
Geotechnical Investigation 
Lot 3R Powder 11 at Powder Mountain 

6599 North Powder Mountain Road 
Eden, UT 84310 

July 1, 2020 

Prepared For: 

Peterson Builders 
Attention: Tyson DeMeyer 

4794 East 2600 North 
Eden, Utah 84310 



 14425 South Center Point Way Bluffdale, Utah 84065 
 T: (801) 501-0583 ~ F: (801) 501-0584 

 
 

 
Prepared for: 
 
  
Peterson Builders  
Attn: Tyson DeMeyer  
4794 East 2600 North  
Eden, Utah 84310 
 
Geotechnical Investigation 
Lot 3R Powder 11 at Powder Mountain 
6599 North Powder Mountain Road 
Eden, Utah 
 
GeoStrata Job No. 1174-006 
 
Prepared By: Review By: 
 
 
 
 
 

 
________________________     __________________________ 
Sofia Agopian, G.I.T.  Daniel Brown, P.E. 
Staff Geologist       Project Geotechnical Engineer 
 
 
 
 
 
 

 
__________________________ 

  Timothy J. Thompson, P.G. 
        Principal Geologist 
GeoStrata 
14425 South Center Point Way 
Bluffdale, UT  84065 
(801) 501-0583 
 
July 1, 2020 

7/1/2020 



Copyright © 2020 GeoStrata i R1174-006 
 

TABLE OF CONTENTS 

1.0 EXECUTIVE SUMMARY ..................................................................................................................1 

2.0 INTRODUCTION ................................................................................................................................2 

2.1 PURPOSE AND SCOPE OF WORK ...............................................................................................2 

2.2 PROJECT DESCRIPTION ...............................................................................................................2 

3.0 METHOD OF STUDY ........................................................................................................................3 

3.1 OFFICE INVESTIGATION .............................................................................................................3 

3.2 SUBSURFACE INVESTIGATION .................................................................................................3 

3.3 LABORATORY TESTING ..............................................................................................................4 

3.4 ENGINEERING ANALYSIS ...........................................................................................................4 

4.0 GEOLOGIC CONDITIONS ...............................................................................................................5 

4.1 GEOLOGIC SETTING .....................................................................................................................5 

4.2 REPORTED SITE GEOLOGY .........................................................................................................6 

4.3 TECTONIC SETTING AND SEISMICITY .....................................................................................6 

5.0 GENERALIZED SITE CONDITIONS ..............................................................................................8 

5.1 SURFACE CONDITIONS ................................................................................................................8 

5.2 SUBSURFACE CONDITIONS ........................................................................................................8 
5.2.1 Soils .........................................................................................................................................8 
5.2.2 Groundwater Conditions .........................................................................................................9 
5.2.3 Swell Potential .........................................................................................................................9 

5.3 INTERPRETATION OF SUBSURFACE CONDITIONS ............................................................. 10 

5.4 STRENGTH OF EARTH MATERIALS ........................................................................................ 10 

6.0 ENGINEERING ANALYSIS AND RECOMMENDATIONS ....................................................... 12 

6.1 CONCLUSIONS ............................................................................................................................. 12 

6.2 EARTHWORK ............................................................................................................................... 12 
6.2.1 General Site Preparation and Grading ................................................................................. 12 
6.2.2 Soft Soil Stabilization ............................................................................................................. 13 
6.2.3 Excavation Stability ............................................................................................................... 13 
6.2.4 Structural Fill and Compaction ............................................................................................. 14 

6.3 FOUNDATIONS ............................................................................................................................ 15 
6.3.1 Installation and Bearing Material ......................................................................................... 16 
6.3.2 Bearing Pressure ................................................................................................................... 16 
6.3.3 Settlement ............................................................................................................................... 16 



Copyright © 2020 GeoStrata ii R1174-006 
 

6.3.4 Frost Depth ............................................................................................................................ 17 
6.3.5 Construction Observation ...................................................................................................... 17 
6.3.6 Foundation Drainage ............................................................................................................ 17 

6.4 EARTH PRESSURES AND LATERAL RESISTANCE ............................................................... 17 

6.5 CONCRETE SLAB-ON-GRADE CONSTRUCTION ................................................................... 19 

6.6 GLOBAL STABILITY OF NATURAL SLOPES .......................................................................... 19 

6.7 NEAR SURFACE STABILITY OF NATURAL SLOPES ............................................................ 20 

6.8 MOISTURE PROTECTION AND SURFACE DRAINAGE......................................................... 21 

7.0 CLOSURE .......................................................................................................................................... 22 

8.0 REFERENCES CITED ..................................................................................................................... 24 

 
 
APPENDICES 
 
Appendix A Plate A-1 ................................Site Vicinity Map  
  Plate A-2 ................................Topographic Map 

Plate A-3 ................................Exploration Location Map 
Plate A-4 ................................Site Vicinity 30’ x 60’ Geologic Map  
Plate A-5 ................................Site Specific Geologic Map  
Plate A-6 ................................Geologic Cross-Section A-A’ 

 
Appendix B Plate B-1 to B-2 .....................Test Pit Logs 

Plate B-3.................................Key to Soil Symbols and Terms 
Plate B-4.................................Key to Rock Properties 
 

Appendix C Plate C-1.................................Lab Summary Report 
  Plate C-2.................................Atterberg Limits Test Results 
  Plate C-3.................................Grain Size Distribution Test Results 
  Plate C-4.................................Collapse Test Results 
  Plate C-5.................................Consolidation Test Results 
  Plate C-6 to C-8 .....................Direct Shear Test Results 
 
Appendix D Plate D-1 ................................Static Slope Stability Analysis Results 
  Plate D-2 ................................Pseudo Static Slope Stability Analysis Results 
 
Appendix E Plate E-1 to E-2 ......................Important Information about This Geotechnical 

Report 
 



Copyright © 2020 GeoStrata 1 R1174-006 

1.0 EXECUTIVE SUMMARY 
 
This report presents the results of a geotechnical investigation conducted for the proposed 
residential development to be constructed at 6599 North Mountain Road in Eden, Utah. The 
subject site has an area of approximately 0.68 acres. The purposes of this investigation are to 
provide an assessment of the nature and engineering properties of the subsurface soils at the 
subject site and to provide recommendations for general site grading and the design and 
construction of foundations, pavement sections, and slabs-on-grade. We have also performed a 
slope stability assessment of the proposed cut and fill plans as part of the development of the site. 
 
Based on the subsurface conditions encountered at the site, it is our opinion that the subject site 
is suitable for the proposed construction provided that a final, design grade geotechnical 
investigation be completed prior to the initiation of construction activities.  
 
The subsurface soil conditions were explored at the subject property by excavating two test pits 
to depths ranging from 15 to 16 feet below the existing site grade. Based on our field 
observations, the site is overlain by approximately 0- to ½-ft of undocumented fill composed of 
silt and gravel. The undocumented fill is underlain by approximately 1 foot of topsoil composed 
of silt, clay and gravel. Based on our geologic review of the site and our subsurface 
investigation, the topsoil is underlain by Neoproterozoic Mutual Formation (Zm) as shown on 
Plate A-4, Site Vicinity 30’ x 60’ Geologic Map. 
 
Based on the results of our investigation, the foundations for the proposed structures may consist 
of conventional strip and/or spread footings. Strip and spread footings should be a minimum of 
20 and 36 inches wide, respectively, and exterior shallow footings should be embedded at least 
48 inches below final grade for frost protection and confinement. Interior shallow footings not 
susceptible to frost conditions should be embedded at least 18 inches for confinement. The 
foundation for the proposed structure may consist of conventional strip footings founded entirely 
on undisturbed native granular soils or entirely on bedrock. If footing excavations expose 
combination soils or a combination of soils and bedrock, the foundation excavation should be 
over-excavated at least 12 inches to allow placement of a minimum of 12 inches of structural fill 
to limit the potential for differential settlement. Conventional strip and spread footings founded 
as described above may be proportioned for a maximum net allowable bearing capacity of 1,500 
pounds per square foot (psf). 
 
Recommendations for general site grading, design of foundations, slabs-on-grade, moisture 
protection as well as other aspects of construction are included in this report.  
 
 

IMPORTANT INFORMATION ABOUT THIS GEOTECHNICAL-ENGIEERING REPORT: 
Do not rely on the executive summary. The executive summary omits a number of details, any one of which 
could be crucial. Read and refer to the report in full. Do not rely on this report if this report was prepared for 
a different client, different project, different purpose, different site, and/or before important events occurred 
at the site or adjacent to it. All recommendations in this report are confirmation dependent. A two-page 
document prepared by GBA explains these items with greater detail is found in Appendix E (Plates E-1 and 
E-2).  
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2.0 INTRODUCTION 

2.1 PURPOSE AND SCOPE OF WORK 

This report presents the results of a geotechnical investigation conducted for the proposed 
residential development to be constructed at 6599 North Mountain Road in Eden, Utah. The 
subject site has an area of approximately 0.68 acres. The purposes of this investigation are to 
provide an assessment of the nature and engineering properties of the subsurface soils at the 
subject site and to provide recommendations for general site grading and the design and 
construction of foundations, pavement sections, and slabs-on-grade. We have also performed a 
slope stability assessment of the proposed cut and fill plans as part of the development of the site.  
 
The scope of work completed for this study included a site reconnaissance, subsurface 
exploration, soil sampling, laboratory testing, engineering analyses, and preparation of this 
report. Our services were performed in accordance with our proposal and signed authorization, 
dated June 1, 2020. The recommendations contained in this report are subject to the limitations 
presented in the "Limitations" section of this report. 

2.2 PROJECT DESCRIPTION 

The project site is located at 6599 North Mountain Road in Eden, Utah (see Plate A-1, Site 
Vicinity Map and Plate A-2, Site Topographic Map). Information concerning the nature of the 
project was provided by the Client in the form of permit plans titled “Wingate Residence” 
prepared by Reeve and Associates, Inc (April, 2020). The proposed residences will consist of a 2 
to 3 story, wood-framed structure, with basement (if feasible) founded on standard strip and 
spread footings. Our investigation for the development will be used to provide geotechnical 
design parameters for construction of buildings, pavement, and associated infrastructure.  
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3.0 METHOD OF STUDY 

3.1 OFFICE INVESTIGATION 

To prepare for the investigation, GeoStrata reviewed pertinent literature and maps listed in the 
references section of this report, which provided background information on the local geologic 
history of the area (Elliot and Harty, 2010; Coogan and King, 2016; Black and others, 2003). A 
stereographic aerial photograph interpretation was performed for the subject site using a set of 
stereo aerial photographs obtained from the UGS as shown in Table 1. 
 

Source Photo Number Date Scale 
USFS ELK_2-202 June 25, 1963 1:15,840 
USFS ELK_2-201 June 25, 1963 1: 15,840 

Table 1: Aerial Stereosets. 

 
GeoStrata also conducted a review of 2016 0.5-meter lidar provided by the State of Utah AGRC 
to assess the subject site for visible lineations related to landslide geomorphology that would 
indicate instability off the hillside in the area of proposed development. The digital elevation 
models were used to create hillshade imagery that could be reviewed for assessment of 
geomorphic features.  

3.2 SUBSURFACE INVESTIGATION 

As part of this geotechnical investigation, subsurface soil conditions were explored by 
excavating 2 exploratory test pits within the subject property. The test pits were advanced to 
depths ranging from 15 to 16 feet below the site grade as it existed at the time of our 
investigation. The approximate locations of the explorations are shown on the Exploration 
Location Map, Plate A-3 in Appendix A. Our exploration points were selected to provide a 
representative cross-section of the subsurface soils across the site. Subsurface soil conditions as 
encountered in the explorations were logged at the time of our investigation by a qualified 
geotechnical engineer and are presented on the enclosed Test Pit Logs, Plates B-1 to B-2 in 
Appendix B. A Key to USCS Soil Symbols and Terminology is presented on Plate B-3.  
 
The test pits were excavated using a trackhoe. Bulk soil samples were obtained in each of the test 
pit explorations through the collection of bag and tube samples. All samples were transported to 
our laboratory for testing to evaluate engineering properties of the various earth materials 
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observed. The soils were classified according to the Unified Soil Classification System (USCS) 
by the Geotechnical Engineer. Classifications for the individual soil units are shown on the 
attached Test Pit Logs. 

3.3 LABORATORY TESTING 

Geotechnical laboratory tests were conducted on samples obtained during our field investigation. 
The laboratory testing program was designed to evaluate the engineering characteristics of onsite 
earth materials. Laboratory tests conducted during this investigation include: 
 
- Grain Size Distribution Analysis (ASTM D422) 
- Atterberg Limits Test (ASTM 4318) 
- Direct Shear Test (ASTM D3080) 
- 1-D Collapse/Swell Test (ASTM D4546) 
- 1-D Consolidation Test (ASTM D2435) 

 
The results of laboratory tests are presented on the Test Pit Logs in Appendix B (Plates B-1 to B-
2), the Laboratory Summary Table, and the test result plates presented in Appendix C (Plates C-1 
to C-5). 

3.4 ENGINEERING ANALYSIS 

Our preliminary engineering analyses were performed using soil data obtained from the 
laboratory test results and empirical correlations from material density, depositional 
characteristics and classification. Appropriate factors of safety were applied to the results 
consistent with industry standards and the accepted standard of care.  
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4.0 GEOLOGIC CONDITIONS 

4.1 GEOLOGIC SETTING 

The site is located in Eden, Utah at an elevation between approximately 8,180 to 8,250 feet 
above mean sea level in the mountains east of Ogden Valley. Outcroppings of Proterozoic age 
sedimentary bedrock indicative of a coastal environment with fluctuating sea levels are visible 
primarily in the northern and eastern portions of Ogden Valley. After their formation, these 
sedimentary beds were exposed to folding and uplift related to the collision between the North 
America and Farallon tectonic plates during what is referred to as the Sevier Orogeny which 
lasted from the Cretaceous to early Tertiary. The Willard Thrust fault, one of the largest faults in 
the Sevier mountain belt, bounds the western side of Ogden Valley. The Maple Canyon Thrust 
fault is also part of the Sevier Orogeny and is located trending northeast through Maple Canyon. 
Volcanism during the Tertiary gave rise to the deposition of Norwood Tuff which is prevalent in 
the southern portion of Ogden Valley and along knolls or foothills in the central portion of the 
valley. Transition from thrust faulting to Basin and Range extension occurred during the 
Cenozoic. As a result, the Ogden Valley is a northwest trending structural basin or fault graben 
flanked by two uplifted blocks, the Wasatch Range on the west and unnamed flat-topped 
mountains to the east (King and others 2008). The Wasatch Range is the easternmost expression 
of pronounced Basin and Range extension in north-central Utah (Stokes, 1986).  
 
The near-surface geology of the Ogden Valley is dominated by lake sediments which were 
deposited within the last 30,000 years during the high stand of the Lake Bonneville Cycle when 
water inundated Ogden Canyon and formed a small lake in Ogden Valley (Scott and others, 
1983; Hintze, 1993; Leggette and Taylor, 1937; King and others, 2008). As the lake receded, 
streams began to incise large deltas that had formed at the mouths of major canyons along the 
Wasatch Range and the unnamed flat-topped mountains bounding the eastern margins of Ogden 
Valley. The eroded material was then deposited in shallow lakes and marshes in the basin and in 
a series of recessional deltas and alluvial fans. Sediments toward the center of the valley are 
predominately deep-water deposits of clay, silt and fine sand whereas sediments closer to the 
mountain fronts are shallow-water deposits of coarse sand and gravel. However, these deep-
water deposits are in places covered by a thin post-Bonneville alluvial cover.   
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4.2 REPORTED SITE GEOLOGY 

The geology mapped as overlying the subject site, as reported on available geologic maps, are 
shown on Plate A-4, Site Vicinity 30’ x 60’ Geologic Map (Coogan and King, 2016). As shown 
on Plate A-4, Coogan and King (2016) delineates the geology within the subject site as 
Neoproterozoic Mutual Formation (Zm) bedrock. The Mutual Formation (Zm) is described by 
Coogan and King (2016) as grayish-red to purplish-gray, medium to thick-bedded quartzite with 
pebble conglomerate lenses. Middle Cambrian Ute Formation (Cu) is mapped southeast of the 
subject site and Middle and Lower Cambrian or possibly Neoproterozoic Geertsen Canyon 
Quartzite (Cgc) is mapped southwest of the subject site. North and northeast trending thrust 
faults related to the Sevier Orogeny are mapped north and south of the subject site and mark the 
contact boundary between the above bedrock units. The Ute Formation is described as gray thin- 
to thick-bedded limestone with tan-,yellowish-tan-, and reddish-tan-weathering, wavy, silty 
layers and partings, and olive-gray to tan-gray, thin-bedded shale and micaceous argillite. The 
Geertsen Canyon Quartzite is described as an off-white and tan quartzite with pebble 
conglomerate beds. 

4.3 TECTONIC SETTING AND SEISMICITY  

The subject site is located in the Powder Mountain Ski Resort at 6599 North Mountain Road in 
Eden, Utah. The nearest active fault (Holocene age) is the north trending and west dipping 
Weber Section of the Wasatch Fault Zone (WFZ) which is located approximately 8½ miles east 
of the subject site. The Weber segment extends for about 35 miles from its southern terminus to 
its northern terminus (Nelson and Personius, 1993). The southern terminus of the Weber 
Segment occurs at the Salt Lake Salient, a ridge of Paleozoic and Tertiary bedrock that extends 
west of the Wasatch Front at the northern end of the Salt Lake rupture segment. The geometry of 
linkage between the main rupture zones in the Weber segment and faults in the interior of the 
Salt Lake salient is not clear. Surface scarps at the southern margin of the salient are 
discontinuous, but apparently extend into the large normal fault along the eastern boundary of 
the segment. There is no reported evidence for Quaternary movement on this fault in the interior 
of the salient, so presumably the Quaternary ruptures have not reactivated most of this fault. The 
Pleasant View Salient marks the boundary between the Weber Segment and the Brigham City 
Segment to the north (Personius, 1986, Zoback, 1983). Prior paleoseismic studies report that the 
Weber segment of the WFZ is thought to have experienced four surface faulting seismic events 
since the middle Holocene. Nelson and others (2006) report four surface faulting seismic events 
since the middle Holocene with the most recent event being a partial segment rupture which 
occurred approximately 500 years ago resulting in a 1.6 feet surface rupture displacement. 
DuRoss and others (2009) report evidence from the 2007 Rice Creek trench site of as many as 
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six surface faulting seismic events during the Holocene with four surface faulting events in 
approximately the past 5,400 years. This data from DuRoss and others (2009) supports the partial 
segment surface rupture timing reported by Nelson and others (2006). A location near Kaysville, 
Utah indicated that the Weber Segment has a measurable offset of 1.4 to 3.4 meters per event 
(McCalpin and others, 1994). The Weber Segment may be capable of producing earthquakes as 
large as magnitude 7.5 (Ms). The consensus preferred recurrence interval for the Weber segment, 
determined by the Utah Quaternary Fault Working Group, is approximately 1,400 years for the 
past four surface fault rupture earthquakes (Lund, 2005).  

 
Spectral responses for the Risk-Targeted Maximum Considered Earthquake (MCER) are shown 
in the table below. These values generally correspond to a one percent probability of structure 
collapse in 50 years for a “firm rock” site. To account for site effects, site coefficients which 
vary with the magnitude of spectral acceleration are used. Based on our experience and field 
exploration to 16 feet, it is our opinion that this location is best described as a Site Class C. Due 
to the size of the potential structures we have assumed that the structures have a fundamental 
period of vibration less than 0.5 seconds. According to the exception in ASCE 7-16 Section 20.3 
the site would be classified as a Site Class C (very dense soil and soft rock). The spectral 
accelerations are calculated based on the site’s approximate latitude and longitude of 41.3793° 
and -111.7853˚ respectively and the Seismic Design Maps web-based application 
at https://seismicmaps.org/. 
 

Description Value 

Ss - MCER ground motion (period – 0.2s) 0.856 
S1 - MCER ground motion (period – 1.0s) 0.298 

Fa - Site amplification factor at 1.0s 1.200 
Fv - Site amplification factor at 1.0s 1.500 

PGA - MCEG peak ground acceleration 0.374 
PGAM – Site modified peak ground acceleration 0.449 

 
It should be noted that our investigation did not include a site-specific ground motion hazards 
assessment. Based on geologic mapping and observations within the test pits excavated at the 
site, a site class C has been assigned to the near surface soils in this report. Due to the S1 values 
exceeding 0.2g, the structural engineer will need to take an exception as per Section 11.4.8 of the 
ASCE 7-16. As an alternative, GeoStrata may be contacted to complete a ground motion hazards 
analysis for the subject site as per Chapter 21 of the ASCE 7-16.  

https://seismicmaps.org/
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5.0 GENERALIZED SITE CONDITIONS 

5.1 SURFACE CONDITIONS 

At the time of our subsurface investigation, the property existed as an undeveloped parcel on a 
steep native hillside in the Powder Mountain Ski Resort located in Ede, Utah. Minor disturbance 
due to placement of water utilities was observed through the central portion of the subject site. 
No permanent above-ground structures were observed at the subject site. The property is 
bordered to the north and east by established single-family residences, an undeveloped single-
family residential parcel to the east and by North Mountain Road to the south. Dense mature 
scrub oak and large brush was observed to cover much of the northeast corner of the subject site 
while the remainder of the parcel contained native grasses. Mutual Formation (Zm) quartzite 
bedrock outcroppings were observed in the southeast corner of the subject site.  

5.2 SUBSURFACE CONDITIONS 

As mentioned previously, the subsurface soil conditions were explored at the subject property by 
excavating two test pits to depths ranging from 15 to 16 feet below the existing site grade. 
Subsurface soil conditions were logged during our field investigation and are included on the 
Test Pit Logs in Appendix B (Plates B-1 to B-2). The soil and moisture conditions encountered 
during our investigation are discussed below. 

5.2.1 Soils 

Based on our field observations, the site is overlain by approximately 0- to ½-ft of 
undocumented fill composed of silt and gravel. The undocumented fill is underlain by 
approximately 1 foot of topsoil composed of silt, clay and gravel. Based on our geologic review 
of the site and our subsurface investigation, the topsoil is underlain by Neoproterozoic Mutual 
Formation (Zm) as shown on Plate A-4, Site Vicinity 30’ x 60’ Geologic Map. Descriptions of 
the soil units encountered are described below: 
 
Undocumented Fill: Where observed, the undocumented fill consisted of light brown, slightly 
moist, Silty GRAVEL (GM). Undocumented fill was encountered only in TP-2 advanced as part 
of this investigation and is anticipated to thinly overlie the western portions of the site and 
outside of the proposed building footprint. 
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Topsoil: Where observed, the topsoil consisted of dark brown, moist, SILT (ML) with clay and 
gravel. This unit also has an organic appearance and texture, with numerous roots throughout. 
Topsoil was encountered in each of the test pits advanced as part of this investigation and is 
anticipated to overlie the majority of the site. 
 
Neoproterozoic Quartzite of the Mutual Formation (Zm): Where observed, these soils consisted 
of a completely weathered bedrock that weathers to coarse-grained soils. These sediments 
consisted of a very dense, moist, strong brown Silty Clayey GRAVEL (GC-GM) and Silty 
Clayey SAND (SC-SM) with varying amounts of gravel. These coarse-grained sediments 
consisted of subangular clasts ranging from pea sized to a maximum observed gravel diameter of 
approximately 11-inches.  
 
Neoproterozoic Argillite of the Mutual Formation (Zm): Where observed, these soils consisted 
of a completely weathered bedrock that weathers to coarse-grained soils. These sediments 
consisted of a very dense, moist, strong brown to light strong brown with white and black 
mottling Silty SAND (SM). 
 
The stratification lines shown on the enclosed Test Pit Logs represent the approximate boundary 
between soil types. The actual in-situ transition may be gradual. Due to the nature and 
depositional characteristics of the native soils, care should be taken in interpolating subsurface 
conditions between and beyond the exploration locations. 

5.2.2 Groundwater Conditions 

Groundwater was encountered in each test pits advanced as part of this investigation at a depth of 
approximately 11 feet in TP-1 and 7½ feet in TP-2. It is our opinion that based on the elevation 
of the subject site and location, the observed groundwater levels are related to snowmelt and 
seasonal runoff. Foundation drains are recommended as part of the construction of the proposed 
single-family residence and will be discussed in more detail in Section 6.6 of this report.  

5.2.3 Swell Potential  

Swelling soils, also known as expansive soils, are undisturbed soils that exhibit volumetric strain 
and expansion upon wetting under increased loading conditions. Swelling soils can cause 
differential settling of structures and roadways. Swelling soils do not necessarily preclude 
development and can be mitigated by restricting the introduction of landscape water to the site, 
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engineering proper site drainage design to remove surface water by unimpeded surface runoff to 
limit surface water infiltration, and over-excavation of swelling soils and replacement of the over 
excavated soils with properly placed and compacted structural fill approved by the project 
geotechnical engineer. For some structures that are particularly sensitive to differential 
settlement, or in areas where swelling soils are identified to great depth, a deep foundation 
system should be considered. 
 
Soils that have a potential to swell under increased moisture conditions are typically 
characterized by a high liquid limit and plasticity index. In general, potentially expansive soils 
are observed in elastic silts and fat clays. Some potentially swelling soils were encountered at the 
site and classify as a Sandy Silty CLAY (CL). Free swell tests were performed on the Sandy 
Silty CLAY (CL) soils encountered at the subject site. Results indicate a low swell potential of 
0.03%.  

5.3 INTERPRETATION OF SUBSURFACE CONDITIONS 

Based on our review of published geologic maps, aerial stereosets, hillshades derived from 2016 
0.5-meter lidar, our subsurface investigation, and our field observations, GeoStrata has compiled 
a Site Specific Geologic Map, Plate A-5.  
 
Based on the test pits excavated as part of this study, published geologic maps, field observations 
and review of hillshades derived from 2016 0.5-meter lidar, it is our opinion that the subject site 
is underlain by completely weathered quartzite and argillite of the Mutual Formation (Zm) 
bedrock. The Mutual Formation (Zm) is described by Coogan and King (2016) as grayish-red to 
purplish-gray, medium to thick-bedded quartzite with pebble conglomerate lenses and contains 
medial argillite in the James Peak Quadrangle. Based on our subsurface investigation, the 
completely weathered quartzite unit is up to 10 feet thick and was observed to overlie the 
completely weathered argillite unit. The completely weathered argillite unit was observed to 
extend the remainder of the depth of the exploratory test pits.  

5.4 STRENGTH OF EARTH MATERIALS 

Direct shear tests were completed on remolded samples of the weathered bedrock soils observed 
within in the test pits. Due to the granular nature of the soil sampled, it was not feasible to obtain 
a relatively “undisturbed” sample of this deposit. The size of the aggregate exceeds the limits of 
our direct shear equipment, so the sample was screened, and the larger aggregate were removed 
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to run the remolded direct shear tests. The results of our direct shear tests are summarized in the 
table below. 
 

Sample Location Depth 
(ft) 

Friction Angle 
(phi) (degrees) 

Cohesion 
(psf) 

TP-1 7 36 280 
TP-1 12.5 32 30 
TP-2 15.5 30 445 

 
Based on the results of our laboratory strength testing of the weathered bedrock units, the table 
below summarizes the assigned strength of earth materials. 
 

Material 
Friction Angle 
(phi) (degrees) 

Cohesion 
(psf) 

Quartzite of the 
Mutual Formation 

(Zm) 
36 140 

Argillite of the 
Mutual Formation 

(Zm) 
30 200 
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6.0 ENGINEERING ANALYSIS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

Supporting data upon which the following recommendations are based have been presented in 
the previous sections of this report. The recommendations presented herein are governed by the 
physical properties of the earth materials encountered and tested as part of our subsurface 
exploration and the anticipated design data discussed in the PROJECT DESCRIPTION 
section. If subsurface conditions other than those described herein are encountered in 
conjunction with construction, and/or if design and layout changes are initiated, GeoStrata must 
be informed so that our recommendations can be reviewed and revised as changes or conditions 
may require.  
 
Based on the subsurface conditions encountered at the site, it is our opinion that the subject site is 
suitable for the proposed development provided that the recommendations contained in this report 
are incorporated into the design and construction of the project.  

6.2 EARTHWORK 

Prior to the placement of foundations, general site grading is recommended to provide proper 
support for foundations, exterior concrete flatwork, and concrete slabs-on-grade. Site grading is 
also recommended to provide proper drainage and moisture control on the subject property and 
to aid in preventing differential settlement of foundations as a result of variations in subgrade 
moisture conditions.  

6.2.1 General Site Preparation and Grading 

Within areas to be graded (below proposed structures, fill sections, concrete flatwork, or 
pavement sections), any existing vegetation, debris, undocumented fill, or otherwise unsuitable 
soils should be removed. Any soft, loose, or disturbed soils should also be removed. Following 
the removal of vegetation, unsuitable soils, and loose or disturbed soils as described above, site 
grading may be conducted to bring the site to design elevations. 
 
Based on our observations in the test pits excavated for our site investigation, there is 
approximately 0 to 6 inches of undocumented fill and 12 inches of organic topsoil overlying the 
site. This material should be removed prior to placement of structural fill, structures, concrete 
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flatwork, and roadways. If over-excavation is required, the excavation should extend a minimum 
of one foot laterally for every foot of depth of over-excavation. Excavations should extend 
laterally at least two feet beyond flatwork, pavements, and slabs-on-grade. If materials are 
encountered that are not represented in the test pit logs or may present a concern, GeoStrata 
should be notified so observations and further recommendations as required can be made.  
 
A GeoStrata representative should observe the site preparation and grading operations to assess 
that the recommendations presented in this report are complied with. 

6.2.2 Soft Soil Stabilization 

Soft or pumping soils may be exposed in excavations at the site. Once exposed, all subgrade 
surfaces beneath proposed structure, pavements, and flat work concrete should be proof rolled 
with a piece of heavy wheeled-construction equipment. If soft or pumping soils are encountered, 
these soils should be stabilized prior to construction of footings. Stabilization of the subgrade 
soils can be accomplished using a clean, coarse angular material worked into the soft subgrade. 
We recommend the material be greater than 2-inch diameter, but less than 6 inches. A locally 
available pit-run gravel may be suitable but should contain a high percentage of particles larger 
than 2 inches and have less than 7 percent fines (material passing the No. 200 sieve). A pit-run 
gravel may not be as effective as a coarse, angular material in stabilizing the soft soils and may 
require more material and greater effort. The stabilization material should be worked (pushed) 
into the soft subgrade soils until a firm relatively unyielding surface is established. Once a firm, 
relatively unyielding surface is achieved, the area may be brought to final design grade using 
structural fill. 
 
In large areas of soft subgrade soils, stabilization of the subgrade may not be practical using the 
method outlined above. In these areas it may be more economical to place a non-woven 
geotextile fabric against the soft soils covered by a geogrid and 12 inches of granular structural 
fill meeting requirements of Section 6.2.4 below. The geogrid should consist of Tensar TX130S 
or prior approved equivalent. The filter fabric should consist of Tencate Mirafi 140N or 
equivalent as approved by the Geotechnical Engineer. 

6.2.3 Excavation Stability 

Based on Occupational Safety and Health Administration (OSHA) guidelines for excavation 
safety, trenches with vertical walls up to 5 feet in depth may be occupied, however, the presence 
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of fill soils, loose soils, or wet soils may require that the walls be flattened to maintain safe 
working conditions. When the trench is deeper than 5 feet, we recommend a trench-shield or 
shoring be used as a protective system to workers in the trench. Based on our soil observations, 
laboratory testing, and OSHA guidelines, native soils at the site classify as Type C soils. Deeper 
excavations, if required, should be constructed with side slopes no steeper than one and one-half 
horizontal to one vertical (1.5H:1V). If wet conditions are encountered, side slopes should be 
further flattened to maintain slope stability. Alternatively, shoring or trench boxes may be used 
to improve safe work conditions in trenches. The contractor is ultimately responsible for trench 
and site safety. Pertinent OSHA requirements should be met to provide a safe work environment. 
If site specific conditions arise that require engineering analysis in accordance with OSHA 
regulations, GeoStrata can respond and provide recommendations as needed.  
 
We recommend that a GeoStrata representative be on-site during all excavations to assess the 
exposed foundation soils. We also recommend that the Geotechnical Engineer be allowed to 
review the grading plans when they are prepared in order to evaluate their compatibility with 
these recommendations. 

6.2.4 Structural Fill and Compaction 

All fill placed for the support of structures, concrete flatwork or pavements should consist of 
structural fill. Structural fill may consist of a reworked native, granular soil provided it is first 
screened for debris, vegetation, and clasts exceeding 4 inches in maximum diameter. 
Alternatively, an imported fill meeting the specifications below may be used. Imported structural 
fill should be a relatively well graded granular soil with a maximum of 50 percent passing the 
No. 4 mesh sieve and a maximum fines content (minus No.200 mesh sieve) of 25 percent. Clay 
and silt particles in imported structural fill should have a liquid limit less than 35 and a plasticity 
index less than 15 based on the Atterberg Limit’s test (ASTM D-4318). Regardless if the 
structural fill is imported or native, it should be free of vegetation, debris or frozen material, and 
should contain no inert materials larger than 4 inches nominal size. All structural fill soils should 
be approved by the Geotechnical Engineer prior to placement. The contractor should anticipate 
testing all soils used as structural fill frequently to assess the maximum dry density, fines 
content, and moisture content, etc. 
 
All structural fill should be placed in maximum 6-inch loose lifts if compacted by small hand-
operated compaction equipment, maximum 8-inch loose lifts if compacted by light-duty rollers, 
and maximum 10-inch loose lifts if compacted by heavy duty compaction equipment that is 
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capable of efficiently compacting the entire thickness of the lift. We recommend that all 
structural fill be compacted on a horizontal plane, unless otherwise approved by the geotechnical 
engineer. Structural fill sections up to 4-feet in thickness should be compacted to at least 95% of 
the maximum dry density (MDD), as determined by ASTM D-1557. Structural fill in excess of 
4-feet in thickness should be compacted to at least 98% of the MDD (ASTM D-1557). If 
structural fill is required beneath footings, for maximum fill sections of 3-ft or less, we 
recommend that at least 1-ft of structural fill be placed beneath all footings. If maximum 
structural fill sections exceed 3-ft but are less than 5-ft, we recommend that at least 2-ft of 
structural fill be placed beneath all footings. If maximum structural fill sections exceed 5-ft, we 
recommend that at least 3-ft of structural fill be placed beneath all footings. The moisture content 
should be at or slightly above the optimum moisture content (OMC) at the time of placement and 
compaction. Also, prior to placing any fill, the excavations should be observed by the 
geotechnical engineer to observe that any unsuitable materials or loose soils have been removed. 
In addition, proper grading should precede placement of fill, as described in the General Site 
Preparation and Grading subsection of this report (Section 6.2.1). 
 
Fill soils placed for subgrade below exterior flat work and pavements, should be within 3% of 
the OMC when placed and compacted to at least 95% of the MDD as determined by ASTM D-
1557. All utility trenches backfilled below the proposed structure, pavements, and flatwork 
concrete, should be backfilled with structural fill that is within 3% of the OMC when placed and 
compacted to at least 95% of the MDD as determined by ASTM D-1557. All other trenches, in 
landscape areas, should be backfilled and compacted to at least 90% of the MDD (ASTM D-
1557). 
 
The gradation, placement, moisture, and compaction recommendations contained in this section 
meet our minimum requirements but may not meet the requirements of other governing agencies 
such as city, county, or state entities. If their requirements exceed our recommendations, their 
specifications should override those presented in this report.  

6.3 FOUNDATIONS 

The foundations for the proposed structures may consist of conventional strip and/or spread 
footings. Strip and spread footings should be a minimum of 20 and 36 inches wide, respectively, 
and exterior shallow footings should be embedded at least 48 inches below final grade for frost 
protection and confinement. Interior shallow footings not susceptible to frost conditions should 
be embedded at least 18 inches for confinement. 
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6.3.1 Installation and Bearing Material 

The foundation for the proposed structure may consist of conventional strip footings founded 
entirely on undisturbed native granular soils or entirely on bedrock. If footing excavations 
expose combination soils or a combination of soils and bedrock, the foundation excavation 
should be over-excavated at least 12 inches to allow placement of a minimum of 12 inches of 
structural fill to limit the potential for differential settlement. Strip footings should be a minimum 
of 20-inches wide and exterior shallow footings should be embedded at least 48-inches below 
final grade for frost protection and confinement. Interior footings not subject to frost should be 
embedded at least 18 inches below final grade to provide confinement. To provide adequate 
support and confinement, we recommend that footings be place at least 15 feet, measured 
horizontally, from the face of existing or fill slopes at the site. 
 
Soft or pumping soils may be exposed in foundation excavations due to presence of perched 
groundwater and the high fines content of some of the granular soils observed in our test pits. 
Where soft or pumping soils are exposed, prior to placement of foundations, the soft or pumping 
soils should be stabilized (See Section 6.2.2).  
 
All organic material, soft areas, frozen material or other inappropriate material shall be removed 
from the footing zone to a depth determined by the Geotechnical Engineer and be replaced with 
structural fill where over excavation is required. 

6.3.2 Bearing Pressure 

Conventional strip and spread footings founded as described above may be proportioned for a 
maximum net allowable bearing capacity of 1,500 pounds per square foot (psf). The 
recommended net allowable bearing pressure refers to the total dead load and can be increased 
by 1/3 to include the sum of all loads including wind and seismic. 

6.3.3 Settlement 

Settlements of properly designed and constructed conventional footings, founded as described 
above, are anticipated to be less than 1 inch. Differential settlements should be on the order of 
half the total settlement over 30 feet. 
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6.3.4 Frost Depth 

All exterior footings are to be constructed at least 48 inches below the ground surface for frost 
protection and confinement. This includes walk-out areas and may require fill to be placed 
around buildings. Interior footings not susceptible to frost conditions should be embedded at 
least 18 inches for confinement. If foundations are constructed through the winter months, all 
soils on which footings will bear shall be protected from freezing. 

6.3.5 Construction Observation 

A geotechnical engineer shall periodically monitor excavations prior to installation of footings. 
Inspection of soil before placement of structural fill or concrete is required to detect any field 
conditions not encountered in the investigation which would alter the recommendations of this 
report. All structural fill material shall be tested under the direction of a geotechnical engineer 
for material and compaction requirements.  

6.3.6 Foundation Drainage 

Due to the observed perched groundwater and the possibility of moisture reaching the foundation 
elements during spring runoff, it is recommended that a foundation drain be constructed around 
any subgrade walls. The foundation drain should consist of a 4-inch perforated pipe placed at or 
below the footing elevation. The pipe should be covered with at least 12 inches of free draining 
gravel (containing less than 5 percent passing the No 4 sieve) and be graded to a free gravity out 
fall or to a pumped sump. A separator fabric, such as Mirafi 140N, should separate the free 
draining gravel and native soil (i.e. the separator fabric should be placed between the gravel and 
the native soils at the bottom of the gravel, the side of the gravel where the gravel does not lie 
against the concrete footing or foundation and at the top of the gravel). We recommend that the 
gravel extend up the foundation wall to within 3 feet of the final ground surface. As an 
alternative, the gravel extending up the foundation wall may be replaced with a prefabricated 
drain panel, such as Ecodrain-E.  

6.4 EARTH PRESSURES AND LATERAL RESISTANCE 

Lateral forces imposed upon conventional foundations due to wind or seismic forces may be 
resisted by the development of passive earth pressures and friction between the base of the 
footing and the supporting subgrade. In determining the frictional resistance, a coefficient of 
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friction of 0.42 should be used for granular native soils, structural fill or drain gravel against 
concrete.  
 
Ultimate lateral earth pressures from granular backfill acting against buried walls and structures 
may be computed from the lateral pressure coefficients or equivalent fluid densities presented in 
the following table; 
 

*     Based on Rankine’s equation 
 **   Based on Jaky 
 *** Based on Mononobe-Okabe Equation  
 
These coefficients and densities assume level backfill with no buildup of hydrostatic pressures. 
The force of the water should be added to the presented values if hydrostatic pressures are 
anticipated. If sloping backfill is present, we recommend the geotechnical engineer be consulted 
to provide more accurate lateral pressure parameters once the design geometry is established. 
 
Walls and structures allowed to rotate slightly should use the active condition. If the element is 
constrained against rotation, the at-rest condition should be used. These values should be used 
with an appropriate factor of safety against overturning and sliding. A value of 1.5 is typically 
used. Additionally, if passive resistance is calculated in conjunction with frictional resistance, the 
passive resistance should be reduced by ½. 
 
For seismic analyses, the active and passive earth pressure coefficient provided in the table is 
based on the Mononobe-Okabe pseudo-static approach and only accounts for the dynamic 
horizontal thrust produced by ground motion. Hence, the resulting dynamic thrust pressure 
should be added to the static pressure to determine the total pressure on the wall. The pressure 
distribution of the dynamic horizontal thrust may be closely approximated as an inverted triangle 
with stress decreasing with depth and the resultant acting at a distance approximately 0.6 times 
the loaded height of the structure, measured upward from the bottom of the structure. 

Active* 0.28 34
At-rest** 0.47 59
Passive* 7.33 917

Seismic Active*** 0.51 64
Seismic Passive*** -2.74 -343

Condition Lateral Pressure 
Coefficient

Equivalent Fluid Density 
(pounds per cubic foot)
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The coefficients shown assume a vertical wall face. Hydrostatic and surcharge loadings, if any, 
should be added. Over-compaction behind walls should be avoided. Resisting passive earth 
pressure from soils subject to frost or heave, or otherwise above prescribed minimum depths of 
embedment, should usually be neglected in design. 

6.5 CONCRETE SLAB-ON-GRADE CONSTRUCTION 

Concrete slabs-on-grade should be constructed over at least 4 inches of compacted gravel 
overlying undisturbed native soil or a zone of structural fill that is at least 12 inches thick. 
Disturbed native soils should be compacted to at least 95% of the MDD as determined by ASTM 
D-1557 (modified proctor) prior to placement of gravel. The gravel should consist of roadbase or 
clean drain rock with a ¾-inch maximum particle size and no more than 12 percent fines passing 
the No. 200 mesh sieve. The gravel layer should be compacted to at least 95 percent of the MDD 
of modified proctor or until tight and relatively unyielding if the material is non-proctorable. The 
maximum load on the floor slab should not exceed 300 psf; greater loads would require 
additional subgrade preparation and additional structural fill. All concrete slabs should be 
designed to minimize cracking as a result of shrinkage. Consideration should be given to 
reinforcing the slab with welded wire, re-bar, or fiber mesh.  

6.6 GLOBAL STABILITY OF NATURAL SLOPES 

The global slope stability of the proposed construction was modeled using the SLIDE computer 
application and the Bishop’s Simplified Method of analysis. The slope stability profiles has been 
identified as Section A-A’ on Plate A-3. A geologic cross section of the subsurface soils was 
prepared by a licensed geologist and is included as Plate A-6. Calculations for stability were 
developed by searching for the minimum factor of safety for a circular-type failure. Homogenous 
earth materials and arcuate failure surfaces were assumed. Topographic information for the 
profile was obtained using the provided grading plan for the proposed construction prepared by 
Reeve & Associates (dated August 2019).  
 
Slope stability analysis was performed for both the static and pseudo-static (seismic) conditions. 
The pseudo-static assessment was completed utilizing the peak ground acceleration (PGA) 
associated with a 2 percent chance of exceedance in 50 years. A seismic coefficient based on 
seismic design parameters for the site (IBC, 2018) was utilized in our analysis (see Section 4.3). 
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Strength parameters for the soils located at the subject property were obtained utilizing the 
results of laboratory direct shear testing and literature review completed as part of this 
investigation as discussed in Section 5.4 of this report.  
 
Perched groundwater was encountered in both test pits excavated as part of this investigation at 
depths ranging from 7.5 to 11 feet below the existing site grade. As such, it is the opinion of 
GeoStrata that the moisture observed within the test pits are the result of seasonal perched 
groundwater that is perched on top of the weathered bedrock. Our model has accounted for this 
anticipated perched groundwater by modeling a piezometric surface that is applied to the soils 
above the residual bedrock-bedrock interface. 
 
The results of our slope stability investigation are as follows: 
 

Cross Section A-A’ Factor of Safety  

Profile  Failure Type  Static  Pseudo 
Static 

A-A’ Circular 1.658 1.154 

 
Based on the results of our slope stability analysis described above, Cross Section A-A’ meets 
the industry standard of care recommended factors of safety of 1.5 and 1.0 for static and pseudo-
static conditions, respectively. This result indicates that the proposed building pad is anticipated 
to be relatively stable under both static and pseudo static conditions. 
 

6.7 NEAR SURFACE STABILITY OF NATURAL SLOPES 

Based on our field observations and experience in assessing alpine slopes, GeoStrata has 
completed an infinite slope analysis in order to assess the stability of the near-surface soils when 
saturated to the depth of the bottom of the perched groundwater. Our assessment has been 
completed on the steepest portion of the lot, where grades up 2H:1V have been observed. Our 
analysis has been completed using the methodology outlined by Das (1988), and utilizes the 
following parameters; 
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Cohesion, c 
(psf) 

Saturated Unit 
Weight, γsat 

(pcf) 

Height 
(thickness) of 
slope, H (feet) 

Slope angle, 
β (degrees) 

Internal Angle 
of Friction φ 

(degrees) 

Calculated 
Factor of 

Safety 

140 120 11 26.6 36 1.72 

 
Based on our infinite slope modeling, the site has a factor of safety against near-surface slope 
stability of 1.72 and is therefore considered stable.  

6.8 MOISTURE PROTECTION AND SURFACE DRAINAGE 

Moisture should not be allowed to infiltrate the soils in the vicinity of the foundations. We 
recommend the following mitigation measures be implemented at the building location.  
 

• The ground surface within 10 feet of the entire perimeter of the building should slope a 
minimum of five percent away from the structure. Alternatively, a slope of 5% is 
acceptable if the water is conveyed to a concrete ditch that will convey the water to a 
point of discharge that is at least 10 feet from the structures. 

• Roof runoff devices (rain gutters) should be installed to direct all runoff a minimum of 10 
feet away from the structure and preferably day-lighted to the curb where it can be 
transferred to the storm drain system. Rain gutters discharging roof runoff adjacent to or 
within the near vicinity of the structure may result in excessive differential settlement. 

• We do not recommend storm drain collection sumps be used as part of this development. 
However, if necessary, sumps should not be located adjacent to foundations or within 
roadway pavements 

• We recommend irrigation around foundations be minimized by selective landscaping and 
that irrigation valves be constructed at least 5 feet away from foundations.  

• Jetting (injecting water beneath the surface) to compact backfill against foundation soils 
may result in excessive settlement beneath the building and is not allowed.  

• Backfill against foundations walls may consist of on-site native soils and should be 
placed in lifts and compacted to 90% modified proctor to create a moisture barrier. 

 
Failure to comply with these recommendations could result in excessive total and differential 
settlements causing structural damage. 
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7.0 CLOSURE 

7.1 LIMITATIONS 

The conclusions and recommendations contained in this report, which include professional 
opinions and judgments, are based on are based on the information available to us at the time of 
our evaluation, our limited field exploration, laboratory testing, and understanding of the 
proposed site development. The subsurface data used in the preparation of this report were 
obtained from the explorations made for this investigation. It is possible that variations in the soil 
and groundwater conditions could exist between and beyond the points explored. The nature and 
extent of variations may not be evident until construction occurs. If any conditions are 
encountered at this site that are different from those described in this report, GeoStrata should be 
immediately notified so that we may make any necessary revisions to recommendations 
contained in this report. In addition, if the scope of the proposed construction changes from that 
described in this report, GeoStrata should be notified. 
 
This report was prepared in accordance with the generally accepted standard of practice at the 
time the report was written. No warranty, expressed or implied, is made. 
 
All services were performed for the exclusive use and benefit of the above addressee. No other 
person or entity is entitled to rely on GeoStrata’s services or use the information contained in this 
letter without the express written consent of GeoStrata. The above addressee is not entitled to 
transfer their rights to use this report to any other person or entity without the express written 
consent of GeoStrata. We are not responsible for the technical interpretations by others of the 
information described or documented in this report. It is the Client's responsibility to see that all 
parties to the project including the Designer, Contractor, Subcontractors, etc. are made aware of 
this report in its entirety. The use of information contained in this report for bidding purposes 
should be done at the Contractor's option and risk. 

7.2 ADDITIONAL SERVICES 

The recommendations made in this report are based on the assumption that an adequate program 
of tests and observations will be made during construction. GeoStrata staff should be on site to 
verify compliance with these recommendations. These tests and observations should include, but 
not necessarily be limited to, the following: 
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• Observations and testing during site preparation, earthwork and structural fill placement. 
• Observation of foundation soils to assess their suitability for footing placement. 
• Observation of soft/loose soils over-excavation. 
• Observation of temporary excavations and shoring. 
• Consultation as may be required during construction. 
• Quality control and observation of concrete placement. 

 
We also recommend that project plans and specifications be reviewed by GeoStrata to verify 
compatibility with our conclusions and recommendations. Additional information concerning the 
scope and cost of these services can be obtained from our office. 
 
We appreciate the opportunity to be of service on this project. Should you have any questions 
regarding the report or wish to discuss additional services, please do not hesitate to contact us at 
your convenience at (801) 501-0583. 
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Quartzite of the Mutual Formation Bedrock (Zm) - completely
weathers to a Silty Clayey GRAVEL with sand - moist, very dense,
yellow-brown, subangular cobbles up to 11 inches in diameter

- large fractured bedrock block in a matrix of clay

Argillite of the Mutual Formation (Zm) - completely weather to a
Silty SAND - moist, very dense, light strong brown with white
mottling
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FILL; clay, silt and gravel

TOPSOIL; clay, silt, gravel, moist, dark brown, numerous fine roots

Quartzite of the Mutual Formation (Zm) - completely weathers to a
Silty Clayey GRAVEL - moist, very dense, strong brown

Quartzite of the Mutual Formation (Zm) - completely weathers to a
Silty Clayey SAND - moist, very dense, strong brown, some gravel

Argillite of the Mutual Formation (Zm) - completely weathers to a
Silty SAND - moist, very dense, strong brown, water observed to
be running along this contact

- sandy, strong brown to orange brown with black mottling
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Soil Symbols Description Key
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Rock Classification Should Include:

1. Rock name (or classification)
2. Color
3. Weathering
4. Fracturing
5. Competency
6. Additional comments indicating

rock characteristics which might 
affect engineering properties

Weathering

Weathering Field Test

Fresh No visible sign of decomposition or discoloration.  Rings under hammer 
impact.

Slightly Weathered Slight discoloration inwards from open fractures, otherwise similar to
Fresh.

Moderately 
Weathered

Discoloration throughout.  Weaker minerals such as feldspar are 
decomposed.  Strength somewhat less than fresh rock but cores cannot be 
broken by hand or scraped with a knife.  Texture preserved.

Highly Weathered Most minerals somewhat decomposed.  Specimens can be broken by hand 
with effort or shaved with a knife.  Core stones present in rock mass.  
Texture becoming indistinct but fabric preserved.

Completely 
Weathered

Minerals decomposed to soil but fabric and structure preserved.  Specimens 
easily crumble or penetrated.

Fracturing

Spacing Description

>6 ft Very Widely

2-6 ft Widely

8-24 in Moderately

2 ½-8 in Closely

¾-2 ½ in Very Closely

Competency

Class Strength Field Test

Approximate 
Range of 

Unconfined 
Compressive 
Strength (tsf)

I Extremely 
Strong

Many blows with geologic hammer required to break 
intact specimen. >2000

II Very Strong Hand-held specimen breaks with pick end of 
hammer under more than one blow. 2000-1000

III
Strong

Cannot by scraped or peeled with knife, hand-held 
specimen can be broken with single moderate blow 
with pick end of hammer

1000-500

IV Moderately 
Strong

Can just be scraped or peeled with knife.  
Indentations 1-3 mm show in specimen with 
moderate blow with pick end of hammer.

500-250

V
Weak

Material crumbles under moderate blow with pick 
end of hammer and can be peeled with a knife, but is 
hard to hand-trim for triaxial test specimen.

250-10

VI Friable Material crumbles in hand. N/A

RQD

RQD (%) Rock Quality

90-100 Excellent

75-90 Good

50-75 Fair

25-50 Poor

0-25 Very Poor

Splitting 
Property Thickness Stratification

Massive >4.0 ft Very thick bedded

Blocky 2.0-4.0 ft Thick-bedded

Slabby 2 ½-24 in Thin-bedded

Flaggy ½-2 ½ in Very thin-bedded

Shaly or platy ⅛ – ½ in Laminated

Papery < ⅛ in Thinly laminated

Bedding of Sedimentary Rocks

Copyright GeoStrata, 2020
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Lab Summary Report

Plate 
C - 1

Lot 3R Powder Mountain 
6599 North Powder Mountain Road
Eden, Utah
Project Number: 1174-006

Test Pit 
No.

Sample Depth 
(feet)

USCS Soil 
Classification

Natural 
Moisture 

Content (%)

Natural Dry 
Density 

(pcf)

Gradation Atterberg Consolidation Test 
Collapse 

(%)

Direct Shear

Gravel 
(%)

Sand 
(%)

Fines 
(%) LL PI Cc Cr OCR Friction 

Angle (°)

Apparent 
Cohesion 

(psf)

TP-1 7 GC-GM 9.9 59.8 19.5 20.7 25 5 36 280

TP-1 12.5 SM 12.5 53.7 46.3 34 5 32 30

TP-2 6 SC-SM 13 124.2 68.1 31.9 24 4 0.300 0.005 2.4 0.03

TP-2 12 SM 19 57.2 42.8 33 7

TP-2 15.5 SM 17 60.0 40.0 31 4 30 445
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Sample Location: TP-1  @ 7 feet

1  (   ) 2  (   ) 3  (   )
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Source:
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Water

Surface
Ru

Quartzite of the Mutual Forma�on (Zm) 120 Mohr-Coulomb 140 36
Water

Surface

Concrete Founda�on Wall 145 Mohr-Coulomb 8000 0 None 0

Argillite of the Mutual Forma�on (Zm) 120 Mohr-Coulomb 200 30 None 0

Fill 120 Mohr-Coulomb 50 36 None 0

Rockery 145 Anisotropic strength 0 45 2000 0 15 None 0
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