10.5 7 
10 
10 
@9 

U 18 16 3 15.5 6 
7 
12 

!ill 

U 18 18 4 20.5 6 
6 
12 
!!] 

DAMES & MOORE 

2 
2 
§l 

3.5 
5 
5 

IEl 

3 
3.5 
6 

[§ 

3 
3 
6 
'" 1:! 

10 
6 SP 

15 
5 

20 
5 

SAND, reddish brown, poorly graded, fine to coarse 
grained, subangular, loose, moist. 

SAND, as above, less coarser grained [radions 
noted. 

SAND, reddish brown, poorly graded, medium to 
coarse grained, angular to sub round loose, slightrj 
moist. 

i 
1 

! 80.2 i i.8 

I 
i 

I : 

I 82.9 ! 8.0 

o .. ~ ?E.~;ocr CF OFWER SAJoFLE.1? 

U .. Q;J.£3 &-~ TfF'E U SANP-... ER 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

ST" srELErr'Ttl8E 
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I DATE(S) DRILLED: DRILLING CONTRACTOR: 

I MARCH 3, 1999 

RILLING METHOD: 

SITE SERVICES, INC. 

DRILL BIT SIZE/TYPE: 
BORING B-19 

HOLLOW STEM AUGER 8' DIAMETER HOLLOW STEM AUGER 

~----------------------------------~1----------------------------------~ SHEET 2 OF 3 
DRILL RIG TYPE: i SAMPLING METHODS: 

CME 75 
I 
I 
l, 

D&M TYPE 'U' OR SHELBY TUBE 

HAMI"lER DATA: D&.M JOB NO: 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 - 003 - 035 

i~PPR~~IMATE -GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

I i GROUNDWATER NOT ENCOUNTERED 715FEET 
;---~.--------.--------------, -----------.. -----~--------'----------------------

----ij'..REP..AKI;,D BY: __ .. _____ + CHECKED BY: GROUND SURFACE ELEVATION: 

I B ILL POL i V K A I co T C \I C ~A (' f" U I ! ('II t ~ ~ 

1-------·--- --;:.~".--- ----'---(' " '! :': :r~:::::l 6,195.2 FEET 
-.--,---.-~-----. ----.~------~-~~.--------.-

i 

f 

~J~~--:~ '~~-~~1i~~' ~h m~. I II ~ II' 

~ ~ I ~ ~ I ~ ~ ~ ~ ~ § ~ ~ ~ ~ ~~ ~ ~ § ~ ~ g 

DESCRIPTION I ~ ,I ~~! 
I Q ..... !i;~' 

)oW .... z' 
;Q!~;Oo! 
I Q ...... I :£u : 

r I U 18 18 5 25.5 7 
B 

12 

~ 

U 18 16 5 30.5 7 
8 
12 

~ 

U 18 16 7 35.5 4 
8 
8 

~ 

U 18 17 8 40,5 12 
14 
18 
[?l 

U 18 16 9 45.5 8 
12 
11 

~ 

DAMES & MOORE 

25 
3 6 
4 
6 

[1] 

30 
3.5 5 I 4 
6 

[1] 

35 
2 5 
4 
4 

~ 

40 
5 6 
7 
9 

Il§l 

4 5 

1

45 

6 
5.5 

SP 

SPI 
SIN 

SP 

-----;;~.---__t____f 

SAND, reddish brown, as above wilh 1/8" seams of I 87.7 I 5,7 
coarse sand, loose, slightly moist , 

SAND with silt layers, reddish brawn, poorly graded, 
fine to medium grained, trace: red sih, loose, slightly 
moist 

SAND, as above, grading coarser, moderately 
graded, slightly moist, 

SAND with silty sand layers, medium brown, layered, 
moderately sorted/graded in each bed, SAND - fine 
to medium grained, subangular to subround, SILT, 
very fine to fine grained, slightly moist to dry. 

I j 
I ! 

I i 
! I 
, I 

I 
80.4 I 5.5 

I 

m I 

Grades SAND, medium brown, poorly graded, fine tD 
medium grained, subangular to subfOund, loose, 
slightly moist, trace: gold 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

0" a::v.t3?ER;:~'CEDRlVERSMPI.E~ 
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DATE(S) DRILLED: DRILLING CONTRACTOR: I 
1 

MARCH 3. 1999 SITE SERVICES, INC ~ BORING B~19 
DRILLING METHOD: DRILL BIT SIZE/TYPE: 

HOLLO\fj STEM AUGER 8' DIAMETER HOLLOW STEM AUGER 

SHEET 3 OF 3 
DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 D&M TYPe "U' OR SHELBY TUBE 

HAMMER DATA: D&M JOB NO: 

14j POUND AUTOM.A.TIC HAMMER, 30 INCH DROP 38G57 - 003 - 035 
------------ ._-----! 

APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

GROUNDWATER NOT ENCOUNTERED 71 5 FEET 

i PREPARED BY: i CHECKED BY: GROUND SURFACE ELEVATION: t-··-··· ~.;~ L ·~o~~ I;;K A-------· 1"- S TE V r; Me C U LLO UGH ---.... .. -r----. ·--6~95· 2FEET--.... 
~ ... _ .. ___ .. _____ . ___ ... _. ____ .• ___ ~I ___ ... -... -_1 __ -_--- . __ ---------.. -.---r----r-. 

u 

u 

u 

u 

(l)Z 
ww 
:z:~ 
Vet: 
~O 

18 

18 

18 

18 

15 

o w 
et: 

(l)w 
w> 
xO 
UU 
ZW .... ~ 

16 

18 

16 

15 

12 

Si\MPLE 

10 

11 

12 

13 

14 

t 
w"" .... x 
a.~ 
~a. «w 
(1)0 

50.5 

55.5 

60.5 

65.5 

70.5 I 

DAMES & MOORE 

7 
8 
14 

I?1l 

10 
14 
18 
~ 

12 
25 
28 
e3l 

10 
14 
16 

~ 

10 
30 

50/3" 

3.5 
4 
7 

ITIl 

5 
7 
9 

~ 

6 
12.5 
14 

6 

5 

5 

50 

55 

60 

<II 
U 
!Il 
::l 

SP 

DESCRIPTIO N 

SAND, medium brown, poorly graded, fine 10 
medium grained, subangular to subround, loose, 
slightly moist; no note of gold. 

SAND, reddish brown, moderately graded, fine to 
medium grained with 1J2" coarse grained strata. 
angular to subround, slightly moist 

~ 
!Il 
Z 
W 
o~ 
>oW o::U Oe:. 
124 4.6 

SAND, recf<jish brown, moderately poor graded fine 90.9 4.7 
to medium grained, subangular to subround, medium 
dense, slightly moist. 

ru 

5 
7 
8 

B}J 

5 
15 

6 
65 

CH 

4 
70 

SAND, as above, with poorly graded coarse sand 
interbeds, 5ubrouno to angular loose, slightly iirCist. 

Pierre Formation: Claystone in bottom 1', olive gray, 
highly weathered, Slightly moist 

Shale, oliva gray, dense, fresh/unweathered, limonite 
stain, CA mins in fractures, dry. 

Boring completed at 71.5 feet. 

87.2 6.6 

104 22.7 

o " 31..01,'3 .=r"'"";R FOOT ~ O~vER s,.::..w:oL.E? 

!.J :>. DAAES.!MOp.ETi?aUSAW ... :p. 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

ST .. SH:LSYTUe.E 

SOOOOI - H6:! 



~----;:------------- -----------, 
DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 10, 1999 SITE SERVICES, INC 

BORING 8-20 :ILLING METHOD: DRILL BIT SIZE/TYPE: 

i 8' DIAMETER HOLLOW 

SAMPLING METHODS: 

CME T5 D&M TYPE 'U- OR SHELBY 
--------___ --~I 

HOLLOW STEM AUGER 

DRILL RIG TYPE: 

I 

STEM AUGE~ ___ l 
I 

TUBE I 

SHEET 1 OF 1 

HAMMER DATA: 

I
I D&M JOB N

3

0

0

.,:O ,_, 

~ -003-035 
-----

TOTAL DEPTH DRILLED: 

I 11.5FEET 

1·\0 POUND AUTOMATIC HAMMER. 30 INCH DROP 

I APPROXIMATE GROUNDWATE~ DEPTH: 

GROUNDWATER NOT ENCOUNTERED 
I ---------j 

i i 
I I 

SAMPLE 

0 0:: E W 
~IIlO:: 0:: 0:: 

wO:: W IIlZ <II W ~...., (J)ww 
~ Ww w> ... w ::C[ "-w :1:> J:O Q.a:I Q.J: 

~g: ui;1 UU ",::;: ::;:!i: ,OZ~ 
~o ZW «:> c(w -,M 

!I'll- ... 0:: IIlZ <110 I I:Q I,Q en 

U 17 15 5.5 18 
2.7 

50/5' 
(s0/5'1 

U 18 14 2 10.5 6 
24 
38 

~ 

DAMES & MOORE 

-- ~·t-

01-
WZIIl 
~w~ III 
~O O::\!l 

:::1>-' wz J: u ... a:I ~Ql I-~ 
5:::11- fut:: O'Q. :::IlL 

Will ZO 0 __ 

0 

,. 
J 

6 

10 
5 

IS 

20 

~ 
I III 

:> 

J: 
"-
~ 
\!l 
~ 

~ 

DESCRIPTION 

Surface conditions: No vegetation 

Brown silty CLAY. very stiff to hard, slightly moist to 
moist, calceious depos~s. 

,-.,,-,. .... "'---- - - - - - - - - - - -
Pierre Formation: Yellowish red to olive gray Shale. 
very stiff to hard, high plasticity slightly to moderately 
weathered, moderately weak., blocky, slickensided. 
with "veins" of calcareous deposits (similar to fine 
sand with mica). 

The bortng was ccmpleted at 11.5 feet 

I~ 
In 
z 
w 
o~ 
>-w 
o::U Oe:. 

o .. et.a..· .. s F'9. FeeT CF ~Ri"'-~ s;.."A='-:;~ 

u '" QA.YES & ~A.E "7YPE 'J SA:'..PL=:R 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

S7." Sf-ELSYn.,.-sE. 

SOOO<}I-I!&: 

I 



DATE{S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 10 - 11,1999 SITE SERVICES, INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING 8-21 

HOLLOW STEM AUGER S" DIAMETER HOLLOW STEM AUGER 

SHEET 1 OF 3 
DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 D&M TYPE 'U" OR SHELBY TUBE 

HAMMER DATA: D&M Joa NO: 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 - 003 - 035 

I TOT.<\L DEPTH DRILLED: 

54.8 FEET 

6,174.6 FEET 
--.--------. _. -----. --~- -- ---- ------- .-.-- -- "".- ._---- .-----.-.. '- -" _. 

SAMPLE 

0 = W E ~(II= ; a: = w= w (liZ VlW w~ Ul ww 
! .... ww w> .... w .... J: 3:0~ o.w J:> :cO 0.= D..t-
1 ~~ ~~ uQ1 UU :Eo. 9~::l! ZW <CW ~o .... 0:: <liZ til 0 ='DtIl 

I 
I 

I 
i 

I 

U 18 18 1 5.5 5 
I ,10 
I 13 

~ 
1 

I 

U 16 18 2 10.5 11 
7 

12 

I 
I}] 

I I 

ST 30 27 3 15-17,5, --

I 

U 18 14 4 20,5 2 
3 
7 

I r.;::J 
~ 

, 

DAMES & MOORE 

i 
j 

ot- J: DESCRIPTION ~ ~, wZ<II D.. ... WO , 
t-w3: =(11 Ul 

~~O ~ Z ~~; wI!) w ::;,> .... =z J: I!) Ii;~! u .... = ~~ t-~ ~ 
o~ .... )oW 5:;) .... ~G: 0 

....z 
0'0- :::lu.. Vl a: U 00 
WVl zo o~ :::l Vl oe:. Su c==- s""~ 00",,",,,, s,."_,,, : 

i 
0 

I SM 
i 

j 
I , 

I 
! 

5 
Brownish, yellow siny fine SAND, loose to medium _. 6 73 24.4 

.1 dense, slightly moist 

10 
-- 6 Grades brown. 91 8.5 

!S ! I -- - Topped sample off with fine light gray sand. 

I 
! 

I 

( 

1 20 ML Yellowish red SILT with trace fine sand, soft to 
- 6 medium stiff, moist to wet, low plasticity, 

! 

i 

! i 
o " at.Ot.'S~:R ~OOi:'; OP.iVER SAWr">..ER 

U ::II DN.eS~YO?.-GTYPSUSA/.P\.ER 

GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 

ST= Sl-Elil'f11.rBE 
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DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 10 - 11,1999 SITE SERVICES, INC. 

"RILLING METHOD: DRILL BIT SIZE/TYPE: 

HOllOIN STEM AUGER 8- DIAMETER HOLLOW STEM AUGER 

DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 D&M TYPE 'U" OR SHELBY TUBE 

HAMMER DATA: 

140 POUND AUTOMATiC HAMMER, 30 INCH DROP 

APPROXIMATE GROUNDWATER DEPTH: 

BORING B-21 

SHEET 2 OF 3 

D&M JOB NO: 

38057 - 003 - 035 

i TOTAL DEPTH DRILLED: 
; , 

__________ -.J1 _______ 5_4_._8. ~_E_E_T _____________ _ 46 FEET 
;--------.. ~.-.-------.--

PREPARED BY: I CHECKED BY: i GROUND SURFACE ELEVATION: 

M CHELLE FLINT t------ST81F~TOTJGM----- --1------- -&,TTzr-u-ftt-1 

SAMPLE 

.. o'----r---T-----I------·-r ... --.-.-.-- - .----.-------.--.-.---.-- r-

I I I 
i ~--TI -- - !--~-T---~--I'-~~-~I~~~-~·~- 'Il:c DESCRIPTION ~ II~! J 

w ~z: I tn W 
I wO:: w~ ww:5..;O a:\!j 'I: ~;:) ~ ffi :::IZ' .... I Ww I w> I ..... w ..... X I~X"'" :::I> .... wz X \!I C I-W 

'''-w X> :cO 1 a.~ I "-I- 3:ua. u .... 1Il ~Q1 1-.... wI ~I-. 
~a. U01 I ~trl I ~:::l I ~~ g:s~ :;;IE-li::::ILl. ~t 0 ~u OZ, 

I-tn-:-I~: i ~,-a:_L-.,-ZFl~·r-Z-6·-0-+-12-:-~-_+I--"-1L-'rTlrrr"',-r~.-n-I'-'-I"'-i,-l--·-- ___ __ m_____! :~ -~s-~ i 
I I II I ~. I,' I Grades to sandy si~. i 

I i I I I' I .1 1 I ! 
I u "I '" 'I "" ,30 I i I " In., i 
, I I ~ I " m.tr*;~i% -"~, SAND .'"'~ ,""~, m,.&. ! 

! 
! 

U 35.5 3 
4 
5 
[i;1 

35 
6 

SM Brown silty fine SAND and interbedded seams (114" 
- 1" thick) of yello"";sh red silt, loose sand/soft to 
medium stiff silt, wet. 

I ML Yellowish red SILT with interbedded fine sand 

I
'jll l Ill' i\.\111 

I
I I I I seams/layers (estimated thickness" 1" to 2.4") soft to 

U 18!. 8 I 40.5 1 6 I ! ! I i I ! I 
I

i 18 40 I! I medium stiff silUloose sand, wet. 
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I 
DATE(S) DRILLED: 

FEBRUARY 10 - 11,1999 

DRILLING CONTRACTOR: 

SITE SERVICES, INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING 8-21 

I HOLLOW STEM AUGER 

I DR!LL RIG TYPE: 

8' DIAMETER HOLLOW STEM AUGER 

SHEET 3 OF 3 
SAMPLING METHODS: 

CME 75 ! D&M TYPE 'u' OR SHELBY TUBE 

HAMMER DATA: I D&M JOB NO: 

14J POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 - 003 - 035 

I 
I APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

46 FEET 54.8 FEET , 
·---1, 

+_ P: .. '_.::Rt:..::E: ..... :..p ) .. ~,A: ,~.::Rt:..::E:~D=--B_-'-Y'--: __ ~ ___ ~ ___ ~ ____ ~ ____ tc:HE_CE~~ By..: ______________ ~ ____ I GROUNDu~_':l..R~ACE ELEVATIOill-=- ~. 

1~ ___ ._. ________ i_vi_iC_H_E_L_L __ E'_-_F __ L_i_N __ T ____ ~ ____ l, ___ ,-,._s_T __ E,_'v,'E_rv_l_c_cTu_'L_L_O_U_G __ h_'~ __ , ____ J ____ ,_._._.-... _ .. ,.,,6_,_1 __ 7,4 ___ .,6 __ F_E_E,T_, ____ ,-____ " ___ ~ ___ ~ 
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CH Pierre Formation: Shale, olive gray, hard, high 
- - 50 plasticity, slightly mOist, highly to moderately 

weathered, weak, blocky, with striations of fine sand, 
y; calcereous deposits (similar to white fine sand) and 

- iron oxide staining. 

I 6 

55 

Boring completed at 54.8 feet. 
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COLORADO SPRINGS, COLORADO 
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DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 15.1999 SITE SERVICES, INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING 8-22 

HOLLOW STEM AUGER 8" DIAMETER HOLLOW STEM AUG ER 

SHEET 1 OF 3 
DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 D&M TYPE 'U' OR SHELBY TUBE 

HAMMER DATA: D&M JOB NO: 

1-\0 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 _. 003 - 035 

APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 
I 

45 FEET 51 5 FEET i 
PREPARED BY: CHECKED BY: GROUND SURFACE ELEVATION: 

_.--.-.c---. - .. -.--.. ----
S T EVE ···M C C U L LOU G H-·---·-· .--+I-------.--.,,-t> .,',""" ,"':> .. ..,.. /·ct-"'t::"'.c"'-l- --.-------.. -... --BILL POLIVKA 

, SAMPLE 
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u 18 18 5.5 

u 18 18 2 10.5 

U 18 18 3 15.5 

u 18 18 4 20.5 

DAMES & MOORE 
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DESCRIPTIO N 

Surface conditions: Grasses 

Sitty SAND, light red brown, loose, dry to moist. 

Grades SILT with sand layers, yellowish red, 
interbedded, very fine to fine grain, silt has low 
plasticity, loose to very loose, moist. 

SAND, yellowish red, very fine grain, very loose to 
loose, moist 

SAND, iight yeiiowish redibrONft, nile to veri fins 
grain, very loose, unconsolidated, dry to moist. 

Sandy SILT, light yellowish red, very fine to fine, 
loose, slightly moist. 
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I 
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70.1 
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GEOTECHNICAL INVESTIGATION 
GOLD HILL MESA PROPERTY 

COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 



I 
I 

DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 15,1999 SITE SERVICES, INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING 8-22 

HOLLOVV STEM .AUG::R 8' DIAMETER HOLLOW ST!::M AUG ER 

SHEET 2 OF 3 
DRILL RIG TYPE: SAMPLING METHODS: 

eME 73 D&M TYPE 'u' OR SHELBY TUBE 

HAMMER DATA: D&M JOB NO: 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 -- 003 - 035 

APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

45 FEET 51 5 FEET 

u 18 18 35.5 

I , 
I u i 18 I 18 S 40.5 

I 
I , 

I 
U 18 I 18 9 45.5 

I , 

I I I I 1 
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DAMES & MOORE 
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'3 I 

I 

I 45 
6 
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OL 

Grades sitty SAND layer, yellowish red/brown, very 
fine to fine grain, soft, grading down to silt, moist. 

SILT with interbedded silty sand layers yellowish red 
to red brown sand, very fine to fine grain, moderately 
graded, low plasticity in interbedded si~s, moist. 

I', I II II Grades SILT, yellowish red to dar~ brown, veri fine 

I '! III ! i I rill gram, wet trace roots on bottom cone. 

Organic SILT, black, soft, moist. 

Started getting stiff. 

I 
i 

74.3 ! 40.1 

90,6 14.3 

7.1 46.7 

66.9 58.8 
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DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 15, 1999 SITE SERVICES, INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING 8-22 

I HOLLOW STEivl -'lUGER 8' DIAMETER HOLLOW STEM AUGER 

i DRILL RIG TYPE: 
SHEET 3 OF 3 

SAMPLING METHODS: 
I 

CME 75 D&M TYPE "u' OR SHELBY TUBE 

j HAMMER DAT,\: 0&1'01 JOB NO: 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 - 003 .- 035 

, APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

L 45 FEET 51.5 FEET 

I PREPARED BY: ~ ____ i~~~~~~~~_BY~~ ________ ~ ____ ~_~_~~ ____ i GROUND SURFACE ELEVATION: ~i- ~~ ___ ~~~_~~~_. ~~~~~_~ ___ ~ __ ~_~_ 

! _____ ~___ _~_~=-=-~~ LIVK,~ 1 STEVE MCCULLOUGH :---~~- ~-~-----O,1!o.! FEEl . n_u~_~.~_~_~ __ ~ 
~-~--'-.~--.--.-~ r---------j--·-L -"----- -~----"------- -----1--

SAMPLE 
I.: 

,,-r-------~II---~ III --~-.-II f ~~-Ul-" ~ffi~ UI UI I ~.... II DESCRIPTION I ~ ~~' 
~ UlZ UI~ ~ffi ~;; Ul~~ ~:;i9 ffi~ X ~ I wO_ ~~ 
Q. w ww Wo I Q.1Il 10.'- "'UQ. :;'?!/II /1100\ I- I -- Ul~ 
:;; x~ I Xu :;;:E ::Eli: "'Z::E u:;'I-:ED: Q.~ )oW ... z 
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CH Pierre Formation: Claystone bedrock, olive gray. stiff, I 92.7 ,'Ii 23 

I 
50 very fine grain, dry trace: calcium min. 

I 7 6 ! i 

I
I ~I; II ~ ~ l~--~~~~~-----------------------------+--~ 

8 ~ Boring completed at 51.5 feet. 
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COLORADO SPRINGS, COLORADO 
FOR GOLD HILL MESA JOINT VENTURES 
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----,------------------------------,-----------------------------
DATE{S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 15,1999 SITE SERVICES, iNC. 

'RILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING B~23 

HOLLOW STEM AUGER 8' DIAMETER HOLLO'll STEM AUGER 

SHEET 1 OF '1 
DRILL RIG TYPE: SAMPLING METHODS: 

CME 75 D & ~1 T Y P E "U' 0 R S H EL BY TUB E 

HAMMER DATA: D&M JOB NO; 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 - 003 - 035 

APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

GROUNDWATER NOT ENCOUNTERED 21 5 FEET 

CHECKED BY: 

STEVE MCCULLOUGH 

SAMPLE 

-T" --'--1''''---

I 01-a E cc wztll J: 
W 

~:tlo: ~W3 til ~ e! i 0: i we! <i!o e!CI w UlZ tIl W W ...... 
tIlJ:~ wz .... lUlU IU> ..Jw ..JJ: ::l>-' J: CI o.w J:> J:O Q.co 0.1- 3uo. u~cc ~Q! li:~ til ..J 

::Ell. u~ UU ::;:::E ~fh oz:::;: .... :;)1- u ~ 
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DESCRIPTION 
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Surface conditions: Sandy gravel and weeds 

Light brown to brownish yellow SAND with up to 
i-inch gravel. 

Gravely SAND, brownish yellow, medium to very 
coarse grained, moderately well graded, 112-inch 
gravels. moist, very loose 

SILTY SAND - brownish yellow, very fine to very 
coarse grain, moderately graded, less gravels, loose. 
dry. 

Heavy gravel, possible cobbles, granitic/gneissic. 

PIerre Formation: CLAY - olive gray, stiff, heavy iron 
W.;i%~W.11 mineralization, slightly moist, bedrock. 

Becoming more stiff, less weathered. 

The boring was completed at 21.5 feet. 

I 
109.3 I 8.9 
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------------------------------

DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 25, 1999 SITE SERVICES, INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING B~24 

HOLLOW STEM AUGER 8- DIAMETER HOLLOW STEM AUG ER 

SHEET 1 OF 1 
DRILL RIG TYPE: SAMPLING METHODS: 

C ~1 E 75 j D&M TYPE 'u' OR SHELBY TUBE 

I HAMMER DATA: D&M JOB NO: 

140 POUND AUTOMATIC HAMMER, 30 INCH DROP 38057 - 003 - 035 

APPROXIMATE GROUNDWATER DEPTH: , TOTAL DEPTH DRILLED: 

GROUNDWATER NOT ENCOUNTERED 165 FEET 
'------------------_._-------------,-._----------------------------_.--,------------_ .. _----------_ .. _----, 

PREPARED BY: CHECKED BY: GROUND SURF.l\CE ELEVATION: 
-----4--------------- .. -- ------------ ---- -------------- .. . .. _+---

Bill POliVKA. STEVE MCCULLOUGH 6253.3 FEET 
---------- _. - ---- . -----'--._--- __ , ____ .. __ . ___ ;--. ___ ., ________ .. _~---._.L . .. ' ______________________ ._. 

SAMPLE 
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DAMES & MOORE 

01- J: DESCRIPTION ~ ~ wZIIl 
:sW:= a:~ 

0. III W O 

~ 0::1-' 
~O Z :;)z, WZ w 

:;)~Cil J: f.!) 
o~ t;;~: ~:i! ll:~ II) .... :/::11- U 0 
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Surface conditions: Grasses 

0 
CLAY, olive gray, soft, low plastiCity, iron staining. 
slightly moist. 

5 
3 5 
6 
9 SILTY SAND, light brown, moderately graded, very 

fine to coarse grained, subangular to subround, 
slightly moist iron slaineo. 

!O 
CLAY/SAND, olive gray, low to moderate plasticity in 4 6 100.9 19.0 

5 fines, iron staining, veri fine to coarse grained, dry. 

6 
B] 

15 Pleire FOiTnation: Claystor:.e, clive gray, tess 
4 5 weathered with depth, slightly friable, slightly moist. 

99 27 
9 
15 

~ 

The boring was completed at 16.5 feet. 

20 

o = 9:..:)1 .. '3 '=E~ FOOT CF D~VER SAl/?L.!? 
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DATE(S) DRILl.ED: DR1LLli\!G CONTRACTOR: 

FEBRUARY 15, 1999 SITE SERVICES, INC. 

")RHLING MfTHOD: DRILL IBIT SIZE/TVPE: 
BORING B~25 

HOLLOW STEM AUGER 8' DIAMETER HOLLOW STEM AUGER 

SHEET 1 OF 1 
DRI!..!.. RIG TYPE: SAMP!..!NG METHODS: 

CME 75 D&M TYPE'U' OR SHELBY TUBE 

HAMMER DATA: D&M J03 NO: 

140 POUND AUTOMATIC HAMiV1ER, 30 INCH DROP 38057 - 003 - 035 

A.PPROXIMATE GROUNDWATER DEPTH: TOTA!. DE?TH DRILLED: 

GROUNDWATER NOT ENCOUNTERED 165 FEET 

PREPARED SY: CHECKED BY: GROUND SURFACi: ElEVATiON: 

BILL POLIVKA STEVE MCCULLOUGH 6,209 4 FE 
-"-,,-'--""----,---- ".T""-----r------------""C""------l. " """--- -----" --" ---" -""-"--

SAMPLE 
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w t ~tn~ ~ ~ 
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DESCRIPTION 

Surface conditions: Grasses and dirt. 

Silts, brownish yellow, dry to slightly moist. 

Pierre Formation: Claystone - yellov~sh brown/olive 
gray, mottled weathered CLAY, bedrock iron min. 
moist. 

Sandy claystone - light brownish yellow, very fine to 
medium grain, stiff weathered (less), dry to moist. 

Siity ciaystone - oiive gray, stiff, slightly moist to dry, 
less weathered, iron and ca mins. 

The boring was completed at 16.5 feet. 

o = alONS ?ERFOOT:';: OA.JVERSA'IPo.ER 
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FOR GOLD HILL MESA JOINT VENTURES 

ST::o Sl-'E. ... SY TUBE 

SOOO:ll- H5! 



DA'l"E (S) DRILLED: DRllLlNG CONTR.ACTOR: 

FEBRUARY 25, 1999 SITE SERVICES, INC. 

~RILtlNG MlETHOD: DRlll BIT SIZE/TY!>!:: 
BORING B~25 

HOLLOW STEM AUGER 8' DIAMETER HOLLOW STEM AUGER 

SHEET 1 OF 1 
DR1Ll RIG TY?E: 5AMP!.ING METHODS: 

CiviE 75 D&M TYPE "U' OR SHELBY TUBE 
---' 

HAMME~ DATA: D&.M JOB NO: 

I 140 POUND AUTOMATIC HAMMER, 30 INCH DROP 

----------------------------------------------+--------------------~ 
38057 - 003 - 035 

I A!>!'ROlUMATE GROUNDWATER DEJ>TH: TOTAL DEPTH DRILLED: 

I 
I 

GROU~jDWATER NOT ENCOUNTERED 
._----_.--

CHeCKED BY: GROUNO I?REPARED BY: 

-----1 .~_=_==~._ BILLPO.L IVKA__ ________ ~_=~---·------sT EVE M C C U L LO Ll G H T ~--.----
SAMPLE 

U 18 18 5.5 3 2 
A 2 
4 2 

~ @l 

U 18 10 2 10.5 7 4 
20 10 
32 16 
I@ I?]I 

DAMES & MOORE 

5 
6 SI L TY SAND, yellowish red, poorly graded. very fine 76.9 37.3 

grain. soft. s~ghtly moist silt interbeds (1/2"). 

10 
5 CH olive gray. stiff. dry 83.4 24.1 

The boring was completed at 11.5 feet. 
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DATE(S) DRILLED: DRILLING CONTRACTOR: 

FEBRUARY 23, 1999 SITE SERVICES, INC. 

DRILLING METHOD: DRILL BIT SIZE/TYPE: 
BORING HA~l 

HAND AUGER HAND AUGER 

SHEET 1 OF 1 
DRILL RIG TYPE: SAMPLING METHODS: 

NONe: HAND AUGER 

HAMMER DATA: D&M JOB NO: 

N!A 38057 .. 003 .. 035 

APPROXIMATE GROUNDWATER DEPTH: TOTAL DEPTH DRILLED: 

G.ROUNDWATER NOT ENCOUNTERED 12.5 FEET 

REPARED BY: CHECKED BY: GROUND SURFACE ELEVATION: - .. ----.. ~+ ........ ~.~-----.... . 
+~.-.--~~ .. ----.... -.---~~ .. -----.. -+-.... - ... ~.-

BILL POLI\/KA 

0 t a! ~ wa! III IIIZ III'" w ..... ... "'w ... > ...... ... x Q.w 
i5~ 
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DESCRIPTION 

Surface conditions: Grasses 

Sandy SILT, medium brown, dry to slightly moist, 
poor grading, very fine to fine grain. 

Grades si~. medium yellow brown, poor grading, very 
fine i I moist. 

Silty clay, reddish brown, low to moderate, plasticity, 
becoming stiff, very moist. 

Silty clay, as above. 

Silty clay, reddish brown, olive green, low to 
moderate plastidy, slightly moist to moist. 

The boring was completed at 12.5 feet. 
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APPENDIX B 

LABORATORY TESTING 

Selected samples obtained from the field investigation were tested in the laboratory to evaluate classification indices 
and estimate relevant engineering properties. A summary of the tests to be perfonned is provided below. 

ASTM D 2216 - 92 Standard test Method for Laboratory detennination of Water (Moisture) Content 
of Soil and Rock 

This test method covers the laboratory detennination of the water (moisture) content of soil, rock, and similar 
materials by mass. Moisture content is expressed as a ratio of the weight ofwater1Q the weigbLo[solids in a given 

-_. s6iTmas-s--·- --... --------.------. 

ASTM D 1557 - 91 Test Method for Laboratory Compaction Characteristics of Soil Using Modified 
Effort 

This test method covers laboratory compaction procedures used to detennine the relationship between water content 
and dry unit weight of soils compacted in a 4- or 6-inch diameter mold with a lO-lbframmer dropped from a height 
of 18 inches producing a compactive effort of 56,000 ft-Ibf/cu. ft. This test method applies only to soils that have 
30% or less by weight of their particles retained on the ~-inch sieve. 

ASTM D 4318 - 84 Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of 
Soils 

This test method covers the detennination of the liquid limit, plastic limit, and plasticity index of soils. These tests 
are often collectively referred to as Atterberg limits. Liquid limit is the water content in percent of the soil at the 
arbitrary defined boundary between the liquid and plastic states. This water content is defmed as the water content 
at which a pat of soil placed in a standard cup and cut by a groove of standard dimensions will flow together at the 
base of the groove for a distance of 13 mm. When subjected to 25 shocks from the cup being dropped 10 mm in a 
standard liquid limit apparatus at a rate of two shocks per second. 

Plastic limit is the water content in percent of a soil at the boundary between the plastic and brittle states. The water 
content at this boundary is the water content at which soil can no longer be deformed by rolling into 3.2 mm 
diameter threads without crumbling. 

Plasticity index is the range of water content over which a soil behaves plastically. Numerically it is the difference 
between the liquid limit and the plastic limit. 

SDO 00 I • H62.DOC APPENDIX B 



ASTM D 2435 - 90 Standard test Method for One-Dimensional Consolidation Properties of Soil 
(Consolidation) 

This test method covers the procedures for determining the magnitude and rate of consolidation of soil when it is 
restrained laterally and drained axially while subjected to incrementally applied controlled stress loading. Each 
stress increment is maintained until excess pore water pressures are dissipated. During the consolidation process. 
measurements are made of change in the specimen height. This data is used to determine the relationship between 
the effective stress and void ratio or strain, and the rate at which consolidation can occur by evaluating the 
coefficient of consolidation. 

ASTM D 4546 - 90 Standard test Method for One-Dimensional Swell or Settlement Potential of 
Cohesive of Soil 

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

This test method determines the magnitude of sWell or settlement of relatively undisturbed or compacted cohesive 
soil. This test method can be used to determine the magnitude of swell or settlement under known vertical (axial) 
pressures, or the magnitude of vertical pressure required to maintain no volume change of laterally constrained, 
axially loaded specimens. 

ASTM D 5333 - 92 Standard test Method for Measurement of Collapse Potential of Soils 

This method covers the determination of the magnitude of one-dimensional collapse that occurs when unsaturated 
soils are inundated with water. This method is used to determine the magnitude of potential collapse that may occur 
given vertical (axial) stress and an index for rating the potential for collapse. 

ASTM D 422 -90 Standard test Method for Particle-Size Analysis of Soils 

This test method covers the quantitative determination of the distribution of particle sizes in soil. The distribution of 
particle sizes larger than the 75 m is determined by sieving while the distribution of particle size smaller than 75 

m is determined by a sedimentation process, using a hydrometer to gather the necessary data. 

ASTM D 3080 -90 Standard test Method for Direst Shear Test of Soils Under Consolidated Drained 
Conditions 

This test method covers the determination of the consolidated drained shear strength of a soil material in a direct 
shear. The test is performed by deforming a specimen at a controlled strain rate on or near a single shear plane. 
Generally three of more specimens are tested, each under a different normal load, to determine the effects upon 
shear resistance and displacement. 

ASTM D 854-92 Standard test Method for Specific Gravity of Soils 

This test method covers the determination of the specific gravity of soils that pass the 4.75-mm (No.4) sieve, by 
means of a pycnometer. The specific gravity is the ratio of the mass of a unit volume of a material at a stated 
temperature to the mass of the same volume of gas-free distilled water at a stated temperature. 

ASTM D 4647-87 Standard test Method for Identification and Classification of Dispersive Clay 
Soils by the Pinhole Test 

This test method presents a direct, quaiitative measurement of the dispersibility or deflocculation and consequent 
colloidal erodibility of clay soils by causing water to flow through a small pinhole punched in a specimen. This test 
method and the criteria for evaluating the test data are based upon results of several hundred tests on samples 
collected from embankments, channels, and other areas where clay soils have eroded a.'1d or resisted erosion in 
nature. 

SDO 00 I • H62.DOC 2 APPENDIX B 



ASTMG 57-84 Standard test Method for Field Measurement of Soil Resistivity Using the 
Wenner four Electrode Method. 

This method covers the equipment and procedures for the field in-situ, and for samples removed from the ground for 
testing in the laboratory. The resistivity measurements indicate the relative ability of a medium to carry electrical 
current. A voltage is impressed between the electrodes, causing current to flow, and the voltage drop between the 
electrodes is measured with a voltmeter. The resistivity is then calculated. 

ASTMG 51-84 Standard test Method for pH of Soil for use in Corrosion Testing 

This test method covers the determination of soil pH. The principal use of the test is to supplement soil-resistivity 
measurements and thereby identify conditions under which the corrosion of metals in soil may be sharply 

.... .acc.ennlated .. ~-----·~·~-·· .-----~~~ ......... ..-.--.... - ..... . 

EPA 375.4 Standard test Method for Soluble Sulfates 

Chemical analysis test were performed on the existing fill soils for soluble sulfates. The data obtained is used in 
conjunction with pH, and resistivity to analyze a soils potential corrosivity. These tests were sent out to Dames & 
Moore's subconsultant CHEMTEC-FORD for analysis. 
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Native soil moishlte 
Borhig No. Depth (fit.) 

.- , 
" content (%)'./ 

.. 

5 30 48.7 

7 I 

8 25 25.6 

8 35.5 26.7 

9 20.5 

9 40.5 26 

10 10 23.9 

10 35.5 

II 5.5 

13 100.5 19.4 

15 5.5 24.6 

17 45.5 4.6 

21 10.5 8.5 

21 25.5 48.7 
26 10.5 24.1 

ATTERBERG TEST DATA RESULTS 

20 40 60 80 

LIQUID LIMIT (LL) 

.,·:Liq~i,d·,:j;':i' rr~fll$1fWt1~;~' j~; Plasticity n: 
i,firiaet tpifJ' Lhn~I(LLf 

37 25 12 

59 23 36 

NP NP NP 
60 22 38 

NP NP NP 
63 22 41 

NP NP NP 
NP NP NP 
NP NP NP 
NP NP NP 
73 25 48 
NP NP NP 
NP NP NP 
44 34 10 
56 24 32 

&OH 

100 

I 

I 
J 

ML Reddish brown sandy SILT 
CH 1 Olive gray CLA Y --- L Reddish brown sandy SILT 
CH ilive gray CLA YSTONE/SIIALE 
--- I Yellowish red Silt with sand 
CH I Olive Gray CLA Y 
--- I Yellowish red silty SAND 
--- I Reddish brown sandy SILT 

I 

CH 

ML 
CH 

i Yellowish red silty SAND 
':1' Reddish brown silty SAND 

Brown silty CLA Y 
Brown SAND 

Brownish yellow silty SAND 
Yellowish red SILT 

I Olive gray CLA Y 

I 





GRADATION CURVE 
Boring B-5. sample I at 5.5 feet 

1~~ ~.;. ___ . : _________ ~ _____ :~- ____ ----r~~~:y:--+--i:~--,-l----+-- --~ .----:- -- -- ~- --. -f ---. +-- .~!. ---- -- -- -- ---- ... 
90 -L - ~~ ---- ~- ---- ----... ----j. - - - - - - - - -~-- - - -: - - - - -~ - - --~- --- ~~ - - -- -~ --- -~-- - -~-- - - ~- - - _.: - -- - -~ - -- -~- -- - ~: - - - - - - - - _ ... - - - - ~ --

I :: : , I" "I' 

85 " 'I' ,," I, , , , , , , , " 

~ 
- ~,~-- - - ~- - - -- --- - .,-- - --rr- - - - - --- - -:- ---.: - - - - -~- - --,,- -- -~~ - - -- -~ -- -- ~- -- --~--- -:3:" - - - - ~ - - - - -~ -- - --:- --- .. : - - - - - - - --'"'t- - -.- T --

I I , I , , I' , , I , " , 

80 - .J:_ - - - - ~- - - - - _.- --'. - - --~ _.- - - - - ---;- - - -- ~ - - ---:- - -- - -i- -- -1;·- ---;- ----:- -- --:--- --;-- ---: ---. - ~ -----:- --- ~: ----- ---- J. - -- - 1. --

751-L -__ :_ ' -u~ ______ m ~_, 1m ~ ____ ~: _____ ~ m_~_ m ~~ m; -____ : ____ .; ____ ,:. - ! ____ :,. 

1': 70 -{-u--1- gravel _+_m -m-H s~nd i---~----+-----:----+mji silt ~---,~-----f-----:----H-~ clay im-!,. 
.~ 65 -i:-- ---~- -- --~ -- ---;-.- --~ -- -- - ---- -;- --- -: -----~.- --~- -- -l~-- -- -;---- ~ ~--~ --~-- -- -;----- ~ -.- --- ~ -----;- --- r ~ ---- -:----- ~- --- -~--

~ 60 I-~~ ---- ~-- ---~ - ----~- -- -- ~--- -- --- -~- -- --: -----~---- ~----J:-- ---~----~-- __ -: -- --~--- --: --~--~ ----~- ---:: -- ---~ -u_ ~- - - --:--

~ ~~ : t:::: i::::: t ::: ::!:::: :t: :::: :::: :l:::: :1::: ::t: :::i::::Jl::: ::r: :::i::::: t: :::::: ::::::::: ~: ::: :::::: 1 i:::: :t::: :i:::::1:: 
c:: moisture 39,4 % ,,:: i: , : : , , : : :: : ' : ,u:: 45 -----;- ----: ---- -~--- --;- ----::-- ---~-- ---:- --- -:-- ---;- -- --:- -- --: --. --;---- T: --- --~ --- --;u -- -: --

c: 40 - ----:- --- -~-----:--- -- -:- -- --i~- ----:----- ~u_ --~ -- ___ :u ___ ~ --- -- f-- ui- ---i~-- -- -;- --- --:-- --- ~ --

~ ~~ ~ r-,---t --3 -:j:::- -::F-j: :J:::T-t -T--r- :,--r --': :J -: :Lt-- E j::J:-
20 i':----';-----: -----:--- --r ---- - ----~- --- -.-- See ASTM D4221 -----:- --- -: -----; -----:- -- -j:- ----i' u_;_ ----: -. 
15 1' +- --. ~- ---- ~ --- __ ;u __ -: -- -- - -- --,-- ---. -- % dispersion 14 ---- ~-- -- -; ---- - ~ -- --~. ---1: -----~ ____ ~u- --~--

1 ~ $:;: :t:: :Ii~ ::: ':::': ---,---:) #200 lui -- u: :::J: :::' -:::: r:1' ::t :-t::J: 
19.0 4.8 0.85 0.25 ' 0.075 0.0~85 ' o.oho . 0.0093 . 0.0048 : 0.0024 : 75 

37.5 9.5 2.0 0.43 015 0.0687 0.0345 0.0129 0.0067 0.0034 0.0014 
Grain Size In Millimeters 
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GRADATION CURVE 
Boring B-5, sample 3 at 15.5 feet 

ii "7 -, '-; ~- -,-- • , , 

-i:--- ---:- -.-- ~-----:-----~ -----:------:- ----f- ----~-----:----4_----:-- ---~-- ---~--- --:--- -- ~ -. -- -~ -- ---;-.- -~~ -----:-- -- -~- -- -- ~ --
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" , • I I. I • , , , il , I , I , • , , I I I 

75 _~~ ____ ._ __~ _____ ~ ____ ~_, ""',.L.--..J-. , , , , 

_!;um~_ gravel --r--m~---u:-: sand t:::r::r::::~::::r::i silt ~:::;:::::~::::r::[I:: clay I_u_: u 70 
65 

60 

55 

_J~ ____ ~ _____ ~ _____ ' _____ ~-----~-- __ ~ _____ A _____ ~ ____ ~ _____ ~ _____ ~ ____ ~ _____ L _____ ' _____ J _____ L ____ ~ ___ .~J-- ___ ~ ____ ~ _____ ~ __ 

;: : : : " : : : : : !: : : : : : : : !: : : : 
:~~: :::~:: ::: ~:::: r: ::~ :::::r-::::~:::::;:::: r::: ~::::r ::::f-:::: r:: ::;::: :r:::;: ::::;::::~:: ::~;:::::f-::::J:::::;:: 

50 . J~ ___ ~ _ _ _ _ ~ ____ .:. ____ I, , I It, I' , , , , , , , I I I 

-----~----~-----!-----~----~-----tl!-----~----~-----~----~-----!-----~----~----l~-----r----~-----t--

45 
40 

35 

30 

moisture 35.3 % _____ ~ ____ ~ _____ ~---- _~ ____ ~ _____ ,: _____ ~ ____ ~ _____ ; _____ : _____ ~ _____ ~ ____ ..: __ --l~ _____ ~ ____ ~ _____ : __ 
I. .; I. 

, , , , :: ---- -~--- --~-----t---- -~------~--- -{----~- --- -(- -- ~-----~----~T-- -- -t- -- --~- U t ---- -~---- -~- --- -:--
-~----~-----~----~-----~-----~----~-----~-----~----~-----~-----~----~-----~----~-----~-----~----~----~~-----~----~-----~--

: I , , ;, , , I , : I: , I , , , '~ : I, t I : --: ----: -----: -----:- ----~ -----: -----:- ----: -----: ----: -----~ -----: ----: -----: . ----;- ----: -----: -----:- ---1 : -----: ----: -. ---: --
25 tL-:--- --;-----: ---- -;--- --; ---- -c-- ---;- --- -!- -- --;- -- ---;-- ---~ ---- -;- --- -;- ----: --- --;-- ---: -----: ----~- ---1: -- ---;- --- -;- ----: --

• , , , " , • , • I I I , , , , , 

20 . -1' --- _; __ 00_: ---- _;m 00; -uu;_ m-;_m_ ;-- See ASTM D4221 --. -_;m __ ;00 -u~ -- --~- -uf=m-~. ---;00-- -;" 

~5~ :3t" ,:--:1---::#4::(:1, :, ---:, _-::, ::_~~~'~~~~:'~; rsi~n 1~ :::::::::::t::::~::::J::::1j:::~'T::~·;.:_:::f:: 
o 

, ,:; 'I #200 im_-m-.um'uu-- ---.m-~u--~i·----·--u.----~.~-. 

75 19.0 4.8 0.85 0.25 0.075 0.0462 0.0219 0.0093 0.0048 0.0024 
37.5 9.5 2.0 0.43 O. i5 U.UO;;1:/ U.U;;;;O 0.Oi29 0.0067 0.0033 0.00;4 

Grain Size In Millimeters 
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GRADATION CURVE 
Boring 8-5 sample 6 at 30 feet 

I. , • I " , , , , I " ., , 

- ~;- - - - - -: - - - - - ;- - - - - -:- - - - - ~ - - - - -;- - - - - '';'' - - - - f - - - - -;- - - - - -; - - - - ~ ~ - - - - -:- - - - - ~ - - - - - ~ - - - - -;- - - - - ~ - - - - - ~ - - - - -:- - - - - ~ - - - - -;- - - - - -: - - - - - ~ - -

" , , 
... - .. - - - - ... - - - - .... ! '- -_ .. -- - - ...... _ .. -- ..... - - _ ........ --.~ ... - - -..... ---_ ... - -- - ..... - --- ... ---~--~ 

i, 

I. ,gravel I:: , , , 
-1~----'- --~-----~----~-~ 

I' • '--~----:. • ,'--~-~,-' • I, " • • 

: : i: : : silt : : : : 
1--- j--- "~T-- -- -,---- -,- - --1 L_ --, - - -- -i - - - - -,----I"'T --

I 

sand clay 

-~~----~-----~----~-----~-----~----~-----!-----~----~----1t-----~----~-----~----~-----~-----~----~----r!-----~----~-----r--

-l~ .. ---~ -----~ -----;- ----~ ---_ .. ~ -.. --~- ----: --_ .. -~ ----~ .. ---~; ---.. -~ ----~ --.. --~ ----~- ----~.- --.. -~ --.... ~- .. -.. t: .. -.. --~ .. -.. -~ -...... -: .. _. 
" , • , I, , I I I • II • r , • , , • j' , , , 

-~:- - -- - ~-- - - - 1- --- - -:--- --ti -----:--- -- -:-----1- -- --:- -- --~- ---~T-----:---- -,- -- - -j.-- - --;- -- --1- - ---:~~--- - -;- - "-r~-- ---:--- ---:- ----r --
_,i:_ -. - - i_ ----~ - -- -:-- ---~I--- --~-- --~-----i -----~ -- --~- -- --i;- ----~ -- --~---- -; ---- -j--- -- ~- ---~ --- -~- ---; i-----~----~-. -- -; --
_ moisture 41.8 % _____ ~ ____ ~ _____ : _____ ~ ____ ~ __ --J: _____ ~- ___ i- ____ ~-----:- ____ : _____ ~ ___ -i.-- _~: ____ -~----i-- ___ : __ 
-, .. :: -----!- -----!- ----f -----:- ----~ ----+ -----:-----1-----~ -----:- ----i -----~ -----!- ---H -----!- -----! -----i --. 
---:- --- - ~- --- -:-- ----:- ----~ -----~- --- -:- ----!-- ---~- ----;- ----:;---- -~-- --~-----; ---- -;- ---- ~ --- --~- .. - - ~- - - - ~~- .. ---~ - ----:- - ---! --

~ . • , i: : , • . . ;: I I , , I • I : : ~ I • 

- -to- - - - - ... - - - - - yo - - - - -0- - .. _ .. " - - - - - .. - - - - -.- - - .. -.,. - - - - -,... - - - - .., - - - - -IT - - - - -r - - .. - ., - - - - - ~ - - - - ..,- - .. - - ., - - - .. - I'" - - - - ..,- .... - ,. .,. - - - - ~_r'''- - - - .., - - - .. - T - -

~ : : : :: : : : : : I: : : : : : : : I : : : : 
- -.:~ .. -- -- -;- ---- ~ -----;--- --~ ...... --;-- -- -:- .. -- -f-----:--- ---;- --- -I: -----:---- -~- ----~-- ---;- -.. --~- --- -~ -----:- -- -~ f - - ---:- - -- '::t': - ---7---

Hi_t: __ E-FT---FT_-E--FT---LT-Ij_---'ITJ:-T-:TJ 
3" '_~h ___ ~hh~_ #4 'h~_h_~ ___ n: __ h_~hh~' #~WO ' ___ ~--h-~h--~ ___ --:-hh~h--~--hjj ___ --~.h-~--h-~h 

, . , , , , 
0.075 0.0380 0.0179 75 0.0043 0.0022 19.0 4.8 0.85 0.25 0.0081 

37.5 9.5 2.0 0.43 0.15 0.0531 0.0272 0.0111 0.0059 0.0031 0.0013 
Grain Size In Millimeters 



GRADATION CURVE 
Boring B-7, sample I at 5.5 feet 
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I' ' I , I' I I , L , I' I I , _ I , , I' , , , 

L, "" I 'I' , 
85 

80 

- ~:- - - - - ~ - - - - - ~ - - - - -:. - - - - ~ - - - - - ~ - - - - -:- - - - - ~ - - - - -;.. - - - - ~ - - - - ~~ - - - - -:. - - - - ~ - - - - - ~ - - - - .:. - - - - ~ - - - - - ~ - - - - -:- - - - +- ~ - - - - -:- - - - - ~ - - - - - ~ - -

", I " , , , I , :, , , I , • ....J., ;: I ' 
... ' •• ___ ...1 _____ I.. _____ , ____ .11. ___ .L.. ____ '. ____ .1. ___ .'. ___ _ .J. __ • .JL _____ '. ____ ...1 _____ L ____ .'. ___ • J ____ .l ____ .'. __ .I.-..l. ____ '. ____ ...I. ____ L __ 

" I , , , , , I , I I. , I , , , I I , , I I 

I ., , " I 

75 

1: 
70 

t:J) 65 'Qj 

~ 60 

-~:.. - - -- -<- ~ -~ -- -- -~ - _ .. -~ .. , ._- -..;- - --..:~ - _ .. - -:.. - - -- ~- ---~ .. - .... ~ _ ...... :~- - --~ .. - - .. ~ ~ --~--'---~ " :! I I j, I 'I !, I , " 

-1;-- -- -~ - gravel --~ -- -- -t -- -- -:-r sand i-- -~- -- -+ ---- -:- ---+ ---~ silt ~ -- -~ -- -- -~ ----~: -- -, ~ -- clay: -- --, -. 
_ ...;, ____ .. ...J ... _ •• L __ .. __ '. _ .... 1.1. ____ .. I.. _____ '. ____ J. _____ '- .. ___ .J ____ ...JL _____ '- ____ .J _____ L ___ ... ' _____ J. __ .. __ L ____ -' ___ .L ..... ____ '- _. _ • .J _____ ~ __ 

- ~~ - - - - ~ - - - - - ~ - - - - -:- - - - - f. - - - - - ~ - - - - ~- - - - - ; - - - - -~ - - - - ~ - - - - ~~ - - - - -~ - - - - ~ - - - - - ~ - -- - ~- - - - - ; - - - - - ~ - - - - ~- - - -H -- ---~ ----~ -----; --
:>. 55 CD 

Qi 50 
;!: 

45 I..L. 

'E 40 
Q) 

~ 35 Q) 

a.. 
30 

I' , , I 10 I 0 0 , I II I , I 0 , lot I • I , , 

: t :::: t:: ::t ~ :::::: ~:: :t: ::::t ~::~t::: r:::: :t:: ::t: ::Jt ::: ::t:::: t:::t :::: t::: i:: :::t:::: t::;:::: :~:::: ~:::::~:: 
, I'" """" 

" 
" 'to, I .. ----r----~-----:- .. ---~----~----l~-----r----~-----~----~-----~-----~----~--- ~-----~----~~----~-. 

: t ----~ -----f - - - -+ ----~:::::;::::~:::::;:::::;:::: r::: :1;:::::;:::: ~::::: f:::: ::::::::::::: t::::;:::: i ;:::::~:::: r: ~~+: 
- -:- .-. -~- - - -- ~ - - - --;- - ---~ - -- --~--- .. ~-. -- -: - ----:-- -. - ~- - ---r, ---- -;- --- - ~- -- - -~ .. -- - -:- --. -:- - - --~.- - - -:- -- -1:" -- - -~ --- -~--- - - ~ --

moisture 24_9 % 

25 

20 

~ , , I " , I • , , ;. , , I , , , , I ' , I I 

--j- -- -- ~- ----: -----:- --- or: -- - - -;- ---- (-- -1-- ---:-- --- (-- t----:-----(---~---- -:- ----~-----r ----t- -11- --- -:- --- --:- ----~ --
__ 1- ____ ... _____ 01.. ____ , _____ I' _____ 10.. ____ .... _____ ~. ____ '- ____ ... _____ , ... _____ '- _. __ ... _____ '- _____ • __ .. __ "" __ .. _ '- ___ ........ ___ .... __ .. __ ,- .. _ .. _...J_ ... __ .. _ .. 

I ' , , " , , , , , " , , , , I • , ., , I , 

15 

10 

5 

0 

j .. -:. ----, - .. -- .. ~ - ----:- ----~ -----~ ...... ~- ----; .. ----~ ----~ -----~ ---.... ~ - .. -- ~ -- .. -- ~ -.. ---:- -- .. - ~ ----.. ~ ----~- .. - -~ ~ --...... ~ -.. --~ --.. --~ --

j -I,-;:: ::::::: -~-- -.:::::}: :'::::::::: :#--210--0-+-1 :: t: ::::!:::'::::J::::: ::::::::::: -:1: 
I , 0 ~ .' , , , , , , I 0 I , 

0.~5 0.25: 0.075 0.0369 0.0168 0.0674 o.OeMo: 0.0621 75 19.0 4.8 
37.5 9.5 2.0 0.43 0.15 0.0519 0.0262 0.0101 0.0054 0.0028 0.0012 

Grain Size In Millimeters 



.1 

, 
• 

1 

::E 
OJ 

'Qi 
S 
>-

CD 

Q; 
c 

u::: 
c: 
(I) 

~ 
(I) 

a. 

GRADATION CURVE 
Bonng 8-8 sample 5 at 25 feet 

100 
, I " ".,', , 

95 - -;- - - - - ~- - -. - ~ -.- - -:- - - - -~ - - - - -:-- -- - -:-- - --~- -- - -:- -- - - -;- - - - -} - - -- -:- - -- - ~-- -- - ~ - - -- -;- - - -- ~ - - - - -; - - - - -;- - - - - f- - - --

90 
, , , I, "'" I I , _.'- ___ .",. ____ ... _ • __ ••• ___ .... ____ ... ____ .... ____ ... _____ '- ____ -'. ____ .. ____ .... ____ -4 ____ ... _. __ -' _____ ... ___ .... ____ -'. ____ " -. __ _ 

85 
, , I I , , , , , I , , , I 1 , t I I --r----'----- r-----'-----~-----r----~-----T-----r----~-----r-----r----'-----r-----'-----,-----~----~-----,-----

I , , , , , I I , , , , I , , 

80 - -:- -- --~- ---- ~- -- --;-- - -- ~-- ---~-- -- -:-- ---~--- --~ - ---~.- --. -~ ---- -;- ---- ~-- -- -~-----:--- -- ~ - - ---~ - - -- -:- -- -- ~- ----

75 __ • ____ ._.------..,._; _____ ~ ____ ~_-~--~ ___ • _____ • _____ • __ __ • ____ ~ ____ • _____ • ____ ~ _____ • __ --'---L 

70 gravel ~- ~- ----~- ----:- sand ---l-----~---)----J----- silt I I , I 

----'-----r----~-----,--
clay 

, " 

65 
, , I I , "...J.' , 

--~----~-----~-----:-----~-----~----~-----~-----~----~----~~-----~----~-----~----~-----~-----~----~-----~-----~----~-----~--
I I ", I 

60 
I , • I I , , , • , ~ I I , , , , I 

-------~-----~----------~-----~----~-----~-----~----~-----~-----~----~-----~----------.-----~----------.----------------.--I , • , I It' , , , I , , I , , • I , 1 I 

, I I I I 

55 , , • , , , I , , , 0' , , • , , , , , I , , 
- -,. - - - - -; - - - - - r - - - - .,. - - - - ,- - - - - f' - - - - -,- - - - -, - - - - - ,. - - - - ., - - - - -.r - - - - .,. - - - - -, - - - - ... f' - .. - - -,. - - .... , - .. - - .. ;- - - - .. -,- .. - - - 1 - - - - - ,- - - - - -, - - - - - ; - -

, I I " I I I I I , 

50 

45 

40 

I I I , , , I • , t , , , " " " 
__ ' ........ ..J ......... L ........ • ' ..... _ • .1 _____ "-. ___ -' _____ J • ____ L. ___ .J _____ 1. _____ L ____ ..I _____ L. ____ , ____ _ .l _ ___ .L. ___ -l. __ • _.l. ___ .L. ___ .J _____ .1.. __ 

:1 moisture 30.5 % ,I:::;:::;:::,:::::::;:::::;:: :::::: T :::: ::1:::]: :::::::::: ::::::::::::: :::;:: 
35 

, , , • , • • , • I __ ~ ____ .J._. __ ~ ____ ~ _____ .J _____ ~ ____ ~ _____ ~ _____ ~ ____ .J _ ____ L _____ ~ ____ ..I _____ L _____ ' _____ ~ _____ ~ ____ .J ____ .~ ___ __ ~ ____ .J _____ ~ __ 

, , , , • • , • , , , , " .,'," I' 

, " r ". 

30 , • """ I , I I 1 I '" I - -;--- - -~- -- -- ~ - - ---:- -- --~- - ---~- ----:--- -- :-----~ --- - ~-- -- -7 --- - -;-- ---~- - ---~ -- ---:- - - - - ;~- - - -~- - ---;- - - -oo: -----~- ---~- --.- ~--, 

1 I , , , , , , , " I I , I • 

25 - -;. --- - -:- - - -- ~ - - -- -;-- - --~- ---- ~ -- - --:--- -- ~ - - -- -:- - - ---:-- -- - ~- -- - -;- - --- .1,- - ---~- -- --;-- -- - ~. - - - +-- ----;- ---~ 7- --- -;-- -- --:- -- - -; --
I • I '. ,.. 

~~ tL-;-:f :--t-r:T-:I--:,-:L:-L:I.:-:(-:-IJ---F:]---.t-::-r-::}---r~T---F 
~ ~" -- ~-- --- ~ -----:- #4 --~ ---- ~-----; -----~-- -- ~. #200" --- ~- -m: --__ ~m __ ; -- -- -:-- --..:- -- --; m --: -- ---::---~.!--

4.8 0.85 0.25 0075 0.0423 0.d04 0.0090 75 19.0 
37.5 /"It:. v ..... "''' 4.V 0.43 

0.0047 0.0024 
O. i 5 O.uoff 0.0307 0.0125 0.0065 0.0033 0.0014 

Grain Size In Millimeters 



i 

'" 

.1 

.1 

.. 

GRADATION CURVE 
Boring B-9, sample 4 at 20.5 feet 



GRADATION CURVE 
Boring B-9 sample 7 at 40.5 feel 

100 

95 
'7 -, • f. - ~---J ' I I , , , , , , , " , 

-~:- --- -~-- ---~ -----:- -. - -P. -----~-- --;~~-~:t--:-~~~-- ---:- _.- ~;- -- --;- ---- ~- --- -~-----:-- --- ~ -.- --~- ----:-- --~f- ----:- -----:- ----; --
90 

:. , • , I' • , , I .... ;. I • , • , , , , , , , -~~----~-- .-- ~ --- --~- -- --~- -- --~ ----~- -- --~-----~----'~::-- ir---i~ ~=--j---- -~--- -~--- --~ -----~ ----~- ---~ ~- -- --~ ----~- ----~ --
85 

"' , , , I, I It' • I. , ....... - , , I , I I I • , 

-~:-- -- ~- -.-- ~ --- --:--- --~-- ---~---- ~- --. -: -----~---- ~- ---:: -.- --~----:- --- ~--=-~--:i~-- --:- ----~ --- --:--- -~ ~ --.- -: ----;- ----~ --
80 

75 

:E 
70 

Cl 65 .Qj 

~ 60 

- .. ;- ---- ~--- --!- - ----;- ----~ -- ---~-- - --;- - ---~- ----:- - -- - ~-_.- ~!--- ---:-----~-- ---~ - ----;---- "':!~- ----~ ---- -;- -- -r ~ -----:- -----:- -- --~ --
:: " '::::: ~ : _~ ; : I I • 

- ..... ---- ... - .. -.. ----- .. ---- .... -. ----:----~~-----:-----~----~ ~---~---- .. -~·----_:----~:-i 

I_L~~~v;~::~:~ __ +::::_i:::s~n:d:;-TJE:-L::E:TS"tL:1:--I:J-+~Zy:E+-
>. 55 CD 

:v 50 
,I:: 
u: 45 
c: 40 
CD e 35 CD 

a... 
30 

- ~:- - -- -~ --- -- ~ --- - -:- -- - -~ ---- -~ - - - --:- -- - -~ ---- -:- - - - - ~- - - - ~~-- ---:- - - --~- --- - ~ ---- -:- - --- ~ _ .. -- -~ - - -- -:- -- - ~ ~ .. - -- -:- ---'-~ -- - - ~ --
I' 't:.:,.,:: I I • I , , : ! : ~'~ ___ ,..:. 

_ ..J' _ ____ j _ ___ .. L. ____ , _ _ __ _ ___ L. ____ J _____ ..1. _____ '- ____ .J _____ u. _____ '- ____ .J __ ___ L _____ , _____ ..1 _____ L ____ J ____ +..1 _____ '- .. ___ J ____ .... ~ __ 

I I , , I 10 , I , I • , , I' , , " 

moisture 27.5 % ,.," I' , , , . , . " , , , 

:]:::::j::::::::::j:::::t:~~~~>~~::j~:~~~'~:~~~t~~~~j~~::jt::~~~~~~:~l~:~::'::::j::~::;::~~~t~~::j~:~:j;:~~~~f:~~:j~~~::;~: 
25 

20 

15 

10 

5 

0 

lLTfj:J:j:::J::~I:::r:Tt~T~Tt:L:r:fTJi~:I]~j: 
I , • ., f' ' , Itt. t , 

3" ............. -, #4' .. .J , • • • H • • • .. . ... -. . ... ..... . ... : f #200 -.. ~ ........... _. . .. --. .. .. _ . .- ... I : ..... , .... -.... . .. 
f :, • , 

19.0 4.8 0.85 0.25 0.075 0.0410 0.0187 0.0079 0.0041 0.0021 
37.5 9.5 2.0 0.43 0.15 0.0577 0.0294 0.0109 0.0056 0.0029 0.0012 

Grain Size In Millimeters 



GRADATION CURVE 
Boring B-J 0, sample 2 at 10 feet 

':: ~' : ~,:: ::::::::::::::: :T:-:~:::::::: :::ji :.::::'::: L::::::::::::::':': :~:: :::: 
85 -~~---- -----:-----~-----~-----:-----~-----~----~----~~-----~----~-----~-----:-----~-----~----~----~~-----

, " , , , , , I' ' , , , , , , " 

80 ] - j;..... . ... -:-. ---~ --- -.~ ---- -:--. -.;- --. -:- --- -~--. -J: _' ---: ____ ' ~- --__ ~- -- .. :- -. -.;. ---. ~- -. --:- ___ L; - -- - - - -. -., .. 

i ~~ t,-'" .,,~~V~I~:.~.:::.:.::.i. .. sand . .::: T. t:::..::· F.,. ~iij •. [ .. ::,:.-.-.' + J:: j .. C~~y ,':.: .• 
~ 60 i -~~ ---------~ ---- -;----+ ----~ ----~-----~ ---- -~ -- --~. ~ ---1: -----~ -. --~ -----: ----~- ----~ -----: ----~- --.:: -----~ -- --~- ----: -. 

. ! ~~~~iS~~ :~~.9~: J::L:I. i:··r. ::.:t·+ .:}:. IF. '-::: i:: .F·1F T •. ::::.: [ 
c :~ --- --~-- -- ).---.;- ----~---- -i----1---) -----i--- --; .. --)---- -; ----. ;----.:- -' -j;--- --~-- -- -~- ----;-. 
CD ..'. I " I , , I , " , I , , , , , IF' , , 

£ ~~ :t:::: j:::::~: ::::j::: ::~ ::: ::~: :::~:::::;:::::~::::~:::::t.::::,~::~:::::~::::::: :::: ;:::: :~:::: ~::: :t; :::: :~::::~:::: :;:: 
, , " , , I , I " I , " " , 

25 i' -:'-' -.; .. -. -:' ----;-. ---;: - - ---;-- -- -;--- --:'-' --;--- -- -;'- ---~: -- - --;- --. -;-- - -~--. - -;--- -': - .. --: - --. ';- - - -j:' ----;' -- -- -;- ---': -. 
20 i -f· -- -~ .. -" ~ .. -. -~-. ---~. -- --~-. -. ~-- -- -~ -. See ASTM D4221 --- -.;-- ---: --. --~. --. ~-- -.:: -.. - -~- --- ~- -. -.: --

15l+----~·----~-----;----+··--~---·~·---·:-- % dispersion 40 ~,::--~:,~:~~,:~::-;l,,:-.... -j:':"-"!i,i:-~, 'i',J,--::-:":::,:: 
10 1-+---+ .. --~m--:- .. -+-m~ .. ---:m.+- "'-;. -:~_ 
5 ~ 3" .-~-.---:---.-:~ #4 1·-~-·-·~·----~---~--y~~--~---:;;~l==:L" ==::;::, ==~ J o '" I ;: #200 ... ~m-- .. m-: .. --T- T-"r-' cm-~ .... r--·-: .. 

0.85 0.25 0.075 0.0495 0.0228 0.0095 0.0048 0.0024 75 4.8 
2.0 0.43 0.15 u.lJt)!:It) 0.0357 0.0134 0.0068 0.0033 0.0013 

Grain Size In Millimeters 



100 

95 

90 

85 

80 

75 

70 

65 

60 

55 

50 

45 

40 

35 

30 

25 

20 

GRADATION CURVE 
Boring B-l0, sample 7 at 35.5 feet 

., , I , i' I , I , , , , , I , , - ..... - - -- ... - - - - - .. - -- - ... ----.. --- --.. - - -- ~- --- -.. -- - - _ ... - --- ... - -- - _ .. ----.- ---- .. - - - - - ... - --- ... - --- .. -----.. ---- .... - - - - ..... - ---_ .. -- . -... - -- - -. - -
!: : : : I: : : , : : ': : : , : : : : : , : , 

-,~----,----- r-----,-----~-----r-----,-----T-----r----'----'r-----r----'-----r-----'-----T-----r----'----rT-----r----'-----r--
II I' j, , ", I I , , , 

" , I I I I .., I , 
__ ' _____ J. ____ l.. __ • _ .' _____ IJ _____ L ____ .' __ ___ J. _____ I.. ____ .1 ____ "'!J.. _____ '. ____ .1. ____ L _____ , _____ J. ____ .1.. ____ .' ____ ~.1. ___ .'. _____ , _____ J. __ 

" , , , )I I I , I , 'J , , , I , , I I I , I I 

_ .. ----.- --~-----.----~-" --~------~,---~----j:-----~----~----,~---;-----:----~-.--,;--~~----~. 
h "'" I ~' , 

_~:-----~- gravel __ ~ _____ ~ _____ >, sand :---~----_\~----:::_-----~----i silt L ___ ~-----~-----:----,;_~ clay 
'I' 1: 1;' ,;: I I~'" 

_~\... ____ ~ _____ I.. _____ , _____ ,, _____ I.. _____ , _____ .1 _____ 1.... ____ -1 ____ -/1.. _____ '- ___ .. ~ .... _ ... _L _____ , _____ .1 _____ I.. _____ , ____ .. .I. ____ L ____ oJ _ _ • __ L __ 

I I I I ., , I I , , " I I I , I I , , , I , 

I' I, . I I 

I' I 'I' I I I I i '" I I -....... ---- .... -- --- .. ---- -0--- --1'>- -- -- .. -- - - ... -----~ ---- - ... -- - -~- -- - -, .. --- - - .... ----;::1- -- -- .. - ----1- -- -- ~--. - - .. -- -- .... - - -- ..... - .. - -- ... -- -- ... - ... -- .... -
\: : : : :: : : : : : :: : ~ : : : : : ': : : : .. ~~- -- -- ~- -- -- t- .. -.. -~ .. -- --~---.. -t ---.. -~--- .. -t- ----t .... -.. -~- -... -lit --- -.. ~ .... -- -~-~ --- r ---- -~ ... ---~- .. -- -t- ----~- .... -: ~-- ---i-" ---~- .. -_ .. ~ -.. 

_ ~, _____ J _____ L _____ '_ .. _ .. _ tJ _____ I... _____ , _____ .1 _____ I.. ____ oJ _ ____ :£. _____ L ____ ..J _____ .1.. _____ , _____ J. _ .. _ .. _I... _____ , ____ oj..I_ .. ___ L ____ ~ __ .... _ L __ 

:I~m.; __ ~_~~" __ ~~ _~,i ~._~ _~,~ ___ ",I:::: :~" :::: J,:::::],:: :::~,_::: :J,: ::: ::1':, :::: :~"_:::: ],:::: 1, : :::J,::::: i,::::: [, :::: j,::: -j; --- --~ ---+ ----i--
~ T-----~----~-----r--

~ , • I I' I II' I , , I , 
• I • I I' , , , I , I, , I , It' " , 

_ ........... ___ .J _____ L. .. ___ -' ___ .. _ j./. _____ I... ____ -'_ .. _ .. _ .I ___ .. _'- ____ .J _____ 'L _____ '- ___ .. ~ _____ ... __ .. _ .... 1 _____ ..I _____ ... ___ .. ....1_ _ _ _ .I __ .. __ I... _ .. __ .J ___ ........ __ 

• , , , I' , I , I , II , , • ~- , I , , , , 

I' I I 
~ , I , I' , I , , , " I I I I • I " I 

- ....,.... - - - ..... - .. - - - r - - - - -,- - - - - I" .. - - - - .. - - - - ,- - - - - T - - - .. - r - - - - .., - - - - -f" - - - - -I"" .. - .... .., - - - - - " .. - .. - "'1- .. - .. ~:- - .. - - ... - .. - - ,- - .. - ~ - - - - -r - - - - ... - - - .. - ... - -
~ , I , I, • , , , , :1 , , I , "T , I 

~ , I , 10 , I • , , " • , , , , :-0 . ' 
- _~ ___ - - ~_ - __ - !... _____ , _____ !.! - ____ '- - - ___ , _____ .! - ____ '_- - __ .. ' ___ - _I!. _____ ' ____ .. ~ _____ !. __ .... _, _____ ! _____ "l.. ____ .'. ___ ~ _____ ' ______ ' _____ !... __ 

: ' , I .:: ' , , , , :: ' , , • , , , , ' , , 

, , , II , , , , , " • , , , " I"" --: -- -- :-- ---: ---- -;-- ---r: -----: .. ----;---- -;-- ---:-- ----;- --- -~ -- ---:- -.. --:-- --.. : -- -- -;--- --: -- ..... -: -- ---;- -- -l~-,~ ---; ---.. ;- ----:--

:~ n: ,- •• :: t-1.2:L ':'::_J--•• -:::E_F:l :::: :.- E-;: -_ J -_ -_;:. E j---jFT~J:-+ 
o ,;: : :: ,I: : : : : #200, : : : : : : i: : : : 

75 19~0' 4.'8 '0.85 0.25 0.075 0.0452 0.0219 0.0092 0.0047' 0.0023 
",n 
L.U 

n .... 
U.At" 0.15 u.vovo u.u,)~ 

Grain Size In Millimeters 
O.Oi29 0.0066 0.0033 0.0013 



100 

95 

90 

85 

80 

75 

1: 
70 

Ol 65 'co 
~ 60 
>. 55 III 

:v 50 
.C 
'U: 45 
1: 40 
41 
~ 35 41 

a.. 
30 

25 

20 

15 

10 

5 

0 

GRADATION CURVE 
Boring B-1 I, sample 1 at 5.5 feet 

, , I I I , , , 'T • I , I , , , , , " 

- "7;- - - - - ~ - - - - - ;- - - - - -;- - - - - ~ - - - - - ;- - - - - -;- - - - - f - - - - - ;-- - - - ~ - - - - ~;. - - - - -;- - - - - ~ - - - - - ~ - - - - -;- - - - - ~ - - - - - :- - - - - -: - - - - :. ~ - - - - -:- - - - - -; - - - - - ;- - -
" " I. I I "" I, I , , 

• , • I I' I , , , I I' , I I I , • " I 

-~~----~-----~----------~-----~----~-----.-----~----~----~~-----~----~-----~-----,-----~-----~----~-----~-----~----~-----~--, , II: " " j: ' I I , , , , I: ' I , 

'. , I , " , , , , r II I , I • I , I " , , , 

-'r----'-----r-----'-----~-----r----~-----T-----r----'----1r-----r----'-----r-----,-----,-----~----~----ry-----r----'-----r--

, : : : 1: : : : : : 1: : : : : I : " , I , 
_~~ ____ J _____ L _____ ' _____ ~ _____ L _____ ' _____ 1 _____ L ____ . _____ ~L _____ ~ ____ ~ _____ L _____ ' _____ ~ _____ L _____ ' ____ L1 _____ ~ ____ ~ _____ L __ 

.. I , , " , , , • ,..! I' I • • , I • • , , 1 , 

;: I I I: I -'------L-
- -_ .. - - - ... - ... - .. ---- -~-- -- ... - 1-- - ... --- -- .. - - -- _0-" __ - .. - - --, ... - - - .. - - -- - .. - - - - -t_ .. - - .... - ... 

_~:-----~- gravel __ ~----+----:- sand L--j----L----!-----L--~ silt c ___ ; _____ ~-----:---.,;-c clay , ____ ; __ 
_~: _____ ~ _____ L _____ ,_ .. ___ ~ ___ .. _~ ____ ~ _____ 1 _____ L_i ___ j. ___ J~ __ .... _~ ____ J ____ ~~ _____ ._' ___ _ l. ____ ~ ____ .. : ___ .. ~ ~ __ " __ .. L ____ ~~ ____ : __ 

I' , , , " I , , , , I' ' I , • , I , ,I , I I 

:}[::::):::::.::::J:::::~:::::.::::J:::::;:::::[::::]::::1f::::;;:::~j~:::::::::::::::;:::::;::::J::::\:::::::::::J:::::;:: 
- -"- -. -- J_ -- .. - L .... -- -'_ .... - _Il._ -- .~---- -:- - - --~ - ----~ - ---~--- --)t---- -~- .. --~----":i- -- --:- --- -~ -----~ _ .. -- -:- -_ .. ~ 7 -- - .. -~-- --~- .. - - -~ --" 
moisture 29.9 % ..... ,. . . . . . . . I. • • • 

-----~----~--- --~-- ---:-----~-----\:-- ---:-- -.. -~- ---- ~ --- --:- --- -~- --- -~ -- ---:--- -; ~-- ---~-- --~- - ---:--
~ • , , I' -. ---!- ---- -j--- --t-----j-- ----i- --- -I~-----~--- -- ~-- -- .. ~-----!-- -- .. ~ -- -- -~ -- -- -~ .. ---f ~ ---- -!----- -~- ----t --

;Fr~;t:tl;;~;I;;;t;~;[J);];::;[~;(J\IJ~j~:~t]t~.t]Jr 
:, I' I t:,. I ,I. ........:;-

- -:-_ .. - - ~- - - -- ~ --- --:-----p, - - ---~ .. - - - -:-----~- --- -:-- - ---;- ----~--- --:----- ~-- -- -~ -- -- -:-- -- - ~ -- - --~ - - -- -;--- -1~ --- - -:--- - --:- - - - .. ~--
':~, I. 10 I " I 1,1::,: 

3" r - ~- - - -- ~ - --- -:, #4 j' -r- ---~-. ---;-----r----1' #200 i-' -<- - - -->. --- -.- - -- - < - -. - -> - - --~. - - -1; ---. -~- -- -~- ---- > --

75 19.0 
I I " , I: 

4.8 0.85 0.25 0.075 0.0459 0.0218 0.0091 0.0047 0.0023 
nt:: 
'=I. v ..., " ..:;.U 0.43 U.10 U.IJtj;:s~ 0.0329 0.0128 0.0065 0.0032 0.0013 

Grain Size In Millimeters 
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90 

85 
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75 

70 
1: 
OJ 65 'Qj 

=s: 60 
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.: a; 50 
£ 
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Q) 
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c... 
30 

25 
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15 

10 

5 

0 

i 

GRADATION CURVE 
Boring 8-1 L sample 3 at 15.5 feel 

, , 
'I ,. 'I , , , -+ ------~ ----------: ------------;- -----------r -----------~ ------------:- ----------... ----------- ----------=---; - - - - - - - - - - - -;- - - - - -
,~ , " 
I I 'I ,. 

- - - - - ... - - - - - - - - - - - - - - - - - - - - - - _._ - - - - - - - - - - -f- - - - - - - - - - - - ... - - - - - - - - - - - .... - - - - - - - - - - - -0- - - - - - - - - - - - - - - - - - - - - - - ... - - - - - - - - - - - -£... - - - - -

: ! : : ~ '~ -- ---. ------ -- -- - -- ----- -- -- -:- --- --- -- --T -- --- ---- -- ;-- ------- --~-- --- -- -- ---:- --- -- ----- - --- -------- ------------~ - -- --
, t ' , . ___________ c ____________ ' _____ _ --- ---- -_.- -----. ----- -------i- -- -------- -:- -- ---- -----f-- - - - - --- - --i--- ---- --- --!- -- --- ------ : ; 
, I , , I 

_____ .. _______________________ t ____________ L ___________ ... __________ _ ...J ____ ________ :. ______________________ oJ ____________ ~ _____ _ 

, • I " " 
, • , , I 

, ,t I' I I 

-----~-----------~------------~------------r-----------I-----------~------------r--·-------- -----------~-----------1------

~ ~ ~ ~ ~; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~: ~: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~:~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ r: ~: ~ ~: ~ ~ ~ t:: --------~ ~: ~ ~ ~ ~: ~ ~ ~; ~ ~ ~ ~ ~ ~: ~ ~ ~ ~ I ~ ~ ~ ~: 
, ' 't . 

-----~-----------~-----------~------------~-----------~-----------~------------~-----.-----
; : : : ;i : i -----; --. --------! ------. -----:- -----------~ --------. --~- -----------;- -----------r -----------
1 ' I , I, ' I _____ l ___________ ~ ____________ ' ____________ L __________ _ ~ ___ • _______ J ____________ ~ __________ _ 

: : t :: : I 
1 I ~ • 1 

-----------~--------.--~------, , 
, I , , 

-----------,-----------4------, , . , 
- -- -- - - ---- ~ -- ------ --- -:- --- - -. 

: 
-----~-----------l-----------~--------·---r----------- ;~-----------~------------t----------- -----------~-----------l-·----

----- ~ ------ - ---- ~ ---------- -.:- -- ------ -- -l~ --- ----- - --~I--- - - - - - -- -~- - -- - - - -- - --~- - - - - - -- - - - - - - -. - -- - - - ~ - -- - - - - -- - -.;- - - - --

, I : :: :! : I :: : 

j mo~sture 36.1, % t~~:r~~:~::::) :~~~:: :::: :;\::::::: ::::r::::: ::~ ~l:::::: :::: ~:~::::::~ ~r::~: ~~:~ J: ~::: 
, I , II " , I ___________ ~ ___________ J ______ ,. -----; ------ ---- -i ----- -- -----;- ---- ------~~------ ---- -;'- --- -- -----~----- -- --- -+-- ----- -- -- , , 

-----; -----------i ------------:- -----------t- -----------+~ -----------; ------------~ ----------- -----------~ -----------~ ------: 
, • , I' " ,I " 

-_ ---: ------ - ---- J -- --- ____ . _ .:. _________ J~ __ -__ ----__ :~ ---____ ~ __ ~ __ ~ _______ -.L ___ - - __ - - -- - -- - --- -- -- ~ - -- -- -- - __ - J_ ---__ 

__ h_: hhh - __ h ___ ~----h- #4 l-h-J #10 l-mJ_muJ #40 1---- h mhu __ h~----~ #200 
I I I : I 

37.5 9.5 
19.0 4.8 

2.0 
0.85 

Grain Size In Millimeters 

0.43 0.15 
025 0.075 



GRADATION CURVE 
Bonng B-II. sampJe 10 at 50 feel 

100 

95 

90 

85 

80 

75 

1: 
70 

" ", -, ., "" -----
C) 65 'ii) --~----~-----~----~-----~-----~----~-----~-----~----~-----~-----~----~-----~----~-----~-----~----~----.~-----~----~-----~--., . 
~ 60 

, ,. '" I , I , , , , , 
__ .- ____ '1 _____ .. -----1--- __ .. _____ ... ____ -0 _____ +. ___ ..... ___ - ... _____ + _____ .... ____ ... _____ ,.. - - __ _0- __ - _ .... __ - _ .. - --_ .... _ - - - _. - - - - -0- - - -- ... - - - -- .. --

I ," • 

>. 55 m 
"' I , I , I I , I • " , , , I I I " 

--~----~-----~----~-----~-----~----~-----~-----~----~----~-----~----~-----~----~-----~-----~----~-----~-----~----~-----~--
I I I ,';1-, 1 I " " 

lu 50 
•. f:: 

45 u.. 

1: 40 
Q) 

I , , , , " " . ~ I I , , , I I " 

J~~;~22:9%T:_1- __ i::::r:+:J: __ I::IJ-:-+ __ T-J:::r--E:"l--J-E.I 
"' I, u 

35 Qi 
, 1 I " I I '" I' , _~ ____ ~ _____ ~ ____ ~ _____ ~ _____ L ____ ~ _____ ~ _____ ~ ____ ~ _____ ,~ _____ ~ ____ ~ _____ L _____ ' _____ ~ _____ L ____ ~ _____ ~ _____ ~ ____ ~ _____ L __ 

• 1 ,I "" I .. I , , I I , " I , 

a... 
30 

• , , , , , , 1 " , '--! , , , 
- -.- - - - - ., - - - - - r - - - - -,- - - - -., - - - - -,. - - - - ..,- - - - - T - - - - -..- - - - - -.- - - - -T - - - - -..- - - - - '"' - - - - - r - - - - .... - - - - - .. - - - - - r - - - - ..,- - - - - T - - - - - .... - - - - ... - - - - - ,. - -

, I " " "" ""'" I 

25 --~--- - - ~- -.-- ~-- - - -:-- -- -~-.- --;.- - - - - -:-- - -- + -- - - -;- -. - --:- ----.t- - - --:- - --- ~-. - --;.. --- .~- -_. - 4 - -- --;. - -- - -:- - - - -f -- - - -;--- - - -;- - - - - T --, , , 

20 
__ ~ ____ ~ _____ ~ _____ , _____ ~ _____ ~ ____ ~ _____ ~ _____ ~ ____ ~ _____ ~ _____ ~ ____ ~ _____ L __ ._~ _____ • _____ ~ ____ ~ _____ ~ _____ ~ ____ ~ _____ ~ __ 

1 , I , , , , , , , I " ,I I I I I , , , . 
15 • I • , • , I , • , ., , I I , , .,. " .' 

--.-- - --.,-- - - - r -- -- -1---- -,- ---- .... - --- -.---- -,.. ---- .... -- --,- -- --..,.-- ---~---- ,-- ---r--- - -,--- --., -----r--- --.-- --- 'f - -- - -r-- -- ,-- -- -,. --. 
• I"" I , " , "'. " 

10 ij~_- -~- _.- -t ---- -~-~-- -~- -.-. --~- ----~-----~-----~ --- -~- ----~ --- --~-- ---~-----~ -----;-- .-- ~--- -- ~---- ~~----!~'-.--~.-~-_:----j- -.- -~ -·'r 
5 

0 

• " "" t ___ , __ ,_ iii iI' , I - •. _ I 

- 3" #4 
___ ... __ -- _~ ----.1_- ___ ~ _____ ~ ____ -0 _____ .. __ • __ ~ ____ .~ __ .. ___ • __ 

#200 . . 
75 19.0 0.25 

, , , 

0.0094 0.0048 0.0024 4.8 0.075 0.0476 0.0223 0.85 
37.5 9.5 2.0 0.43 0.15 0.0639 0.0343 0.0131 0.0067 0.0033 0.0015 

Grain Size In Millimeters 

• 

1 



100 

95 

90 

85 

80 

75 

1: 
70 

0) 65 'iii 
~ 60 
>- 55 CD 

Qi 50 
.C: 
'u: 45 
C 40 
Q) 
<..> 

35 Qi 
0.. 

30 

25 

20 

15 

10 

5 

0 

GRADATION CURVE 
Doring 13-13 sample 20 at 100.5 feel 

f[
-j ~--~--;--~-' i , , , , , I ..... _ _' , , , , I I , , , , , , , 

I 1 I , , , -, ._.L._ • I I , , , , , , , I , , • 

. -;- - - --: - ----: - ----;- - -- -: - - ---: --- - -:- -- - --: - - ---: - - -- -: --- - -: -- - - -:,- --- -: - ---- : - --- -:- - - - -: - - - - -: -- - - -:- --- -: --- - -:- - - - - -: - - ---: - -
, I , I , , I , I I , I , I , , , , I , , , 

_~~ ____ ~ _____ ~ _____ , _____ ~ _____ ~ ____ ~ _____ ~ _____ ~ ____ ~ _____ • _____ ~ ____ ~ _____ • ____ ~ _____ 4 _____ ~ ____ ~ _____ ~ _____ ~ ____ ~ _____ • __ 

, J , , , , , , , 1 , , , , , , , I , , I , 

, , I I 1 , , , i -,- I I , , • , I I I , I , 

--~----~-----t-----~-----~-----t----~-----t-----~----~----~~-----~----~-----t-----~-----~-----~----~-----~-----~----~-----t--
-+- -;- -- -- ~- ----~ --- --;--.- -~ ---- -~ -.-- -;----- ~ --- --;- --- -~-----~- ----:--- --~--- --7-----;- - - - -~ -- - - -~ -- - - -:- - - - -~ - - -- -~ - - - - ~- - - - - ~ --
ii' , , , , i , , I 

, _____ I , I , ....L---'_ 

-------~-. --~-----~----~- ---~----~~-----~----~----- ----~-----~----~-----.--

__ , _____ ,-! gravel __ ~ _____ ~-- ___ :_ sand ---L-- -~L---L __ -1-- ___ silt ____ ; _____ ~ _____ : _____ ; _ _ clay --- -, --
I :1 d, I "...., ___ " ___ _ 

__ '- ___ • ...1 _____ .L. _____ '. ____ ~ _____ 1... _____ ,.,. ____ .1. _____ '- ____ ...I _____ I. _____ L ____ ...1. ____ .1. _____ , _____ .1 _____ '- _____ ,. ____ ..I. _____ I.. ____ ..1 ____ _ I. __ 

I I , , I I I I , 1 I I I I I • , I I , , • 

, , , , I I , I , , • I I , , , __ ... ____ ... _____ .. _____ , _____ .. _____ ... ____ .... _____ .. _____ .. ____ ... _____ .. __ ---t- ____ .. _____ .. ____ -0_ - -- - .. - --- - .. - - - -_-- -- -'9-- --->--- -- ... - - - - - .. --
I ., I , I I , I , , , 

I • , , I I I I I I , , "' , , , , I , , , , 
--,----- -,--- - -r ---- -,-- - - -, -- - --,----- -,-----1---- -,- ---- -,- ----r ---- -,-- -- -.,.--- --r-- - - -,---- -, -- -- -i' - -.- -,-- - - ... i - --- -,. -- -- -,- -- - - ,--, , 

, , • I , , I • I , , I , I I , I , , , , • 
__ L ____ ...J _____ L _____ , __ ._ .J. _____ 1.. ____ -' _____ ... _____ L. ____ ..J _____ ,1. _____ L ____ ...J _____ L __ • __ , _____ .J _____ L _____ , ____ .J, ____ .L. ____ J _ __ ._L __ 

_ I moisture 26.1 % 1- --- -~--- -J- -- --L ----~----L---l- ----~ ----1--- --l-- --L -- -i ---- -~--- -J- --- -i ---- -~ ---_J __ ---: --

- ,- ----~ --- --i- ---- ~-- --+----~--- --~- ---+--- -~-- ___ ~u---:-- -- -; ----- ~ ----+----; -----i- -----i- ---- t --
, , , , , , , , . . . , , . , , , , , , __ .' _____ ~ _____ ~ __ . __ : _____ ~- ____ ~ ____ ""! _____ J, _. ___ ~- ___ ~ _____ 1. __ ___ ~----J-- ___ : _____ : _____ ~ _____ ~ ____ ""! __ . __ ~ _____ ~ ____ ~- ___ • ~ __ 

, , , 
" .,'" J , , , , , ". , , , , , 

- -,.. - - - - ., - - - - - .. - - - - -,- - - - - .. - - - - - r - - - - .... - - - - - T - - - - -,.. - - - - .., - - - - - ... - - - - -,.. - - - -., - - - - - .. - - - - -r- - - - - ., - - - - - .. - - - - .... - - - - _ ,. - - • - - r - - - - ., - - - - - ,.. - -
, , , I I , , , I , , , , , , , , , , , , , 

-t --:-- ---~-----~ -- ---:-- -- -i ---- -~ -----:- ----i --- --:--- -- ~- ----~ ---- -:- ----~--- --~- ----:- --- -i -----~ -----:-- ---i --- --:- --- -~- ----~ --
i -+ ----~-----f -- ---1- --- -;- ----~ ----+ ----1-- ---~ ---- ~- ----i ----+ ----~- -- --i -- ---:- --- -~ -----~~----+----1-- -- -~- ---~- ----i --
1-~ ----~--- --~ -----:-- -- -~-- ---~----~-----; -----~ ----~-----~---- -~-- --~- ----~ ---- -:-- -- -; -----~ -----:-----; ---- -~- ---~-----;--
.~:,::: i::!::: J:~*::::::J::::::::::::: ::ji6~i·: I::':::r::: C::':: L: J: ~tc::: C~~:!::· 
-75 ' 19.0 : 4.:8 : 0.85 ' 0.25 : 0.075 ;-- 0.0~34 : 00~17 00693 0.0647 0.0624 

..,-. r: 
vi.;.) 2.0 0.43 0.15 O.05n 0.0324 0.0129 0.0066 0.0033 0.0014 

Grain Size In Millimeters 
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95 
90 

85 
80 

75 
70 

1: 
Cl 65 'a; 
~ 60 
>- 55 Ol 

Ci> 50 
.£ 

45 u.. 

C 40 Q) 

~ 35 Q) 

0.. 
30 

25 
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15 
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5 

0 

, 

GRADATION CURVE 
Boring B-14. sample ]() at 50.5 fed 

. ,­, 
" 'I' . 

- -- - - ~ -- -- --- - - - - ~ - - ----- - - -- -:- - - - --- - - - - -~ -- ---- - - - - - ~ -- - - - - -- --- ~- - -- -- - - --- ... ---- -- - - - - - ~ --- - - - - ----
, ,-, , , _____ .... ___________ ... ___________ -' ____________ L. ___________ • ___________ ...... __________ .". ___________ .. __________ _ 

, , , , . , , , 
, , 

-----r-----------~-----------~------------r----------- ~-----------~------------------------~-----------
, I , I " , 
, I , I " • 

-----~-----------~------------:------------~-----------+-----------~------------,------------~-----------, , 
_____ ~ ___________ J ___________ ~ ____________ L ___________ ~ ___________ ~ ________________________ L __________ _ 

, 'I', , 
, I r, , 
, 1 I, , 

-----~-----------.-----------~------------~-----------~-----------~------------------------~-----------, , , 
, , 
, 'I', , 

- - - - - i - - - - - - - - - - - . - - - - . - - - - - - ., .. - - - - - - - . - -r - - - - - - - - - - - i - - - - - - - - - - - -,. - - - - - - - - - - -- - - - - - - - - - - - i - - - - - - - - - - -
, , , , _____ ~ ________ • __ • ____________ , ____________ ~ ___________ ~ ___________ ~ ________________________ L __________ _ 

, '. 1 • 

-----~-----------------------~------------~-----------.-----------~------------~-----------~-----------

: :.:: 1 , -----r------------------------,------------r-----------T-----------,------------------------r-----------
, '~I I I , 

, '" I I , 

-----~------------------------>-----------~-----------~-----------~------------~-----------~-----------
, '" I • , 
, ,., I I I 

-----.-----------------------~------------~-----------.-----------~------------~-----------~-----------, ,~ , 
'. , 

I ,., ,. , I , 
- - - - - r· - - - - - - - - - - - - - - - - - - - - - - -,- - - - - - - - - - - -.,.. - - - - - - - - - - - T'- - - - - - - - - - - .... - - - - - - - - - - - -, - - - - - - - - - - -,. - - - - - - - - -.-

, ., • 1 • 

moisture 5.9 % 
SM 

, '1 , • I I 

- - - -:- - - - - - - - - - - -:- - - - - - - - - • - - f·· - - - - - - - - - - -: - - - - - - - - - - - -~ - - - . - - - - - - - ~ - - - - - - - - - - -
I I I , 
• 1 t , --- .. ---- ---- ---_ .... -- --- ----- _.'- ------ --- -~- -- --- -- ----~- --- -- --- -- .... -- ----- - - --

, I I I , , , 
, • I I , 

---~------------~-----------T-----------~------------r-----------,.-----------, , , , I , 

, , , , 1 , 

-----t------- ---i------------:------------:~-----------t-----------~------------~-----------~-----------
, , , • I I 

, I I , , , • , 

-----~-----------~-----------~------------~-----------~-----------~------------~-----------~---------.-, ,---- , , 
, , 

-----~------- --_. - - - -.- ---- --- #4 #10 ----,-------- #40 
t t 

-- - - - --- _. _ ...... - ----, , , 
-----.- ---- ..... - -- --

, -----------,-----
------------~- ----, 
-----------~-----, , , -----------,-----

I , 
-----------~-----, , 

#200 

37.5 9.5 2.0 0.43 o 5 
19.0 4.8 0.85 

Grain Size In Millimeters 



100 
g5 

90 

85 
80 

75 

~ 
70 

Cl 65 ·iii 
~ 60 
>. 55 CD 

W 50 
c 
u: 45 
C 40 CII 
~ 35 CII 

a... 
30 

25 

20 
15 

10 
! 

5 

0 

.1 

i 

1. 

GRADATION CURVE 
Boring B-15_ sample 1 at 5.5 feel 

-.--------,.- -----.- ,--- -=:::z • 
"1 ...J, "______ -" ' 

-- ---- -----i--- ---------~------ ---- --~--- --------T-------~~=----:- --- :---:-~--: :..~~--~---- -:.::j:- -- -- -- ---i- -~ ----- ---,- -----
I , , r I I ~ _ .... 

---- -- - ----~ - ------- -- -~------ ------j---- ------- ~------------',- ----- - -- ---:- --- -- -- - ---~ ------ ---- -"",--- --- - -- - -=~ - - ~ --
I I I ~ , I ' , , 
I , i • , I ' , I - - - - - - - -- - -l- - --- - - - -- --;-- -- -- - - -- - -r --- -- -- -- -- ~- ------- ----:---- ------- -:-- ------ ----~ -------- ---~ ------------:- -----
, , . " ,,' 

- --- -- - -- --1- - - -- --- - ---:- - --- - - - -- -+ ----- ---- --7- -- -- - -- --- c._ - - -- -- -- - - -~- - - - - - - - - - -c ------ -----;- -----------:- -----
, , , I I ,,, 

___________ J ____________ : ____________ ~ ___________ Z ___________ ~ ____________ : ____________ ~ ___________ ~ ___________ ~ _____ _ 
, . " '" 
, I ," '" 
, • ,I , ; , , • 

-- -- -- - -- - - -- - ---- - --- - _t_ -- - __ - _____ ,... _______ - ___ "'_ - - ____ - - - _ ... __ - - -- _._ - --,...- - -- - - -- - - - .. - - --- - - --- - ... -- - - - - - -- - -~- - - - --

, , . 
, I 'I 

-----------~-----------~------------~-----------f-----------~------------r-----------~-----------~------------~------
, ~ ,I , I ' , • • __________ ~ ___________ ~ ____________ L ___________ ~ ___________ ~ ________________________ ~ ___________ ~ ___________ ~ _____ _ 

-----------j ----------. J- ----------.l. ----------~-----------J_ ----------.l- ---. ------~ -----------j -----------J- -. ---
: : :i : 1 : : 1 

-----------1-----------~------------r-----------~--·--------~--·---------~-----------r-----------,-----------,------
I , " , t , , • 

---- --_. ---~, ----- -- -----:- -- ----- ----} -. -- --- ----~i- ---- --- --- ~-.- --- ---- --~ ---. -- -----~ --- --------~- ----- ------:-- ----
: : ~ :! : I : : : 

mO~~re2;.~~ ::::. E:::.-].::::1. ·:E:·· :].:. ·:r .... T:.:·l·· 
: :'::,: I dry density 96 pef --- -;- -- ---- ----,~ ---- --- -- --;" ---- -- --- -~- -- ---------~ ---------- -; --- --- -----~ -----------,- -----

LL 73, PI48, CH ---+ -- --------+-----------~~-- -- -- ----~- -----------~ --- --- -----~ -- ----- ---- ~-- -- -- ---- -~- ----­
-----;-- -- -- -----i- --- ---- --- -~- ---- -- -- --+ -- -- ----- --!~ ------- ----~------ ---- -+- ----------f ------ -- ---i- --------- -~- --- --
_____ ~ ______ -. ___ J ___________ -~- _________ ~~ __________ -::. _____ ~ ____ ~- ______ -:- __ -~ _____ 1_ - - - - - ~ - - - - - - - - - - - ~ - - - - - - - - - - -- - --

-----.------- -------~------- #4 1-----; #10 !----~-------.! #40 ;------~-----------~---- #200 

37.5 9.5 
19.0 4.8 

2.0 
0.85 

Grain Size In Millimeters 

0.43 
" '")" u.""'" 

0.15 
0.075 



.1 

100 

95 

90 

85 

80 

GRADATION CURVE 
Boring B-17, sample I at 5.5 feet 

-~- ----t.----i---- ~-----r---..:---.)-m-~-----~--mt--~·t--c~---- ~--- --i-----:- --- -; -- -- -~ --- --:----~;- ---- ---- -- -------
': , , , !: , , , , , ,: , 

-~~----~-----~----------~-----~----~-----~-----~----~----~.-----~----~-----~----~-----~-----~--------- .. ----- ----~-----.--I: ' , , 1; , I , • , :: I • , I , I , (I 

" I I , " , , , I , I' I ~- , , ' , , , 

-l~----~-----~-----:-----~-----~----~-----!-----~----~----l~-----~----~-----~-----:-----~-----~----~----~!----- ----,-----,--
I' , , I 'I' , r , I I I' I , • ..& I I , , :' _ ~: _____ ~ _____ ~ __ • __ ; ___ • _~ _____ :- __ • __ ; _____ ~ _____ ; _____ ~ ____ ~~ _____ ; _____ ~ ____ ~ _____ : _____ ~. ____ !- _____ ; ____ :- ~ _________ .). ____ L __ 

", I."", I' , ,. , 
75 -,~ -- --~--~--~---" -- h_~h -_':_1 1m ~----l:h- __ ~ _h_ ~ ____ r--------'-, _h~ __ m: h --~- -- -.; -- ' i - _ h: __ 
70 J----j- gravel --L---~----).i sand 1---L--Jll-----~-----j----; silt ~---;.----~-----:----;U claYi ____ ~--
65 -j~ ----~- --- -L -- __ -'- -___ t _. ___ ~. ___ J_I ____ ~ _____ ~_! ___ ~ ____ ~ _____ ~ ____ ~ ____ .':::=:d ____ ~ _____ ~ _____ :. __ _ Li -_!_ - _~. __ - ~~. - - - ~ __ 

60 -~~----~-----~----~-----~-----~----~-----~-----~----~- ---~;-----~----~-----;---~~-----~-----;----;----i~---- -;----~-----;--
I' , , I I' , , I , , I' I , , ..... ' I , I, , • I 

55 -t-- --:-----:- ----~-- ---r-- ---i -----~----- j- ----j- -- -- :----t -----~- ----:---- -:----t---j -- ---~ -----j- ---t j- ----:- --- --:- ----~--

:~ ~ J~~i~~~ -29.2 -%--- ~~~~ r~ ~~r~~ ~I~~~~T~~~L~~~lC~~T~~ ~L ~~T~~~r~ ~T~~~T~: ~r:: 1 C: ~r~~~I:: ~:: ~: , , , , , I' , , , , , , , I, , , , 

iL IJ -:: t:-E~:::f:~LJ::L~T:lj~:j:~ :~I: j: ::r ::'~::rl[ f::FJ 
20 j:1::- -"--.. -. -----'-----"---.. "----~---... --S ASTM D4221 --- --,- -- --~: -----. ---~- ---r -----" ----"-----. --

:~ ff.i__,-:-Fl::!r:-,-_-_!_~:·~c5::o:7 i-T-;-:--F:::-E-IjL-TTT 
75 19.0 4.8 0.85 0.25 0.075 0.0474 0.0223 0.0096 0.0048 0.0024 

.,7 t: 
wi .OJ 9.5 2.0 0.43 0.15 U.0001 0_0339 0.0136 0.0068 0.0033 0.0013 

Grain Size In Millimeters 
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a.. 
30 

25 

20 
15 

10 

5 

0 

l 

GRADATION CURVE 
Boring B-17, sample 9 at 45.5 leet 

-~--------------~-----------------------------------

, I " , 

---- .-- ----~------------:---- --------~-------- ---7--------- ---:- - --- -- --- --- ---- -- --- --~ -- ----- - - - -~ - - - - - - - - - - - -;- - - ---
, I ........... i··········· ·[············r --......... j ........... j .... -.. -""~"""""':"""""':""'" .... t····· 

-----------~-----------~------------~-----------.-----------~------------~-----------r-----------~-----------~-----j .,.. , , , , , 
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