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assumes no liability or responsibility over the contents contained within Earthtec Testing &
Engineering, P.C.’s report. Earth Tech, LLC did not review, confirm, or verify any portion of
the attached reports and makes no assurances to the completeness or correctness of their
findings. The findings, conclusions, and recommendations presented in the attached
reports were provided by others and Earth Tech, LLC does not make any warrantee,
guarantee, or representation presented in the reports included in the appendix.

Appendix A includes previously completed reports by other companies provided to Earthtec
Engineering by Mr. Donald Fulton. The reports are included in this appendix as requested
by Weber County. These reports are not used or referenced in Earth Tech, LLC's
Geotechnical Study Job No. 177078, dated December 4, 2017.
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Project No.: 177078

1.0 EXECUTIVE SUMMARY

This entire report presents the results of Earthtec Engineering’s completed geotechnical study
for the Hidden Cove Subdivision in Ogden, Utah. This executive summary provides a general
synopsis of our recommendations and findings. Details of our findings, conclusions, and
recommendations are provided within the body of this report.

e The subject property is approximately 3.38 acres and is proposed to be developed with
three residential lots. The proposed structures will consist of conventionally framed two-
story, houses. We anticipate foundation loads for the proposed structures will not exceed
3,000 pounds per linear foot for bearing wall, 20,000 pounds for column loads, and 100
pounds per square foot for floor slabs. (see Section 3)

e Our field exploration included the boring of two (2) test pits to depths of 12 feet below the
existing ground surface. Groundwater was not encountered within the excavations to the
depths explored. (see Section 5)

e The subsurface soils encountered generally consisted of topsoil overlying near-surface
loose to dense sand and gravel. All topsoil should be removed beneath the entire building
footprints, exterior flatwork, and pavements prior to construction. (see Section 7)

e Conventional strip and spread footings may be used to support the structure, with
foundations placed entirely on a minimum of 24 inches of properly placed, compacted, and
tested structural fill extending to undisturbed native soils. (see Sections 10 and 14)

e Minimum roadway section consists of 3 inches of asphalt over 6 inches of road-base. Areas
that are soft or deflect under construction traffic should be removed and replaced with
granular material or structural fill. (see Section 13)

Based on the results of our field exploration, laboratory testing, and engineering analyses, it is
our opinion that the subject site may be suitable for the proposed development, provided the
recommendations presented in this report are followed and implemented during design and
construction.

Failure to consult with Earthtec Engineering (Earthtec) regarding any changes made during
design and/or construction of the project from those discussed herein relieves Earthtec from any
liability arising from changed conditions at the site. We also strongly recommend that Earthtec
observes the building excavations to verify the adequacy of our recommendations presented
herein, and that Earthtec performs materials testing and special inspections for this project to
provide continuity during construction.
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2.0 INTRODUCTION

The project is located at approximately 6260 South 2125 East in Ogden, Utah. The general
location of the site is shown on Figure No. 1, Vicinity Map and Figure No. 2, Aerial Photograph
Showing Location of Test Pits, at the end of this report. The purposes of this study are to:

e Evaluate the subsurface soil conditions at the site,
» Assess the engineering characteristics of the subsurface soils, and

e Provide geotechnical recommendations for general site grading and the design and
construction of foundations, concrete floor slabs, miscellaneous concrete flatwork, and
asphalt paved residential streets.

The scope of work completed for this study included field reconnaissance, subsurface
exploration, field and laboratory soil testing, geotechnical engineering analysis, and the
preparation of this report.

3.0 PROPOSED CONSTRUCTION

We understand that the proposed project, as described to us by Mr. Donald Fulton of Blue
Mountain Homes, LLC, consists of developing the approximately 3.38-acre existing parcel into 3
residential lots and an associated residential street. The proposed structures will consist of
conventionally framed two-story, houses. We have based our recommendations in this report
on the assumption that or anticipated foundation loads for the proposed structures will not
exceed 3,000 pounds per linear foot for bearing wall, 20,000 pounds for column loads, and 100
pounds per square foot for floor slabs. If structural loads will be greater Earthtec should be
notified so that we may review our recommendations and make modifications, if necessary.

In addition to the construction described above, we anticipate that

o Utilities will be installed to service the proposed buildings,
e Exterior concrete flatwork will be placed in the form of curb, gutter, and sidewalks, and

e An asphalt paved residential street will be constructed.

4.0 GENERAL SITE DESCRIPTION

4.1 Site Description

At the time of our subsurface exploration the site was an undeveloped lot vegetated with grass,
weeds, and scrub oak. The subject site is located on a southeast facing slope with an access
dirt road from Jared Road on the northwest, and several dirt roads on the south. The ground
surface appears to slope more than 15 percent grade, we anticipate up to 6 of cut and fill may
be required for site grading. The site was bounded on the north, east, and west by developed
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residential lots, and on the south by undeveloped land and the State Highway 89.

4.2 Geologic Setting

The subject property is located near the eastern shore of the Great Salt Lake in a valley
between the Great Salt Lake Basin and the Wasatch Mountain Range. The valley and Great
Salt Lake Basin were formed by extensional tectonics during the Tertiary and Quaternary
geologic periods. The valley and Great Salt Lake Basin, and much of western Utah, were
previously covered by Lake Bonneville, a large, Pleistocene age, fresh water lake that reached
a high-stand surface elevation of approximately 5,170 feet above sea level. The Great Salt
Lake is a remnant of Lake Bonneville. The valleys and lake basin to the west of the Wasatch
Range have been partially filled with several thousand feet of lake (lacustrine) sediment during
Lake Bonneville time, and post-Bonneville (Holocene) deltaic, lacustrine, alluvial, and colluvial
deposits. The Wasatch Mountains to the east of the subject property are comprised of the early
Proterozoic Farmington Canyon Complex consisting primarily of schist and gneiss. The subject
site is located just below the Provo Shoreline level of Lake Bonneville Shoreline level of Lake
Bonneville in an area where lacustrine deposits have been dissected by downcutting and
erosion of gullies. The surficial geology at the location of the subject site has been mapped as
“Idp: Deltaic deposits related to regressive phase (uppermost Pleistocene)-Clast-supported
pebble and cobble gravel interbedded with this sand bed, and matrix-supported gravelly sands;
moderate to well sorted, clasts subround to round, with weak carbonate cementation common.
Deposited as foreset beds with original dips of 30-35 degrees, Commonly capped with <5m of
topset alluvium (unit alp), which is less well sorted, silty to sandy, pebble and gravel. Mapped at
the mouth of north Ogden, Ogden, Weber, and Ward canyons, and the canyon of Mill Creek” by
Nelson and Personius (1993)".

A geotechnical/geologic study? was performed at the subject site by Earthtec Testing &
Engineering, P.C. in 2003. The report has recommended a minimum of 30 feet setback from
the toe of slopes where grade measures 20 percent or steeper for structures during the future
development, due to potential mass movement of the slopes. The recommendations in the
above-referenced report should be followed for the new development. A copy of the report is
maintained in our files and can be provided upon request.

5.0 SUBSURFACE EXPLORATION

5.1 Soil Exploration

Under the direction of a qualified member of our geotechnical staff, subsurface explorations

' U.S. Geological Survey Map 1-2199: Surficial Geologic Map of the Weber Segment, Wasatch Fault Zone, Weber
and Davis Counties, Utah, by Nelson, A. R., and Personius, S. F., 1993.

? Geotechnical/Geological Study, Kunzler Subdivision, 6260 South 2125 East, Weber County, Utah, by Earthtec
Testing & Engineering, P.C., ETE Job No. 03E-064, February 4, 2003
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were conducted at the site on November 16, 2017 by the excavation of two (2) test pits to
depths of 12 feet below the existing ground surface using a a rubber-tire backhoe. The
approximate locations of the test pits are shown on Figure No. 2, Aerial Photograph Showing
Location of Test Pits. Graphical representations and detailed descriptions of the soils
encountered are shown on Figure Nos. 3 and 4, Test Pit Log at the end of this report. The
stratification lines shown on the logs represent the approximate boundary between soil units;
the actual transition may be gradual. Due to potential natural variations inherent in soil
deposits, care should be taken in interpolating between and extrapolating beyond exploration
points. A key to the symbols and terms on the logs is presented on Figure No. 5, Legend.

Disturbed bag samples were collected at various depths in each test pit. The soil samples
collected were classified by visual examination in the field following the guidelines of the Unified
Soil Classification System (USCS). The samples were transported to our Ogden, Utah
laboratory where they will be retained for 30 days following the date of this report and then
discarded, unless a written request for additional holding time is received prior to the 30-day
limit.

6.0 LABORATORY TESTING

Representative soil samples collected during our field exploration were tested in the laboratory
to assess pertinent engineering properties and to aid in refining field classifications, if needed.
Tests performed included natural moisture content, dry density tests, liquid and plastic limits
determinations, mechanical (partial) gradation analyses, a one-dimensional consolidation test,
and a direct shear test. The table below summarizes the laboratory test results, which are also
included on the attached Test Pit Logs at the respective sample depths, on Figure Nos. 3 and 4,
Consolidation-Swell Test, and Direct Shear Test, on Figure No. 6.

Table 1: Laboratory Test Results

Natural Atterberg Limits Grain Size Distribution (%)
Test Natural Dry
Pit Depth | Moisture Density | Liquid Plasticity Gravel Silt/Clay Soil
No. (ft.) (%) (pcf) Limit Index (+ #4) Sand (- #200) Type
1 6 3 105 22 NP* 13 66 21 SM
1 8 5 e --- - 11 73 16 SM
2 4 4 —em - - 41 40 19 GM

NP* = Non-Plastic

As part of the consolidation test procedure, water was added to a sample to assess moisture
sensitivity when the sample was loaded to an equivalent pressure of approximately 1,000 psf.
The native sand soils have a slight potential for collapse (settlement) and a slight potential for
compressibility under increased moisture contents and anticipated load conditions.

Professional Engineering Services ~ Geotechnical Engineering ~ Geologic Studies ~ Code Inspections ~ Special Inspection / Testing ~ Non-Destructive Examination - Failure Analysis
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7.0 SUBSURFACE CONDITIONS

7.1 Soil Types

On the surface of the site, we encountered topsoil which is estimated to extend about one foot
in depth at the test pit locations. Below the topsoil we encountered layers of sand and gravel
extending to depths of 12 feet below the existing ground surface. Graphical representations
and detailed descriptions of the soils encountered are shown on Figure Nos. 3 and 4, Test Pit
Log at the end of this report. Based on our experience and observations during field
exploration, the consistency and the sand and gravel soils visually had a relative density varying
from loose to dense. Variation in topsoil depths may occur at the site.

7.2 Groundwater Conditions

Groundwater was not encountered within the excavations to the depths explored. Note that
groundwater levels will fluctuate in response to the season, precipitation, snow melt, irrigation,
and other on and off-site influences. Quantifying these fluctuations would require long term
monitoring, which is beyond the scope of this study. The contractor should be prepared to
dewater excavations as needed.

8.0 SITE GRADING

8.1 General Site Grading

All surface vegetation and unsuitable soils (such as topsoil, organic soils, undocumented fill,
soft, loose, or disturbed native soils, and any other inapt materials) should be removed from
below foundations, floor slabs, exterior concrete flatwork, and pavement areas. We
encountered topsoil on the surface of the site. The topsoil (including soil with roots larger than
about % inch in diameter) should be completely removed, even if found to extend deeper, along
with any other unsuitable soils that may be encountered. Over-excavations below footings and
slabs also may be needed, as discussed in Section 10.0.

Fill placed over large areas, even if only a few feet in depth, can cause consolidation in the
underlying native soils resulting in settlement of the fill. Because there is more than 100 feet of
relief from northwest to the southeast, we anticipate that more than 6 feet of fill may be placed in
some areas of the site during grading. If more than 6 feet of grading fill will be placed above the
existing surface (to raise site grades), Earthtec should be notified so that we may provide
additional recommendations, if required. Such recommendations will likely include placing the
fill several weeks (or possibly more) prior to construction to allow settlement to occur.

8.2 Temporary Excavations

Temporary excavations that are less than 4 feet in depth and above groundwater should have
side slopes no steeper than "2H:1V (Horizontal:Vertical). Temporary excavations where water
is encountered in the upper 4 feet or that extend deeper than 4 feet below site grades should be
A"‘«%E\G\WQ
RLITY
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sloped or braced in accordance with OSHA? requirements for Type C soils.

8.3 Fill Material Composition

The native soils within the upper 12 feet appear to be suitable for use as placed and compacted
structural fill provided the material meets the requirements for structural fill and any existing
debris and particles larger than 6 inches in diameter are removed prior to use. Excavated soils,
including silt, may be stockpiled for use as fill in landscape areas.

Structural fill is defined as fill material that will ultimately be subjected to any kind of structural
loading, such as those imposed by footings, floor slabs, pavements, etc. We recommend that a
professional engineer or geologist verify that the structural fill to be used on this project meets
the requirements, stated below. We recommend that structural fill consist of imported
sandy/gravelly soils meeting the following requirements in the table below:

Table 2: Structural Fill Recommendations

Sieve Size/Other | Percent Passing (by weight)
4 inches 100
3/4 inches 70-100
No. 4 40 - 80
No. 40 15-50
No. 200 0-20
Liquid Limit 35 maximum
Plasticity Index 15 maximum

In some situations, particles larger than 4 inches and/or more than 30 percent coarse gravel
may be acceptable, but would likely make compaction more difficult and/or significantly reduce
the possibility of successful compaction testing. Consequently, stricter quality control measures
than normally used may be required, such as using thinner lifts and increased or full-time
observation of fill placement.

We recommend that utility trenches below any structural load be backfilled using structural fill.
Note that most local governments and utility companies require Type A-1-a or A-1-b (AASHTO
classification) soils (which overall is stricter than our recommendations for structural fill) be used
as backfill above utilities in certain areas. In other areas or situations, utility trenches may be
backfilled with the native soil, but the contractor should be aware that native soils (as observed
in the explorations) may be time consuming to compact due to potential difficulties in controlling
the moisture content needed to obtain optimum compaction. All backfill soil should have a
maximum particle size of 4 inches, a maximum Liquid Limit of 35 and a maximum Plasticity
Index of 15.

If required, we recommend that free draining granular material (clean sand and/or gravel) meet

2 OSHA Health And Safety Standards, Final Rule, CFR 29, part 1926.
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the following requirements in the table below:

Table 3: Free-Draining Fill Recommendations

Sieve Size/Other | Percent Passing (by weight)
3 inches 100
No. 10 0-25
No. 40 0-15
No. 200 0-5
Plasticity Index Non-plastic

Three-inch minus washed rock (sometimes called river rock or drain rock) and pea gravel
materials usually meet these requirements and may be used as free draining fill. If free draining
fill will be placed adjacent to soil containing a significant amount of sand or silt/clay, precautions
should be taken to prevent the migration of fine soil into the free draining fill. Such precautions
should include either placing a filter fabric between the free draining fill and the adjacent soil
material, or using a well-graded, clean filtering material approved by the geotechnical engineer.

8.4 Fill Placement and Compaction

Fill should be placed on level, horizontal surfaces. Where fill will be placed on existing slopes
steeper than 5H:1V, the existing ground should be benched prior to placing fill. We recommend
bench heights of 1 to 4 feet, with the lowest bench being a minimum 3 feet below adjacent
grade and at least 10 feet wide.

The thickness of each lift should be appropriate for the compaction equipment that is used. We
recommend a maximum lift thickness prior to compaction of 4 inches for hand operated
equipment, 6 inches for most “trench compactors” and 8 inches for larger rollers, unless it can
be demonstrated by in-place density tests that the required compaction can be obtained
throughout a thicker lift. The full thickness of each lift of structural fill placed should be
compacted to at least the following percentages of the maximum dry density, as determined by
ASTM D-1557:

* Inlandscape and other areas not below structurally-loaded areas: 90%
e Less than 5 feet of fill below structurally loaded areas: 95%
e Greater than 5 feet of fill below structurally loaded areas: 98%

Generally, placing and compacting fill at moisture contents within +2 percent of the optimum
moisture content, as determined by ASTM D-1557, will facilitate compaction. Typically, the
further the moisture content deviates from optimum the more difficult it will be to achieve the
required compaction.

Fill should be tested frequently during placement and we recommend early testing to
demonstrate that placement and compaction methods are achieving the required compaction.
The contractor is responsible to ensure that fill materials and compaction efforts are consistent
so that tested areas are representative of the entire fill.

x" @
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8.5 Stabilization Recommendations

Near surface layers of silty sand soils may rut and pump during grading and construction. The
likelihood of rutting and/or pumping, and the depth of disturbance, is proportional to the moisture
content in the soil, the load applied to the ground surface, and the frequency of the load.
Consequently, rutting and pumping can be minimized by avoiding concentrated traffic,
minimizing the load applied to the ground surface by using lighter equipment, partially loaded
equipment, tracked equipment, by working in dry times of the year, and/or by providing a
working surface for equipment.

During grading the soil in any obvious soft spots should be removed and replaced with granular
material. If rutting or pumping occurs traffic should be stopped in the area of concern. The soil
in rutted areas should be removed and replaced with granular material. In areas where
pumping occurs the soil should either be allowed to sit until pore pressures dissipate (several
hours to several days) and the soil firms up, or be removed and replaced with granular material.
Typically, we recommend removal to a minimum depth of 24 inches.

For granular material, we recommend using angular well-graded gravel, such as pit run, or
crushed rock with a maximum particle size of four inches. We suggest that the initial lift be
approximately 12 inches thick and be compacted with a static roller-type compactor. A finer
granular material such as sand, gravelly sand, sandy gravel or road base may also be used.
Materials which are more angular and coarse may require thinner lifts in order to achieve
compaction. We recommend that the fines content (percent passing the No. 200 sieve) be less
than 15%, the liquid limit be less than 35, and the plasticity index be less than 15.

Using a geosynthetic fabric, such as Mirafi 600X or equivalent, may also reduce the amount of
material required and avoid mixing of the granular material and the subgrade. If a fabric is
used, following removal of disturbed soils and water, the fabric should be placed over the
bottom and up the sides of the excavation a minimum of 24 inches. The fabric should be placed
in accordance with the manufacturer's recommendations, including proper overlaps. The
granular material should then be placed over the fabric in compacted lifts. Again, we suggest
that the initial lift be approximately 12 inches thick and be compacted with a static roller-type
compactor. ,

9.0 SEISMIC AND GEOLOGIC CONSIDERATIONS

9.1 Seismic Design

The residential structures should be designed in accordance with the 2015 International
Residential Code (IRC). The IRC designates this area as a seismic design class D..

The site is located at approximately 41.149 degrees latitude and -111.926 degrees longitude
from the approximate center of the site. The IRC site value for this property is 0.878g. The
design spectral response acceleration parameters are given below.

Aﬁ’(l L\
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Table 4: Design Acceleration for Short Period

Ss Fa Site Value (Sbs)
2/3 Ss*Fa
1.316g 1.00 0.878g

Ss = Mapped spectral acceleration for short periods
Fa = Site coefficient from Table 1613.3.3(1)
Sos = %Sms= % (Fa-Ss ) = 5% damped design spectral response acceleration for short periods

9.2 Faulting

The subject property is located within the Intermountain Seismic Belt where the potential for
active faulting and related earthquakes is present. Based upon published geologic maps®, no
active faults traverse through or immediately adjacent to the site and the site is not located
within local fault study zones. The nearest mapped fault trace is the Wasatch Fault located
about 1 mile east of the site.

9.3 Liquefaction Potential

According to current liquefaction maps* for Weber County, the site is located within an area
designated as “Low to Moderate” in liquefaction potential. Liquefaction can occur when
saturated subsurface soils below groundwater lose their inter-granular strength due to an
increase in soil pore water pressures during a dynamic event such as an earthquake.

Loose, saturated sands are most susceptible to liquefaction, but some loose, saturated gravels
and relatively sensitive silt to low-plasticity silty clay soils can also liquefy during a seismic
event. Subsurface soils were composed of sand and gravel soils. The soils encountered at this
project do not appear liquefiable, but the liquefaction susceptibility of underlying soils (deeper
than our explorations) is not known and would require deeper explorations to quantify

10.0 FOUNDATIONS
10.1 General

The foundation recommendations presented in this report are based on the soil conditions
encountered during our field exploration, the results of laboratory testing of samples of the
native soils, the site grading recommendations presented in this report, and the foundation
loading conditions presented in Section 3.0, Proposed Construction, of this report. If loading
conditions and assumptions related to foundations are significantly different, Earthtec should be
notified so that we can re-evaluate our design parameters and estimates (higher loads may
cause more settlement), and to provide additional recommendations if necessary.

Conventional strip and spread footings may be used to support the proposed structures after

% U.S. Geological Survey, Quaternary Fault and Fold Database of the United States, November 3, 2010
4 Utah Geological Survey, Liquefaction-Potential Map for a Part of Weber County, Utah, Public Information Series 28,
August 1994
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appropriate removals as outlined in Section 8.1. Foundations should not be installed on topsoil,
undocumented fill, debris, combination soils, organic soils, frozen soil, or in ponded water. If
foundation soils become disturbed during construction, they should be removed or compacted.

10.2 Strip/Spread Footings

We recommend that conventional strip and spread foundations be constructed entirely on a
minimum of 24 inches of properly placed, compacted, and tested structural fill extending to
undisturbed native soils. See Section 14 for further information regarding foundation support
relating to the stability of the slope. For foundation design we recommend the following:

e Footings founded on a minimum 24 inches of structural fill may be designed using a
maximum allowable bearing capacity of 1,500 pounds per square foot. The values for
vertical foundation pressure can be increased by one-third for wind and seismic conditions
per Section 1806.1 when used with the Alternative Basic Load Combinations found in
Section 1605.3.2 of the 2015 International Building Code.

» Continuous and spot footings should be uniformly loaded and should have a minimum width
of 20 and 30 inches, respectively.

e Exterior footings should be placed below frost depth which is determined by local building
codes. In general, 30 inches of cover is adequate for most sites; however local code should
be verified by the end design professional. Interior footings, not subject to frost (heated
structures), should extend at least 18 inches below the lowest adjacent grade.

e Foundation walls and footings should be properly reinforced to resist all vertical and lateral
loads and differential settlement.

e The bottom of footing excavations should be compacted with at least 4 passes of an
approved non-vibratory roller prior to erection of forms or placement of structural fill to
densify soils that may have been loosened during excavation and to identify soft spots. If
soft areas are encountered, they should be stabilized as recommended in Section 8.5.

e Footing excavations should be observed by the geotechnical engineer prior to beginning
footing construction to evaluate whether suitable bearing soils have been exposed and
whether excavation bottoms are free of loose or disturbed soils.

e Structural fill used below foundations should extend laterally a minimum of 6 inches for
every 12 vertical inches of structural fill placed. For example, if 18 inches of structural fill is
required to bring the excavation to footing grade, the structural fill should extend laterally a
minimum of 9 inches beyond the edge of the footings on both sides.

10.3 Estimated Settlements

If the proposed foundations are properly designed and constructed using the parameters
provided above, we estimate that total settlements should not exceed one inch and differential
settlements should be one-half of the total settlement over a 25-foot length of continuous
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foundation, for non-earthquake conditions. Additional settlement could occur during a seismic
event due to ground shaking, if more than 3 feet of grading fill is placed above the existing
ground surface, if loading conditions are greater than anticipated in Section 3, and/or if
foundation soils are allowed to become wetted.

10.4 Lateral Earth Pressures

Below grade walls act as soil retaining structures and should be designed to resist pressures
induced by the backfill soils. The lateral pressures imposed on a retaining structure are
dependent on the rigidity of the structure and its ability to resist rotation. Most retaining walls
that can rotate or move slightly will develop an active lateral earth pressure condition.
Structures that are not allowed to rotate or move laterally, such as subgrade basement walls,
will develop an at-rest lateral earth pressure condition. Lateral pressures applied to structures
may be computed by multiplying the vertical depth of backfill material by the appropriate
equivalent fluid density. Any surcharge loads in excess of the soil weight applied to the backfill
should be multiplied by the appropriate lateral pressure coefficient and added to the soil
pressure. For static conditions the resultant forces are applied at about one-third the wall height
(measured from bottom of wall). For seismic conditions, the resultant forces are applied at about
two-third times the height of the wall both measured from the bottom of the wall. The lateral
pressures presented in the table below are based on drained, horizontally placed structural fill
(as outlined in this report) as backfill material using a 35° friction angle and a dry unit weight of
108 pcf.

Table 5: Lateral Earth Pressures (Static and Dynamic)

Condii c Lateral Pressure Equivalent Fluid
anahien P Coefficient Pressure (pcf)
. Static 0.27 29

Active —
Seismic 0.47 50
At-Rest SFati(‘T 043 46
Seismic 0.70 76
; Static 3.69 399
Passive ——
Seismic 5.63 608

*Seismic values combine the static and dynamic values

These pressure values do not include any surcharge, and are based on a relatively level ground
surface at the top of the wall and drained conditions behind the wall. It is important that water is
not allowed to build up (hydrostatic pressures) behind retaining structures. Retaining walls
should incorporate drainage behind the walls as appropriate, and surface water should be
directed away from the top and bottom of the walls.

Lateral loads are typically resisted by friction between the underlying soil and footing bottoms.
Resistance to sliding may incorporate the friction acting along the base of foundations, which
may be computed using a coefficient of friction of soils against concrete of 0.55 for native
gravels or structural fill meeting the recommendations presented herein. Concrete or masonry
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walls shall be selected and constructed in accordance to the provision of Section R404 of the
2015 International Residential Code or sections referenced therein. Retaining wall lateral
resistance design should further reference Section R404.4 for reference of Safety Factors.

The pressure and coefficient values presented above are ultimate; therefore, an appropriate
factor of safety may need to be applied to these values for design purposes. The appropriate
factor of safety will depend on the design condition and should be determined by the project
structural engineer.

11.0 FLOOR SLABS AND FLATWORK

Concrete floor slabs and exterior flatwork may be supported on 6 inches of properly placed and
compacted structural fill after appropriate removals and grading as outlined in Section 8.1 are
completed. We recommend placing a minimum 4 inches of free-draining fill material (see
Section 8.3) beneath floor slabs to facilitate construction, act as a capillary break, and aid in
distributing floor loads. For exterior flatwork, we recommend placing a minimum 4 inches of
road-base material. Prior to placing the free-draining fill or road-base materials, the native sub-
grade should be proof-rolled to identify soft spots, which should be stabilized as discussed
above in Section 8.5.

For slab design, we recommend using a modulus of sub-grade reaction of 135 pounds per cubic
inch. The thickness of slabs supported directly on the ground shall not be less than 3% inches.
A 6-mil polyethylene vapor retarder with joints lapped not less than 6 inches shall be placed
between the ground surface and the concrete, as per Section R506 of the 2015 International
Residential Code.

To help control normal shrinkage and stress cracking, we recommend that floor slabs have
adequate reinforcement for the anticipated floor loads with the reinforcement continuous
through interior floor joints, frequent crack control joints, and non-rigid attachment of the slabs to
foundation and bearing walls. Special precautions should be taken during placement and curing
of all concrete slabs and flatwork. Excessive slump (high water-cement ratios) of the concrete
and/or improper finishing and curing procedures used during hot or cold weather conditions may
lead to excessive shrinkage, cracking, spalling, or curling of slabs. We recommend all concrete
placement and curing operations be performed in accordance with American Concrete Institute
(ACI) codes and practices.

12.0 DRAINAGE

12.1 Surface Drainage

As part of good construction practice, precautions should be taken during and after construction
to reduce the potential for water to collect near foundation walls. Accordingly, we recommend
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the following:

e The contractor should take precautions to prevent significant wetting of the soil at the base
of the excavation. Such precautions may include: grading to prevent runoff from entering the
excavation, excavating during normally dry times of the year, covering the base of the
excavation if significant rain or snow is forecast, backfill at the earliest possible date, frame
floors and/or the roof at the earliest possible date, other precautions that might become
evident during construction.

e Adequate compaction of foundation wall backfill should be provided i.e. a minimum of 90%
of ASTM D-1557. Water consolidation methods should not be used.

e The ground surface should be graded to drain away from the building in all directions. We
recommend a minimum fall of 6 inches in the first 10 feet.

e Roof runoff should be collected in rain gutters with down spouts designed to discharge well
outside of the backfill limits, or at least 10 feet from foundations, whichever is greater.

o Sprinkler nozzles should be aimed away, and all sprinkler components kept at least 5 feet,
from foundation walls. A drip irrigation system may be utilized in landscaping areas within
10 feet of foundation walls. Also, sprinklers should not be placed at the top or on the face of
slopes. Sprinkler systems should be designed with proper drainage and well maintained.
Over-watering should be avoided.

e Any additional precautions which may become evident during construction.

12.2 Subsurface Drainage

Groundwater was not encountered during our field exploration; thus, it is our opinion that
perimeter foundation drains are not needed for this project. However, if foundation drains are
constructed for the proposed homes, the recommendations presented below should be followed
during design and construction of the foundation drains.

Section R405.1 of the 2015 International Residential Code states, “Drains shall be provided
around all concrete and masonry foundations that retain earth and enclose habitable or usable
spaces located below grade.” Section R310.2.3.2 of the 2015 International Residential Code
states, “Window wells shall be designed for proper drainage by connecting to the building's
foundation drainage system.” An exception is allowed when the foundation is installed on well
drained ground consisting of Group 1 soils, which include those defined by the Unified Soil
Classification System as GW, GP, SW, SP, GM, and SM. The soils observed in the
explorations at the depth of foundation consisted primarily of Silty Sand (SM) which is not a
Group 1 soil. The recommendations presented below should be followed during design and
construction of the foundation drains:

o A perforated 4-inch minimum diameter pipe should be enveloped in at least 12 inches of
free-draining gravel and placed adjacent to the perimeter footings. The perforations should
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be oriented such that they are not located on the bottom side of the pipe, as much as
possible. The free-draining gravel should consist of primarily %- to 2-inch size gravel having
less than 5 percent passing the No. 4 sieve, and should be wrapped with a separation fabric
such as Mirafi 140N or equivalent.

» The highest point of the perforated pipe bottom should be equal to the bottom elevation of
the footings. The pipe should be uniformly graded to drain to an appropriate outlet (storm
drain, land drain, other gravity outlet, etc.) or to one or more sumps where water can be
removed by pumping.

e A perforated 4-inch minimum diameter pipe should be installed in all window wells and
connected to the foundation drain.

e To facilitate drainage beneath basement floor slabs we recommend that the minimum
thickness of free-draining fill beneath the slabs be increased to at least 10 inches
(approximately equal to the bottom of footing elevations). A separation fabric such as Mirafi
140N or equivalent should be placed beneath the free-draining gravel. Connections should
be made to allow any water beneath the slabs to reach the perimeter foundation drain.

» The drain system should be periodically inspected and clean-outs should be installed for the
foundation drain to allow occasional cleaning/purging, as needed. Proper drain operation
depends on proper construction and maintenance.

13.0 PAVEMENT RECOMMENDATIONS

We understand that an asphalt paved residential street will be constructed as part of the
development. The native soils encountered beneath the fill and topsoil during our field
exploration were predominantly composed of sands. We estimate that a California Bearing
Ratio (CBR) value of 5 is appropriate for these soils. If the fill material and topsoil is left beneath
concrete flatwork and pavement areas, increased maintenance costs over time should be
anticipated.

We anticipate that the traffic volume will be about 200 vehicles a day or less for the residential
streets, consisting of mostly cars and pickup trucks, with a daily delivery truck and a weekly
garbage truck. Based on these traffic parameters, the estimated CBR given above, and the
procedures and typical design inputs outlined in the UDOT Pavement Design Manual (1998),
we recommend the minimum asphalt pavement section presented below.

Table 6: Pavement Section Recommendations

Asphalt Compacted Compacted
Thickness Roadbase Subbase
(in) Thickness (in) Thickness (in)
3 6" 0

* Stabilization may be required
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If the pavement will be required to support construction traffic, more than an occasional semi-
tractor or fire truck, or more traffic than listed above, our office should be notified so that we can
re-evaluate the pavement section recommendations.

14.0 SLOPE STABILITY

We evaluated the overall stability by evaluating slope two cross-section for the proposed slope
at the subject property. The properties of the native soils at the site were estimated using
laboratory testing on samples recovered during our field investigations and our experience with
similar soils. The Bureau of Reclamation$, estimates silty sand soils have an internal friction
angle between 33 and 35 degrees. Our direct shear testing on the native silty sand (SM) the
soils encountered during our field investigation indicated the soils have an internal friction angle
of about 35 degrees and cohesion of about 175 psf (See Figure No. 7, Direct Shear Test).
Completed direct shear test result from a previous study indicated that native silt soils have
internal friction angle of about 26 degrees and cohesion of about 186 psf. For the soil
parameters used in the slope stability analysis see the table below.

Table 7: Soil Parameters

Internal Friction Apparent Moist Unit | Saturated Unit
Material Angle (degrees) | Cohesion (psf) | Weight (pcf) | Weight (pcf)
Silty Sand (SM) 35 175 120 130
Silt (ML) 26 185 102 120
Silty Gravel (GM) 35 150 125 130

For the seismic (pseudostatic) analysis, a peak horizontal ground acceleration of 0.586g for the
2% probability of exceedance in 50 years was obtained for site (grid) locations of 41.149
degrees north latitude and -111.926 degrees west longitude. Typically, one-third to one-half this
value is utilized in analysis. Accordingly, a value of 0.195 was used as the pseudostatic
coefficient for the stability analysis.

We evaluated the stability of the site with the proposed grading elevations using the computer
program XSTABLE. This program uses a limit equilibrium (Bishop’s modified) method for
calculating factors of safety against sliding on an assumed failure surface and evaluates
numerous potential failure surfaces, with the most critical failure surface identified as the one
yielding the lowest factor of safety of those evaluated. The configuration analyzed was based
on our observations during the field investigation and the provided site plan. The site plan was
provided by the client, Mr. Donald Fulton. See Figure No. 8, Slope Cross-Section, for location of
slopes analyzed.

5US Bureau of Reclamation, 1987, “Design Standards No. 13, Embankment Dams, Denver Colorado”
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The configuration of the proposed slope was analyzed at Cross-Section A-A’ and starts near the
south side of the cul-de-sac and goes uphill to the northwest through Lot 1-R. The configuration
of the proposed slope was analyzed at Cross-Section B-B' and starts near the east side of the
cul-de-sac and goes uphill through Lot 3-R nearly parallel to the Lot 2-R property line. A water
table was conservatively placed at approximately 15 feet below the ground surface with signs of
the past groundwater at approximately this depth. Typically, the required minimum factors of
safety are 1.5 for static conditions and 1.0 for seismic (pseudostatic) conditions. The results of
our analyses indicate that the slope configuration described for Cross-Section A-A’ meets both
these requirements. Cross-Section B-B’ does not meets both these requirements and will
require further modifications to the slope, other than those detailed on Figure No. 8, to satisfy
minimum factors of safety. The slope stability data is attached as Figure Nos. 9 through 12,
Stability Results. Any modifications to the slope, including the construction of residence and
retaining walls, should be properly designed and engineered.

It should be clearly understood that slope movements or even failure can occur if the slope is
undermined, overloaded, or the slope soils become saturated. The silt layer encountered at the
site is a likely slip plane which may cause for slope movements or even failure. An engineered
solution that reinforces the slope may provide the required factors of safety for the residential
construction.  Further investigation including a deeper boring may be required to determine
slope stability based on the residence locations, the depth of the silt slip plane, and if the final
grade placed has provided a stable slope. The property owner and the owner’s representatives
should be made aware of the risks should these or other conditions occur that could saturate or
erode/undermine the soils, all recommendation for place fill under the roadway should be keyed
into the native soils and placed as recommended in Section 8 of this report. Surface water
should be directed away from the top and bottom of the slope, the slope should be vegetated
with drought resistant plants, and sprinklers should not be placed on the face of the slope.
Watering of landscape areas should be limited to reduce the amount of water introduced into
the slope. Overwatering should be avoided. Any broken or leaking pipes should be fixed
immediately.

15.0 GENERAL CONDITIONS

The exploratory data presented in this report was collected to provide geotechnical design
recommendations for this project. The explorations may not be indicative of subsurface
conditions outside the study area or between points explored and thus have a limited value in
depicting subsurface conditions for contractor bidding. Variations from the conditions portrayed
in the explorations may occur and which may be sufficient to require modifications in the design.
If during construction, conditions are different than presented in this report, Earthtec should be
advised immediately so that the appropriate modifications can be made.

The findings and recommendations presented in this geotechnical report were prepared in
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accordance with generally accepted geotechnical engineering principles and practice in this
area of Utah at this time. No warranty or representation is intended in our proposals, contracts,
letters, or reports.

This geotechnical report is based on relatively limited subsurface explorations and laboratory
testing. Subsurface conditions may differ in some locations of the site from those described
herein, which may require additional analyses and possibly modified recommendations. Thus
we strongly recommend consulting with Earthtec regarding any changes made during design
and construction of the project from those discussed herein. Failure to consult with Earthtec
regarding any such changes relieves Earthtec from any liability arising from changed conditions
at the site.

To maintain continuity, Earthtec should also perform materials testing and special inspections
for this project. The recommendations presented herein are based on the assumption that an
adequate program of tests and observations will be followed during construction to verify
compliance with our recommendations. We also assume that we will review the project plans
and specifications to verify that our conclusions and recommendations are incorporated and
remain appropriate (based on the actual design). Earthtec should be retained to review the final
design plans and specifications so comments can be made regarding interpretation and
implementation of our geotechnical recommendations in the design and specifications. Earthtec
also should be retained to provide observation and testing services during grading, excavation,
foundation construction, and other earth-related construction phases of the project.

We appreciate the opportunity of providing our services on this project. If we can answer
questions or be of further service, please contact Earthtec at your convenience.

Respectfully;
EARTHTEC ENGINEERING

Tk Fob o 4\
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Frank Namdar, P.G., E.I.T. Timothy A. Mitchell, P.E.
Project Engineer Senior Geotechnical Engineer
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LOG OF TESTPIT 177078.GPJ EARTHTEC.GDT 12/4/17

TEST PIT LOG

NO.: TP-1
PROJECT: Hidden Cove Subdivision PROJECT NO.: 177078
CLIENT: Blue Mountain Homes, LLC DATE: 11/16/17
LOCATION: See Figure 2 ELEVATION: Not Determined
OPERATOR: C.E. Butters Construction LOGGED BY: F.Namdar

EQUIPMENT: Rubber-tire Backhoe

DEPTH TO WATER; INITIAL ¥V : AT COMPLETION ¥ :

) @ 2 TEST RESULTS
< s
tzglt).t)h 8__3 O Description g Véfg;etz.r DEE)!;{%. LL | py [Gravel|Sand|Fines| Other
LR TOPSOIL, silty sand, slightly moist, brown, organics
Uary
| Silty SAND, Toose to medium dense (estimated), slightly |
moist, light brown
3 105 | 22 |INP| 13 66 | 21 c
5 11 73 | 16 DS
"~ MAXIMUM DEPTH EXPLORED APPROXIMATELY 12 FEET
A8
<A
15
Notes: No groundwater encountered. Tests Key
CBR = California Bearing Ratio
C = Consolidation
R =Resistivity
DS = Direct Shear
SS = Soluble Sulfates
B = Burnoff
PROJECT NO.: 177078 fl‘..‘\@%’ FIGURE NO.: 3
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LOG OF TESTPIT 177078.GPJ EARTHTEC.GDT 12/4/17

TEST PIT LOG
NO.: TP-2

PROJECT: Hidden Cove Subdivision PROJECT NO.: 177078
CLIENT: Blue Mountain Homes, LLC DATE: 11/16/17
LOCATION: See Figure 2 ELEVATION: Not Determined
OPERATOR: C.E. Butters Construction LOGGED BY: F.Namdar
EQUIPMENT: Rubber-tire Backhoe

DEPTH TO WATER; INITIAL ¥ : AT COMPLETION ¥ :

TEST RESULTS
Water [ Dry

Gravel|Sand|Fines| Other
C(»g)/?)t D(SQS | H (%) | (%) | (%) | Tests

Description

Log
Uscs
Samples

TOPSOIL, silty sand, slightly moist, brown, organics

Silty SAND, loose to medium dense (estimated), slightly
moist, reddish brown

Silty GRAVEL with sand, dense (estimated), slightly moist,
light brown, some gravel and cobbles
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MAXIMUM DEPTH EXPLORED APPROXIMATELY 12 FEET

15

Notes: No groundwater encountered. Tests Key

CBR = California Bearing Ratio
C  =Consolidation

R =Resistivity

DS = Direct Shear

SS = Soluble Sulfates

B = Burnoff
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LEGEND 177078.GPJ EARTHTEC.GDT 12/4/17

LEGEND

PROJECT: Hidden Cove Subdivision DATE: 11/16/17
CLIENT: Blue Mountain Homes, LLC LOGGED BY: F.Namdar
UNIFIED SOIL CLASSIFICATION SYSTEM
USCS
MAJOR SOIL DIVISIONS SYMBOL TYPICAL SOIL DESCRIPTIONS
el
GRAVELS &%ﬁéﬁs o3| GW | Well Graded Gravel, May Contain Sand, Very Little Fines
(Less than 5% p. "7
(fMore than 50% fines) DO | GP | Poorly Graded Gravel, May Contain Sand, Very Little Fines
fraction >a o
COARSE |9 foane by
GRAINED I’Btalngfll OH)NO- 4 \\?II%I?\IC“}[EI\IJJES o N q GM | Silty Gravel, May Contain Sand
SOILS Ieve (More than 12%
fines) GC | Clayey Gravel, May Contain Sand
(More than 50% N ] . ; ;
retaining on No. SANDS C&b;;;l\tlhiﬁﬂgl‘gs ] SW | Well Graded Sand, May Contain Gravel, Very Little Fines
200 Sieve) fines) ) ) )
(50% or more of SP | Poorly Graded Sand, May Contain Gravel, Very Little Fines
coarse fraction SANDS , )
passes No. 4 WITH FINES . SM | Silty Sand, May Contain Gravel
Sieve) (M(}re than 12%
fines) SC | Clayey Sand, May Contain Gravel
CL | Lean Clay, Inorganic, May Contain Gravel and/or Sand
SILTS AND CLAYS
FINE ML | Silt, Inorganic, May Contain Gravel and/or Sand
GRAINED (Liquid Limit less than 50) e
SOILS — — OL Organic Silt or Clay, May Contain Gravel and/or Sand
,
(More than 50% /// CH | Fat Clay, Tnorganic, May Contain Gravel and/or Sand
st 15,200 SILTS AND CLAYS 7
ieve) (Liquid Limit Greater than 50) 1l MH | Elastic Silt, Inorganic, May Contain Gravel and/or Sand
% OH | Organic Clay or Silt, May Contain Gravel and/or Sand
N
HIGHLY ORGANIC SOILS , a1, { PT | Peat, Primarily Organic Matter
SAMPLER DESCRIPTIONS WATER SYMBOLS
SPLIT SPOON SAMPLER 7 Water level encountered during
(1 3/8 inch inside diameter) — field exploration
MODIFIED CALIFORNIA SAMPLER
(2 inch outside diameter) y Water level encountered at

SHELBY TUBE
(3 inch outside diameter)

BLOCK SAMPLE

BAG/BULK SAMPLE

™= <. |

NOTES:

completion of field exploration

. The logs are subject to the limitations, conclusions, and recommendations in this report.

. Results of tests conducted on samples recovered are reported on the logs and any applicable graphs.

1
2
3. Strata lines on the logs represent approximate boundaries only. Actual transitions may be gradual.
4

. In general, USCS symbols shown on the logs are based on visual methods only: actual designations

(based on laboratory tests) may vary.
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CONSOLIDATION - SWELL TEST
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Pressure (ksf)
Project: Hidden Cove Subdivision
Location: TP-1
Sample Depth, ft: 6
Description: Bag
Soil Type: Silty SAND (SM)
Natural Moisture, %: 3
Dry Density, pcf: 105
Liquid Limit: 22
Plasticity Index: NP
Water Added at: 1 ksf
Percent Collapse: 0.1
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DIRECT SHEAR TEST

4.0
35 . 2 I
1 | Apparent Cohesion = 175 psf
Internal Friction Angle, 6 = 35° |
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NORMAL STRESS (ksf)
35
Source:  TP-1 | Depth: 8.0 ft
Type of Test: Consolidated Drained/Saturated
w0 [Test No. (Symbol) 1(®) [ 2m) [ 3 (a)
’ Sample Type Remolded
Initial Height, in. 1 1 1
Diameter, in. 2.4 2.4 2.4
25 1 Dry Density Before, pef 105.2 105.7 104.9
Dry Density After, pef 104.5 106.4 105.5
‘E Moisture % Before 4.5 4.5 4.5
o 2.0 Moisture % After 21.1 21.1 21.1
é Normal Load, ksf 1.0 2.0 4.0
E Shear Stress, ksf 0.83 1.63 2.94
15 Strain Rate .00005085 IN/SEC
g Sample Properties
w Cohesion, psf 175
% | Friction Angle, ¢ 35
’ Liquid Limit, % -
Plasticity Index, % -
Percent Gravel 11
0.5 1 Percent Sand 73
Percent Passing No. 200 sieve 16
il ’ Classification SM
0 0.1 0.2 0.3 0.4
HORIZONTAL DISPLACEMENT (inches) PROJECT: Hidden Cove Subdivision
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STABILITY RESULTS
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APPENDIX A

Earth Tech, LLC d.b.a. Earthtec Engineering (Earth Tech, LLC) is a separate
business entity, and has no relation to Earthtec Testing & Engineering, P.C.. Earth
Tech, LLC assumes no liability or responsibility over the contents contained within
Earthtec Testing & Engineering, P.C.’s report. Earth Tech, LLC did not review,
confirm, or verify any portion of the attached reports and makes no assurances to
the completeness or correctness of their findings. The findings, conclusions, and
recommendations presented in the attached reports were provided by others and
Earth Tech, LLC does not make any warrantee, guarantee, or representation
presented in the reports included in the appendix.

Appendix A includes previously completed reports by other companies provided
to Earthtec Engineering by Mr. Donald Fulton. The reports are included in this
appendix as requested by Weber County. These reports are not used or referenced
in Earth Tech, LLC’s Geotechnical Study Job No. 177078, dated December 4, 2017.



740 -»? Earthtec Testing & Engineering, P.C.

(‘-.
g % & 133 North 1330 West 1596 West 2650 South #10¢
@r Orem, Utah 84057 Ogden, Utah 84401
E}, il r‘% Phone (801) 225-5711 Phone (801) 399-9516
Fax (801) 225-3363 Fax (801) 399-9842
A1S~ 036

GEOTECHNICAL/GEOLOGICAL STUDY
: KUNZLER SUBDIVISION
' 6260 SOUTH 2125 EAST
'WEBER COUNTY, UTAH

PREPARED FOR: Mike

SEAN KUNZLER
¢/o SUN PLAY POOLS & SPAS
5690 S HARRISON BLVD.
OGDEN UT 84403

ETE JOB NO.; 03E-064 FEBRUARY 4, 2003

; Earthtec i

Pmlesslonal Enginaering Sarvicas Gaotechnlcal Engmesrlng Driillnd Séwk:les Construcﬁon Maier&ala Inspectlon'Teaﬂng - Non-| Daaiructlva Examination s FailuraAnalya
CRO +ACI= AWS



TABLE OF CONTENTS
ETE JOB NUMBER: 03E-064

1.0 INTRODUCTION

............................................................ 1
20 CONCLUSIONS . .uuuitetttnttine e s e s e e ettea e e e e e 1
3.0 PROPOSED CONSTRUCTION ......... P iy Ebalte 'S i P .2
40 SITRCONDITIONS: ¢vsss5miss ivkss 6850 445500 nmmamessesas ors anm mmmo s sn s 2
50  FIELD INVESTIGATION ........ AR R A s B e 5 A :
6.0 LABORATORY TESTING ..... b R R R AR T £ S SR e cenie3
7.0 SUBSUBFAGE-ECQNDIEHQNS Bl 3, N g stsraes i e vl
80  ENGINEERING GEOLOGY .. ...uevutivnesnarnnnesnensivnnennesissrnsesenssid
8.1  Site Reconnaissance ........... v N b W RS O 5 o v vl
8.2  Aerial Photographs .......... P T ——— —— ve wuclh
83  GeolopieSSNT v uiwvs 1a 45 65500 viass w0aies Loisiil Kb ss sn L v v ¥ e
ad  LARBBEOIICVIMEHISTORY: v« 5 cowun swmns s s wn s o 5k B9955 vy e vbwis vl
85  Seismotectonic Sething .............. AN R 5 hath e ..
8.6  Hydrology and HYArogeology « v scitvsaneieennnnnnnssensnnsnnnnnnnnnon. -
9.0 GEOLOGICHAZARDS ..cxvsvssonsvsvasevssoss 10

9.1  Earthquake Groundshalggg ggd Seismic Deslgg CHAteE o e v ERPRPIRRRELINL.
92  Surface Fault Rupture ..u........ ‘. G e ks ol
L = : : & B

923

9.4 ‘:'Tectnmc Subsndence B el ERleshn v s e

95  Sei orm N ———

9.6 Landslide and Slope Failures ...

9.7 '_,Debns BUOWE & 22 5 v i ws svis maivioios

9.8 AOCKIAN ., ... R I R I T ST ORI St

99 S w-Avalanche.-..-...-.-.,.@...-*_....;.-.,_..-. R P ERE v TS IVEEH P (1D
9,10 Radon ..... 15
9.11 "Volcamc Ertmtxon ces -

9.12
9.13

10.0 SITEGRADING s onsusoninvioiss 4§ oF b S S WENEER SR B el v U ok e o 1T
10.1 General Site Grading . ... vovvvevensusins Y T i pagine L
10.2 StructuralFllland Co mpaction ..... R S S N T — SO .
T3 BHAGRIE 5 5 505 mogasinn mosids 510 Lowdh BEAE05 NEETS b w65 64 mikn sriine i
10.4 E;_cavatmn b w s T R L R . |

Earthtec

Professional E'ngl'neeﬁng Services + Geotechnical Engmeenng . Drlllirig Séwic%s Conslmcuon Materials Inspecilon/Testing ¢ Non-Destructive Examination = Failure Analys
" IGBO = ACl» AWS




TABLE OF CONTENTS - CONTINUED

1390 FOUNDATIONS s onamisvnmsenssmnsfnsi i i 58 s iV is tisyissdssauauv s Saasansivne 18
111  Footihe Defign covssscmromoipmssss 55555838885 64 S EEES RSNV BEE A 18
11,2 Egtimated Settlement ..ccwvvovceusssssovsyssgnsssssavvnannnnsmmwssessiuy 19
12.0 BELOW GRADE WALLS .......co0ccuuans SRR AN SRR PSR TSR § 5 19
130 FLOORSLABS ..... i R AR ¥ s SR R O hindg PV 20
14.0 SURFACE DRAINAGE ....cocovveucees VR ARG PR TR T SRR PRV DL
15-0 GENERALCONDITIONS ‘e A’ s ww -- ----------- 8 R 8B AN 88 40 8 b 00 B U8B BB s o8 a8 e w ;_2_
16.0 REFERENCES............ e R B e e s e v v e e e
FIGURE 1: LOCATION MAP
FIGURE 2 : GEOLOGIC MAP
FIGURE 3 : AERIAL PHOTOGRAPH
FIGURE 4 : SITE PLAN SHOWING LOCATION OF TEST PITS
FIGURES 5-6: TEST PIT LOGS _ - _
FIGURE 7 : KEY TO SYMBOLS USED ON TEST PIT LOGS
— Earthtec

Professional Engineering Services * Geatechnical Eﬁginsénﬂg « Diilling Services « Construction Materials Inspection/Tasting = Non-Destructive Examination « Failure Analy
‘ ICBO « ACI » AWS




-W W - _- -_ -

S st i i

Geotechnical/Geological Study Page 1
Kunzler Subdivision

‘Weber County, Utah

February 4, 2003

1.0 INTRODUCTION

We understand that a one lot residential subdivision is planned for a parcel of land located at approximately
6260 South 2125 East in Weber County, Utah as shown onathe:Yicin.ityngp,'Fi;gur_e 1. Thesiteis pnmanly
located in "Lh_e SW Y% SW % of Section 23, Tﬂwnshlp 5 North, Range 1 West, at an elevation of

approximately 4,720 feet above mean sea level (MSL)

This study was made to assist in evaluating geologic hazards, the subsurface conditions and engineering
characteristics of the foundation soils, and in developing our opinions and recommendations. concerning
appropriate foundation types and floor slabs, This report presents: the results of a reconnaissance-level
engineering geology and geologic hazards review and evaluation performed by Western GeoLogic, LLC
(Westem GeoLogic) and a geotechnical study performed by Earthtec Testing and Engineering, PC (Barthtec)

which includes a site reconnaissance conducted by an experienced certified engineering geologistto assess

the site, review of available geologic maps and reports, field exploration, laboratory testing, an evahiation

of available data, and our opinions and recommendations. Data from the studies is summarized on Figures

2 through 7. The engineering geology section of this report has been prepared in general accordance with
the Guidelines for Preparing Engineering Geologic re:_po_rts=.-in Utah (Utah Section of the Association of

Engineering Geologists, 1986).

2.0 CONCLUSIONS

i Based on the two test pits excavated for this study, th9-$itg=i=s covered with 6 to 12 inches of
topsoil. Native soils below the topsoil generally consist of medium dense silty sand to silty
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Geotechnical/Geological Study Page 2
Kunzler Subdivision

‘Weber County, Utah

February 4, 2003

sand with gravel (SM) which extends beyond the maximum depth investigated (11 ff). No
groundwater was encountered within the test pits.

2. The site is considered suitable for the proposed use given the geologic conditions
‘characterized in this report. There are no geologic hazards or engineering geology
‘constraints that would ‘impose unacceptable risks to the construction ofaresidence atthe site,
if the recommendations provided in this report are followed.

3. Due to the collapsible nature. of the native soils at the site, spread footings should be found
on at least 24 inches of structural fill. A maximum allowable bearing capacity of 2000 psf
should be used for footmg designs.

4, Cut and fill slopes should be graded no steeper than 2 to 1 (horizontal to vertical). The
proposed structure should be placed at least 30 feet from the existing slopes where the grade
measures 20 percent or steeper.

3.0 PROPOSED CONSTRUCTION
We understand that the planned construction will consist of a single family residence on a single lot

subdmsmn The proposed structure willbe 102 stories in height with a basement, For design purposes,

it was assumed that structural loads would be on the orderof3to5 Kkif for wall loads If structural loads are

different than those assumed, we should be notified and allowed to reevaluate our recommendations.

40  SITE CONDITIONS

The subject lot is undeveloped land on the south facing slope above the Weber River. The proposed house
pad is located in an amphitheater shaped area cﬂi_zﬁgg;.d with scattered stands of scrub oak and low grasses
and weeds. The sides of the am;’ghimeattar -slqpeswer_p;meaSuj:éd to be 24 to 28 percent, The site is bound

by US 89 to the south and residential property on all other sides. The existing homes in the area generally

Earthtec
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Geotechnical/Geological Study
Kunzler Subdivision

Weber County, Utah
February 4, 2003

Page 3

appear to be performing satisfactorily from a foundation viewpoint, based solely on limited exterior visual

inspection,

50 FIELD INVESTIGATION
The field investigation consisted of excavating two test pits to depths of about 11 feet at the approximate
locations shown on Figure 4. The soils encountered were continuously logged by the undersigned engineer

and geologist. Disturbed and undisturbed samples were obtained and returned to our laboratory for testing,

6.0 LABORATORY TESTING
The samples obtained during the field investigation were sealed and returned to our laboratory where each

ong was inspected to verify field classification and to select representative samples for laboratory testing.

Laboratory testing consisted Ofmmsme&ﬂddensﬂydetemﬂﬂaﬂonssa sieve analyses, and a collapse test.

The results of these tests are shown on Figure 6, attached.

7.0 SUBSURFACE CONDITIONS

Based on the two test pits excavated for this study, the site is covered with 6 to 12 inches of topsoil. Native
soils below the topsoil generally consist of mEdmm dense silty sand to silty sand with gravel (SM) which
extends beyond the maximum 'd'ﬁpﬂ_l_iiﬁYCSﬁggtﬁdf(-ll ft). No groundwater was encountered 'vgitkfx_insthe:.test
pits. Graphical representations ofthe soil conditions encountered in test pits are shown on the Test Pit Logs,

Figures 5 and 6. A key to the symbols used on the test pit logs are shown on Figure 7.

Prolesslonal Englneering Seivices + Geotechnioal Engineering = Dﬁlllri;c_jét_é_jrﬂgék .
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Weber County, Utah

February 4, 2003

8.0 ENGINEERING GEOLOGY

8.1 Site Reconnaissance

On January 31,2002, Mr. Craig V Nelson of Western GeoLogic conducted site reconnaissance of the project

property and surrounding area. Weather at the time of the visit was clear with temperatures in the high 50s. -

There was no Snow cover on the ground.

The site is accessed by a 2125 East Street and consists of undeveloped land covered with scattered stands
of serub oak and low grasses and weeds. The building pad lies within a south-facing amphitheater-shaped
parcel. The slopes surroundmg the property to the east, north, and west were measured at between 25 and

28 percent.

No evidence of slope instability was observed along the cut and fill slopes (up+to five feet in height) along

ﬂ}ev@gi;jsfﬁng"p;n;paveﬂﬁaccess~Idi'i7.vteway._ A recent appearing landslide head scarp was observed on the slope

1o the southwest of the site (Figure 3).

82  Aerial Photographs
Aerial photographs were reviewed to obtain information about the geomorphology of the project and
surrounding property. Older landslide head scarps combine to form the scallop-shaped slope crest around

thq_;proj ect (Figure 3). The most recent scarp appears tobe to the southwest of the site. No evidence of other

. Earthtec
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Geotechnical/Geological Study Page 5
Kunzler Subdivision

‘Weber County, Utah

February 4, 2003

active slope instability was observed on the site. No fault scarps, debris flow levees, or evidence of other
geologic hazards on the site was observed in the photos.

83  Geologic Setting

The site is located within the Wasatch Front Valley System, a deep sediment-filled, structural basin flanked
byWo uplifted range blocks; the Wasatch Range to the east, and the Lakeside Mountains to the west. The
project is located just below the Proyo Shoreline level of Lake Bonneville in an area where lacustrine
deposits have been 'dissectéd by downcutting and erosion of gullies.- Nelson and Personius (1993) mapped

thie surficial geology at the project site as (Figure 2):

Ipd — Deltaic deposits related to regresswephase (uppermost Pleistocene) — Clast-supported pebble and
cé.b’ble:.gmvei interbedded with thin sand beds, and matrix-supported gravelly sands; moderate to well
sorted; clasts subroundto round, withweak carbonate cementation common. Depositedas foresetbeds with
original dips of 307 -357. Commonly capped with <5:m of e-thga;zt alluvium (unit alp), which is less well
sorted, silty to sandy, pebble and cobble gravel. Mapped at the mouths of North Ogden, Ogden, H(é.b.eif,.-,arid

Ward canyons, and the canyon of Mill Creek.

Landslide :.deppsits'have_ not been mapped at the site although the crest‘o'f..t'he»-slqpa has been mapped as a
scarp. The amphitheater shape of the parcel appears o have been created by past headward erosion of a

large gulley into the lacustrine delta. Construction of U.S. 89 placed a massive buttress of road fill across

R T RS o o e
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Kunzler Subdivision

Weber County, Utah
February 4, 2003

Page 6

the former gulley drainage. Given the field and air photo evidence it appears that no active landslide
deposits are located in the area of the building footprint. Future reactivation of movement along the
surrounding slopes s likely to be shallow rotational slumps and translational sliding with the primary hazard

to upslope properties from headward erosion of the head scarps.

Given the relatively small size of the subject site and the simple surficial geology, the 1:50,000-scale
geologic map (enlarged to 1:24,000-scale in Figure 2) shows sufficient detail to adequately portray the

geology of the project site.

ThczNel.?;on._and~Pe_‘1:'30ni51'_1.’s‘\(1-;993);ii;:;_l_p.;inﬂdijcj;ateg_sgthatﬁﬂ;g-=n§arest"bcdx_ock_outcrqp__ lies about 1% miles east
of the site, along the upthrown block of the Wasatch Fault. Given the steep dip and total offset of the
Wasatch Fault, bedrock on the downthrown side of the fault in the area of the project would be expected to
be quite deep. No bedrock was observed or has been mapped cropping out within the site area.
Consequently no bedrock related structural features such as fractures, foliation, schistosity, or folds have

been mapped.

84  Lake Bonneville History
Deposits from Lake Bonneville represent the majority of the surficial deposits in the vicinity of the site.
Given the local importance of Lake Bonneville sediments a brief discussion of Lake Bcnne_v_il_le.-_histo:‘jy

follows.

Earthtec
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During late-Quaternary time, nearly 100 basins in the western United States contained lakes. The largest
of these basins, the Bonneville Basin located in northwestern Utah, was created by extensional tectonism
about 15 million years ago (Gwynn, 1980; Miller, 1990). Lake Bonneville consisted of numerous

‘topographically closed basins, including the Salt Lake and Cache Vallqyé (Oviatt et al., 1992).

Approximately 30,000 years ago, Lake Bonneville began a slow transgression before reaching its highest
level of 5,160t 5,200 feet above mean sea level. The lake culminated atthis elevation around 16,000 years
before present, creating the geomorphic féa'mre ll_:Ommonly 1;eferred to as the Bonneville Shoreline. The
water level in Lake Bonneville catastrophically fell roughly 360 feet approximately 14,500 years ago asa
result of overtopping a natural dam at Red Rocks Pass in southeastern Idaho; thereby forming ‘a-fl.oWe'r
sh_c;_ir_eline_nr_e_:ferrcd to-as the Provo Shoreline, The Qpsf deposits of the Weber Delta were deposited during

this time. Between 13,000 and 14,000 years ago the lake fell again due to climatic factors, and finally by

about 11,000 years ago Lake Bonneville was at ’d}e.cm_-j:ggt_glgyatiou-nf?fha._Great;i-Saltf Lake (Oviatt et al.,

E E A A A EEEEEEE

1990 and 1992),

8.5  Seismotectonic Setting
The project site is located a'l'ong__fih:z eastern margin of the B asin and Range -ph?siographi‘cprovinee (Stokes,
1977). The Basin and Range is characterized by a series of generally north-trending elongate mountain

ranges separated by predominately alluvial and lacustrine sedimentiﬁllcd"vaﬂqys. The mountain ranges of

the Basin and Range are typically bounded on one, or less frequently, both sides by major normal faults

; —n . Earthtec . .
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(Stewart, 1973). The boundary between the Basin and Range and Middle Rocky Mountains provinces is
the prominent, west-facing escarpment along the Wasatch fault zone at the base of the Wasatch Range. The
late Cenozoic normal faulting, which is characteristic of the Basin and Range, was initiated between
approximately 17 and 10 million years (m.y.) ago in the Nevada (Stewart, 1980) and Utah (Anderson, 1989)
portions of the province as a result of a roughly east-west directed, regional extensional stress regime. This

stress regime has continued to the present (Zoback and Zoback, 1989; Zoback, 1989).

The subject site is also situated in the central portion of the Intermountain seismic belt _(ISB). ‘The ISB is
a florth-south trending zone of historical seismicity along the eastern margin of the Basin and Range
province which extends for approximately 1,500km from northern Arizona to northwestern Montana (Sbar

et al., 1972; Smith and Shar, 1974). At least 16 earthquakes of magnitude 6.0 or greater have occurred

w1thm the ISB since 1850, with ‘the largest of these events the MS 7.5 ;1-9'5_9.-Z.H¢bggn. Lake, Montana

earthquake. However, none of these events have occurred along the Wasatch fault or other. known late

Quaternary faults (Atabasz etal., 1992; Smith and Arabasz, 1991). The closest of these events was the 1934

‘Hansel Valley (MS 6.6) event north of the Great Salt Lake near the town of Snowville.

i

Major normal faults in the region include the Wasatch fault, West Valley fault zone (principally comprised
of the Taylorsville and Granger faults), and East Great Salt Lake fault zone (Hecker, 1993). The Wasatch
fault zone is comprised of multiple (six to t‘en}‘-‘seg‘ments and is one of the most widely studied faults in the

world.
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The site is located along the Weber Segment, which is in the central, most active portion of the fault zone.
Prévious studies (e.g., Black et al., 1995; Lund et al,, 1991; Machette et al., 1992, 1991; McCalpin et al.,
1994; Personius, 1992; Schwartz and Coppersmith, 1984; Swan etal., 1980) have documented evidence for

multiple surface rupture events on cach of the segments in the central portion of the fault zone during the

latest Pleistocene and Holocene, These surface ruptures are interpreted to be associated with

paleo-earthquakes of surface wave magnitude (MS) 6.5 to 7.5: Inthe past 5,600 years, the estimated average
recurrence intervals for these events are on the order of 350 years for the central five segments of the fault
zone and 1,275 t0 2,800 years for individual segments. The most x;__c’:@t-donu'rnehtc‘ed surface rgptu're;ﬂ\zzents
on these five segments have occurred :bel:weensapp:ox&mat@ly 620 +/-30 and 2,120 +/- 100 c;lendar years
before present (Machette et al., 1992; McCalpin and Nishenko, 1996).. Evidence for Holocene displacement

on the East Great Salt Lake fault is based on interpretation of seismic reflection profiles and stratigraphic

data for the lake basin (e.g., Mikulich and h, 1974; Pechmann et al,, 1987; Viveiros, 1986).

8.6

‘No streams, springs, ponds, or marshes were observed on the site. The U.S.G.S. topo graphic map of the
Ogden Quadrangle (Figure 1)--i'pdic‘ates--.:thafffhe.;nc.ar,aét perennial stream is the Weber River located about

%m_ﬂes to the south of the site.

The subsurface hydrology in the area is dominated by the East Shore aquifer system. This aquifer system

is comprised of a shallow, unconfined water table zone, and the deeper, often confined, Sunset and Delta
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aquifers. The depth to the shallow unconfined aquifer. varies somewhat depending on topography and
climatic and seasonal fluctuations. Itis influenced by seepage from irrigation systems, and infiltration from
precipitation and urban runoff. The Sunset aquifer (typical depth 250-400 feet) and Delta aquifer (typical
depth 500-700 feet) provide water that generally meets the standards for public drinking water supply (Clark

-and others, 1990). Based on topography the regional groundwater flow is expected to be to the south.

Elevation of the shallow aquifer varies somewhat based on seasonal and climatic fluctuations. No

groundwater was observed in any of the test pit excavations,

We understand that the subdivision will connect to the sanitary sewer and no septic systems are planned. We

also understand that others are performing hydrology and runoff analysis.
Assessment of potential geologic hazards and the resulting risks imposed is critical in determining the

suitability of the site for the ;proposedzl'and.,use. A discussion and analysis of geologic hazards follows.

9.1

Groundshaking refers to the ground surface acceleration caused by seismic waves generated during an
earthquake. Strong ground motion is only likely to present a significant risk during moderate to large

earthquakes located within a 60 mile radius of the project area (Boore et al., 1993). A number of seismic

. Earthtec
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sources have been identified within this distance, including active faults such as: East and West Cache
Faults; East Bear Lake Fault; the Collinston, Brigham City, Weber, and Salt Lake segments of the Wasatch
Fault; East Great Salt Lake Fault; Antelope Island Fault; Morgan Fault; and North Oquirrh Fault; as well

as a random or "floating" earthquake source.

The severity of groundshaking at the site will vary with the magnitude of the earthquake, the distance from
the earthquake epicenter, and the ground response of -'-‘Lhe.;s'QiJ-‘el.mpiopBfIY-:iiﬁ.S‘i'gﬂé‘dﬁﬁmﬁJre'sLca‘r_ifa-.ilrdliﬁng
earthquakes delivering strong ground motions. The risk from this hazard can be adequately mitigated by
design and construction of the proposed residential structure to appropriate building codes. The proposed
Residential structure should be designed in accordance with the IRC building code. According to the IRC

maps, this site is =c-1'a'ss'ifﬁg:di=‘as-zSite=j.Class;E';'is-howex‘i.e:__-?.jig.;aq:ggf@gqgéi-wijt’h section R301.2.2.1.2 the site may

be reclassified as site class D, since the area is a site class D according to the IBC.

Surface fault rupture is the hazard related to differential movement of the ground surface along a fault during
large earthquakes. Faults generating earthquakes with measured Richter magnitudes of less than 6%
typically do not express rupture at the ground surface. Large earthquakes (Richter magnitudes 7 to 7%) have
been associated with over 6 feet of vertical surface rupture along normal faults. The ground rupture may

be expressed either as one large dis'fpla__c'emtj:nt.Ug-.i_sgverai'.fsmallei‘~:-rupt11rcs comprising a fault zone. Ground
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displacement from surface fault rupture can cause significant damage or even collapse to structures located

across the rupture zone.

Based on the field reconnaissance a_nd-review.oijp_ublisl:ed;ifgferénces there is no evidence that known active
faults pass through the subj gct site. Given the evidence from paleoseismic studies, ground displacement
associated with surface fault rupture will likely be restricted to areas adjacent to the active faults mapped -

by Nelson and Personius (1993) about a'mile to the east of the site.
Based on this information and our curr_qgtfunc_lér,éta;ndingithat-'surfa;:;;e fault rupture and deformation'tend to

fault rupture. Given this information the nskposedbysurfacefaultrupnue to the subj actf.;prqpcr'ty,ig:mtgd

as low.

¥

Liquefaction is defined as the condition when saturated, loose, cohesionless, soils lose their support

capabilities during a seismic event because of the devélopment of excessive pore pressure within the soil.
saturated, sandy soilsto "1iq_u‘efy" due -t.o-_inbt_eas__gd;poza;;iﬁressure'b.ehvecn soil grains. Earthquakes of Richter
magnitude 5 are generally regarded as the lower threshold for liquefaction. Liquefaction can cause bearing

capacity failures of structural footings and foundations and damage roadway embankinents by triggering
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lateral spread landslides. Lateral spread-type failures can occur on nearly flat slopes and indeed lateral

spread deposits from prehistoric lateral spread landslides have been mapped along the Wasatch Front to the

north and south of the project site.

According to the Utah Geologic Survey’s liquefaction map for Weber County, this site is in an area
classified as having a low to irno.deratﬁ;:polténtij@l_,_'le_‘z;.iiCIucfgicgion (UGS, undated). Due to-the type of
subsurface investigation conducted for this report, we are unable to perform-a liquefaction analysis for this
-site;,\.- Itis possible that there are sand lenses at this site Whlchare susceptible to .ligﬁcfaction and significant
settlement in excess of one inch should be expected during a strong seismic event. To adequately evaluate
the liquefaction potential at the site, a boring at least 30 feet deep would need to be drilled. Earthtec would

be happy to provide this service upon reguest.

94  Tectonic Subsidence

Large-scale tectonic subsidence may accompany earthquakes along large normal falts (Lund, 1990).

Tectonic subsidence is believed to mainly impactthose areas immediately adjacent to the downthrown fault
block (west of the fault). Given the distance of the property from the fault, the risk to the subject property

from tectonic subsidence is rated as low.
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9.5 Seismic Seiche and Storm Surge

Earthquake-induced seiche presents a risk to structures within the wave-oscillation zone along the edges of
large bodies of water, such as the Great Salt Lake. Given the elevation of the subject property and distance

ﬁo;ib.ilar__g@_.hqd_ies_ of water, the risk to the subject property from seismic seiche is rated as very low.

9.6  Landslide and Slope Failures

Slope stability hazards such as landslides, stumps, and other mass movements can develop along moderate
to steep slopes where the slope has been disturbed, the head of the slope loaded, or where an increase in
Evidence of recent slope instability was observed on the slope to the southwest of the site (Figure 3). The
surrounding slopes to the east, north, and west were likely formed by past movement along shallow,

rotg.tionafl’ slumps and shallow translational slides that are likely the primary mechanism. for slope retreat

along the Weber River, Given the stability characteristics of unconsolidated lacustrine deposits combined

with the moderate to fairly steep slopes there is a potential risk of continued slope retreat and related

Jandslide movement. However, given that the majority of future movement will develop along the slope

crests, the landslide hazard should not present a significant risk to the proposed residence if constructed on

the relatively flat area at the base of the amphitheater w‘ith-;gan adequate set-back from the toe of the slope.
We recommend that the proposed structure be placed at least 30 feet from the existing slope where the grade

measures 20 percent or steeper.
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9.7  Debris Flows

Debris flow hazards are typically associated with surficial units mapped as alluvial fan deposits at the

mouths of large range front drainages. No alluvial fan deposits and no debris flow deposits have been

magp‘cd at the site. No evidence of debris flow deposition was observed during the site reconnaissance.
~ Given the distance of the site from the range front, the absence of debris flow deposition features and large

drainage channels, the hazard -ﬁdm'-.Siﬁfbﬁ_s'j'ﬂﬁdw;i'é,;iiii;fth&;:}lf oject area is rated as low.

9.8 Rockfall
No large rocks were observed in the deposits comprising the slope south of the project and no evidence of
fallen rock accumulations was observed on the site. Given this information and the distance of the site from

the range front, the rockfall hazard for the project area is rated as low.

9.9 :.er&qw.:Aygigndhe

Given the relatively low elevation (about 4,720 feet above MSL) and distance from the range front, the.

hazard from avalanche at the site is rated as low.

9.10 Radon
Radon comes from the natural (radioactive) breakdown of uranium in soil, rock, and water and can seep into
homes through cracks in floor slabs or other openings. The site is located within a "Moderate" radon-hazard

potential area (Black, 1996). A moderate hazard rating indicates that indoor radon concentrations would
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be expected to be in the range of 2 to 4 picocuries per liter of air (pCU/L). Actual indoor radon levels can
be affected by non-geologic factors such as building construction, maintenance, and weather. Indoor testing
following construction is the best method to characterize the radon hazard and determine if mitigation

measures are required.

9.11 Volcanic Eruption
No active volcanoes, vents, or fissures have been mapped in the region. Nor have igneous rocks been
mapped at the site or in the vicinity. Given the location of the development there is likely no volcanic hazard

at the site and the risk to the project is low.

Surficial soils that'cpmai.ii‘%q@ﬂain.@hﬁfﬁc.teris’fi'csi=9@:SW€?l1f=-bzi¢i§1J?’P§er-w1'xen.subjactcd to alternating cycles
of wetting and drying. A collapse ;ftﬂgtﬁp'@ﬁﬂmed"Fﬁhsaﬁﬂiurixﬁigh;rhe_d.S,f;mpl_@sbht%im?cli in one of our test pits,
indicated a moderately high collapse potential. The recommendation presented in Section 11 of this report

should followed to prevent excessive differential settlement.

9.13 Conclusions

The siteis consi'djt;;r;cd- suitable forthe ngo_ggduge,_given the 'geolo'g_ic conditions q};x_ar__atJtEﬂzeﬂ in this report.

the construction of a residence at the site, if the recommendations provided in this report are followed.
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10.0 SITE GRADING

10.1  General Site Grading

Topsoil, man-made fill, and soils loosened by construction activities should be removed (stripped) from the
bui;ding;pad and concrete flatwork areas prior to foundation excavation and placement of site grading fills.
Following stripping and any additional excavation required to achieve design grades, the subgrade should
be proofrolled toa ﬁrm,_nonfyieldin'g-suﬁé¢g. ‘Soft areas detected during the jprooferol_ling.-op_ézaﬁ_on should

be removed and replaced with structural fill.

Al fill placed below the building ana.conc;éte'}ﬂatwoik:should be structural fill. All other fills should be
considered as backfill. Structural fill should consist of native sands at the site or imported material.
Importcdmatenai should consist of well-graded sandy gravels with a maximum particle size.of 3 inches and
Sto 15 percent fines (materials passmg the No., 200 sxeve) The liquid limit of the fines should not exceed
35 and the plasticity index should be below 15. All fill soils should be free from topsoils, highly organic
material, frozen soil,_s‘,-,;a.nd-jother=de=Ietcfious-._maTefiaJs. Structural fill should be placed in_mgximumizs_g-mch
thick loose lifts at a moisture content within 2 percent of optimum and compacted to at least 95 percent of

maximum density (ASTM D 1557) under the building and 90 percent under concrete flatwork.
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10,3 Backfill
The native soils may be used as backfill in utility trenches and against outside foundation walls. Backfill
should be placed in Jift heights suitable to the compaction equipment used and compacted to at least 90

percent of the maximum dry density(ASTM D 1557).

10.4 Excavations

Temporary construction excavations at the site that are 316‘_53 than five feet deep should have slopes no steeper
than % to 1-(horizontal to vertical). Excayations which are advanced deeper than five feet below site grades
‘or where water is encountered should be sloped or braced in accordance with OSHA Health and Safety

Standards, final rule, CFR 29, part 1926 for a type C soil.

110 FOUNDATIONS
To prevent excessive differentil settlernent due to the collapse potential at the site, we recommend that
footings be founded on at least 24 inches of structural fill. The recommendations P—
be utilized during design and construction of this proj Lo
1 Spread footings founded on at least 24 inches of structural fill should be designed for a
‘maximum allowable soil bearing capacity of 2000 psf. A one-third increase is allowed iy
short term transient loads such as wind and seismic events. Footings should be uniformly

loaded.

2. Contimuous footings should have a minimum width of 18 inches.
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3. Exterior footings should be placed below frost depth which is determined by local building
codes. Generally 30 inches is adequate in this area. Interior footings, not subject to frost,
should extend at least 18 inches below the lowest adjacent grade.

4, Foundation walls on continuous footings should be well reinforced both top and bottom. We
suggest a minimum amount of steel equivalent to that required for a simply supported span
of 12 feet.

5 The bottom of footing excavations should be cleaned of all loose and disturbed soils and
should be tested with non-vibratory compaction equipment to identify soft areas, If soft areas
are encountered +they should be removed and replaced as recommended in Section 10. 1

11.2  Estimated Seftlement
Iffootmgs are designed and constructed in accordance with the recommendations presented above, the risk

of total settlement exceeding 1 inch and differential settlement exceeding 0.5 inch for a 25-foot span will

be low. AddiﬁOnﬂ}scgtl_gm;ent;s'hd.pl'{‘;lfzbe@g}g:ggtgdgﬂi;i:‘in‘g&i'gL_§&Qngj_;sc;isgﬁc event.

Buried structures should be designed to resist the lateral loads imposed by the soils retained. The lateral

earth pressures on the buried structures and the distribution of those pressures depends upon the type of

structure, -.hydrostati,g;;pre:'ssuras,;ir;,l:é;i_nl-;sjoil_;'sj,f-;hgqlgﬁll;@pd tolerable movements. Retaining and basement

walls are usually designed with triangular stress distributions known as equivalent fluid pressure based on

lateral earth pressure coefficients. Buried structurés may be designed using the following ultimate values:
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Condition

Lateral Pressure Coefficient

Equivalent Fluid Weight (PCF)

At Rest

0.50

65

Active

0.27

35

Passive

480

We recommend that the lateral earth pressures for walls which allow little or no wall movement be based

on “atrest” conditions. Walls allowed to rotate 0.4 percent of the wall height may be designed with “active”

pfessu:es. These values assume level backfill extending horizontally for a distance at least as far as the wall

height and that water will not accumulate behind walls. Backfill should be placed in accordance with the

requirements discussed in Section 10.3. Lateral pressures approximately 30 percent higher:will occur during

backfill placement and bracing may be called for until the ‘backfilling operation -is:pom;:ileted.

and by passive pressure developed by backfill against the wall. For footings on structural fill we recommend

Lateral building loads will be ‘IﬁS.,iSte,db}iﬁi@ﬁ@;}i&liﬁﬁ@ﬁ@?ﬂ"b'ﬁfWQﬁllih@fﬁQﬁggSﬁndﬂﬁhﬂ. foundation soils

a friction coefficient of 0,35 be used. The lateral earth coefficients presented above are ultimate values:

therefore, an appropriate factor of safety should be applied to the values presented above.

13.0 FLOOR SLABS

A minimum 4-inch thick layer of free-draining gravel should be placed immediately below the floor slab

to help distribute floor loads, break the rise of capillary water, and aid in the concrete curing process. For

slab design, we recommend a modulus of subgrade reaction of 250 psi/in be used. To help control normal
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shrinkage and stress cracking, the floor slabs should have adequate reinforcement for the anticipated floor

loads with the reinforcement continuous through interior floor joints and contain frequent crack control

joints.

Special precautions should be taken during placement and curing of all concrete slabs and flatwork.

‘Excessive stump (high water-cementratios) of the concrete and/or improper finishing and curing procedures

used during hot or cold weather conditions may lead to excessive shrin cage, cracking, spalling, or curling

of slabs. We recommend all concrete placement and curing operations be performed in accordance with

American Concrete Institute (ACI) codes and practices.

140 SURFACE DRAINAGE

Wetting of the foundation soils will likely cause some degree of volume change within the soil and should

‘be prevented both during and after construction. ‘We recommend that the following precautions be taken

at this site:

1 The ground surface should be graded to drain away from the structure in all directions. We
recommend a minimum fall of 8 inches i in the first 10 feet.

2 Roof runoff should be collected in roof drains with down spouts designed to discharge well
outSde of the bac, 11 limits,

3. Sprinkler heads should be aimed away and kept at least 12 inches from foundation walls.

4, Other precautions which may become evident during design and construction should be
taken. ,
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L
G
. 15.0 GENERAL CONDITIONS

! The exploratory data presented in this report were collected to provide geotechnical design recommendations
! for this project. Test pits were widely spaced and may not be indicative of subsurface conditions between
| the points explored or outside the study area and thus have limited value in depicting subsurface conditions
" for;_gonfractor,b_idding-. Ifit is necessary to define subsurface conditions in sufficient detail to allow accurate

E bidding we recommend an additional study be conducted which is designed for that purpose.

Variations from the conditions portrayed in the test pits often occur which are sometimes. sufficient to
require modifications in the design. If during construction, --abndiﬁ.c.)ns are found to be different than those
presented inthis rspoﬂ,-pl_easc;adv_iss_:us $0 that mé_-appgﬁpﬁgtgf;nodiﬂc-aﬁons canbemade. Anexperienced
geotechnical engineer or technician should 'observg-;ﬁlllylfagﬁmé;n}iaﬁ,d ‘cquuct:testinjg___as;-reqliired to confirm:

the use of proper structural fill materials and placement procedures.

The geotechnical study as presented in this report was conducted within the limits prescribed by our client,

‘with the usual thoroughness and competence of the engineering profession in the area. No other warranty

of representation, either expressed or implied, is intended in our proposals, contracts or reports.
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We appreciate the opportunity of providing our services on this project. If we can answer questions or be

of further service, please call.

Respectfully;
EARTHTEC ENGINEERIN G

Mark I, Christensen, PE.
Project Geotechnical Engineer

WESTERN GEOLOGIC, LLC

- CRAIGV

'NELSON |&)
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TEST PIT LOG

PIT NO.: TP-1

) /
PROJECT: Kunzler Subdivision PROJECT NO.: 03E-064
CLIENT: Sean Kunzler DATE: 1/31/03
LOCATION: See Figure 4 ELEVATION: NM
OPERATOR: Kastle Rock Excavation LOGGED BY: Mark C. & Craig N.
EQUIPMENT: Backhoe
2 m g TEST RESULTS
sl 53| B T T oy [ o s | o
T . Al nof | % ; ol Il Tests
Tt son | opsoll Slly et ~tlgEymais,
212
.
Nl 4 'r'bcrg Limits
DS --Dm:ct Shoar
‘80 = Soluhlhty
UC = Unconf. Compress. Strength
PROJECT NO, 03E-064 jR_THTEe;ENGINEERJN@ P.C. FIGURE NO.: 5




TEST PIT LOG

PIT NO.: TP-2
PROJECT: Kunzler Subdivision PROJECT NO.: 03E-064
CLIENT: Sean Kunzler DATE: 1/31/03
LOCATION: See Figure 4 ELEVATION: NM
OPERATOR: Kastle Rock Excavation LOGGED BY: Mark C. & Craig N.
EQUIPMENT: Backhoe
3 " g TEST RESULTS
Depth | & | © Description ‘8| Dry | Water Grayel | Sand | Fi oth
(Ft.) :g:‘ D 5 D:;u;. c‘;n.. PL |LL | MXe 25 F;‘S Tgﬁf;
Topsoil; Silty Sand - slightly moist, i b . - b L .
N\dark brown - _ S { : ;
Silty Sand with gravel - medmm dcnsc.
slightly moist, brown to light brown
; Collapse=
M 952 | 57 | a5 | ag | e SO

.........

15

.........

DS = Direct Shcar
SO = Solub:l:ty
-UC = Unconf. Compress, Strength

PROJECT NO. 03E-064 EArTHTEC ENGINEERING, P.C.

FIGURE NO.: 6




KEY TO SYMBOLS

Symbol Description

Strata s ols
i Topsoil
e

Silty sand

Soil Samplers

Fq Block Sample

Notes:
1. Exploratory test pits were excavated on 1-31-03 with a backhoe.
2. Free water was not encountered at the time of excavation.

3. These logs are subject to the limitations, conclusions, and
recommendations in this report.

4. Results of tests conducted on samples recovered are reported
on the logs.

FIGURE NO.: 7
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3‘ Earthtec Testing & Engineering, P.C. _
0 133 North 1330 West |

s 1596 W, 2650 S, #7108
ey @i 4y, Orem, Utah - 84057 Ogden, Utah - 84407
7}; L) Phone (801) 2255711 Phone (801) 399-9516
¥ Fax (801) 225-3363 Fax (801) 399.9842
November 3, 2006
Donald Fulton

Subject: Slope Stability
Hidden Oaks Bluff Estates
Formerly Known as the Kunzler Subdivision
Weber County, UT
ETE Job No. 06-1216

Dear Mr. Fulton;

At your requested we have prepared this letter o present the results of a slope stability analysis
conducted for the above referenced property. Based on conversations with you, we understand
that it is desired to located a single family residence on the east facing slope of the bowl at the
subject site. A previous study performed at the site by Earthtec and Western Geologic (dated
February 4, 2003) indicated a risk of slope failure at the site. The letter presents our slope
stability analysis of the east facing slope of the bowl at the above referenced site:

As part of our study, a test holes was drilled at the site to a depth of 75 feet. The approximate
location of the test hole is indicated on Figure 1. Subsurface conditions encountered within our
test hole generally consisted of about 6 feet of fill overlying medium dense poorly graded gravel
with sand (GP) to a depth of 23 feet. Below these gravel soils we encountered medium dense
silty sand (SM) to a depth of 56 feet, underlain by very stiff to hard silty with sand (ML) to a
depth of 66 feet which overlies a very dense poorly graded sand with silt (SP- SM) which extends
beyond the maximum depths explored (75 feet). Groundwater was encountered within our test
hole at 18 feet below existing grades at the time of this investigation. Graphlca] representations
of the soil conditions encountered in test hole are shown on the Test Hole Log, Figure 2, A
legend of the symbols used on the test hole log is shown on Figure 3.

Laboratory testing consmted of moisture content and density determinations, grain size
distribution analyses, and a direct shear test. The results of these tests are shown on Figures 2
through 4, attached.

The profile used in our analysis was based on a site plan prepared by Reeve & Associates. The
soil strength was based on the above referenced direct shear test. The slope stability was
analyzed using the XSTABLE computer program and the Modified Bishop’s method of slices.
Slopes with safety factors of 1.5 or greater for the static condition is typically considered stable.

Earthtec
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Slope Stability Page 2
Hidden Oaks Bluff Estates

Weber County, UT

November 3, 2006

Our analysis indicates a factor of safety of 1.1 (see Figure 5)and therefore poses a high risk of
slope instability at this site.

If it is desired to proceed with development of this site we recommend measures be taken to
increase the stability of the existing slope in the vicinity of the proposed house. There are several
stabilization methods commonly used, such as driven piles, soil nails, and horizontal drains. If
desired we can prepare 1 recommendations for stabilization; however, we recommend contactmg a
contractor who speaahzes in geotechmcal construction. A contractor who speclahzes in this
area will have more experience in determining the most cost effective measures and can provide
cost estimates for the stabilization measures.

We appreciate the opportumty of providing our services on this project. If we can answer
questions or be of further service, please call.

; : ] 4‘4 tﬂb‘
EARTHTEC ENGINEEW%? 2N
) : A
M 0{ Ly ;%I; ;
¥

No. 188039 . |
Mark I. Christensen, P.ERSR l,’ifff? é;g;,ﬁ
Project Engineer i 4};&;‘ IE Moot

- 2 copies sent

Attachments: Figure 1 - Site Plan Showing Location of Test Hole
Figute 2 - Test Hole Log
Figure 3 - Legend of Symbols Used on Test Hole Log
Figure 4 - Direct Shear Test Results
Figure 5 - Stability Analysis Results
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NO.: TH-1
PROJECT: Hidden Oaks Bluff Estates PROJECT NO.: 06-1216
CLIENT: Donald Fulton DATE: 09/15/06
LOCATION:  See Figure 2 ELEVATION: Not Measured
OPERATOR:  Raycon Drilling LOGGED BY: Mark Christensen
EQUIPMENT: Diedrich D-120
DEPTH TO WATER; INITIAL ¥ : AT COMPLETION ¥ ; 181t
° " 2 TEST RESULTS :
Depthl a@| O Description B Blows | LN | Water G
: [ £| Blows . ravel Sand|Fines| Other
5~ 2 lper foot] o1 "';‘;6“)‘ PLLLL Piosy | (o) | (%) | Tests
Fill; Silty Gravel with sand - moist, brown '
___________________________ 27
Poorly Graded Gravel with sand - medium dense
moist, brown
19
_ 23
'—% wet below 18 feet 73
| Siity Sahd - medium dense, wet, brown |
B
.54
45
- silt and clay lenses below 39 feet 39
iy ")
) D) 0.0 |73.8]26.2
Silt with sand - very stiff to hard wet, brown '
8 25 00 |268(732]| DS
———————————————————————————— 50/5"
Poorly Graded Sand with silt - very dense, wet, brown
gl B0/2" 15 0.0 398\92.
E o S0/
8| Notes: Tests Key
5 CBR = California Bearing Ratio
@ C = Consolidation
§ R = Resistivity
DS = Direct Shear
§ SS = Soluble Sulfates
E UC = Unconfined Compressive Strength
i .
E PROJECT NO.: 06-1216 FIGURE NO.: 2
2




LEGEND: 06-1216.GPJ. EARTHTEC.GDT 1172106

LEGEND

PROJECT: Hidden Oaks Bluff Estates DATE:
CLIENT: Donald Fulton LOGGED BY:
UNIFIED SOIL CLASSIFICATION SYSTEM
USCS
MAJOR SOIL DIVISIONS SYMBOL TYPICAL SOIL DESCRIPTIONS
SR
GRAVELS e o _f; 2| GW | Well Graded Gravel, May Contain Sand, Very Little Fines
ess than 5% Lo, . ] : ;
(More than 50% s fines) ’ @’ | GP |Poorly Graded Gravel, May Contain Sand, Very Little Fines
coarsg | Of coarse fraction )
GRAINED mt_aine’g_l'onNoA ‘-‘?IRTIJ:%EIPIESS 4 GM Silty Gravel, May Contain Sand
SOILS Sisve) (More than 12% N _
o _ “fines) Clayey Gravel, May Contain Sand
{(More than 50% P : ; il o
retaining on No. SANDS C&.@sﬁhﬁg{gs Well Graded Sand, May Contain Gravel, Very Little Fines
200 Sieve fines) L . .
‘ ) (5'-0% or more of finzs) Poorly Graded Sand, May Contain Gravel, Very Littlé Fines
coarse fraction SAND. ; e
passes No, 4 WITH FINSES § ‘Silty Sand, May Contain Gravel
Sieve) (More than 12% (727 ) _ _
2 fines) ¥ Clayey Sand, May Contain Gravel
. — Lean Clay, Inorganic, May Contain Gravel and/or Sand
_ SILTS AND CLAYS S .
FINE _ o ) Silt, Inorganic, May Contain Gravel and/or Sand
GRAINED (Liquid Limit less than 50) ' ‘ -
SOILS Organic Silt or Clay, May Contain Gravel and/or Sand
than 50% o : _—— »
gsi;‘gg ].3*;‘ 5 5 SILTS AND CLAYS Fat Clay, Inorganic, May Contain Gravel and/or Sand
Sieve) (Liquid Limit Greater than 50) Elastic Silt, Inorganic, May Contain Gravel and/or Sand
: _ Organic Clay or Silt, May Contain Gravel and/or Sand
HIGHLY ORGANIC SOILS , ws, | PT | Peat, Primerily Organic Matter
SAMPLER DESCRIPTIONS WATER SYMBOLS
SPLIT SPOON SAMPLER L7 Water level encountered during

< el =X

BAG/BULK SAMPLE

(1 3/8 inch inside diam'f.-.fé_r_)"
MODIFIED CALIFORNIA SAMPLER
(2% inch outside diameter)
SHELBY TUBE

(3 inch outside diameter)

BLOCK SAMPLE

field exploration

Water level encountered at

¥ completion of field exploration

NOTES: 1. The logs are subject to the limitations, conclusions, and recommendations in this report.
2. Results of tests conducted on samples recovered are reported on the logs and any applicable graphs.
3. Strata lines on the logs represent approximate boundaries only. Actual transitions may be gradual.
4. In general, USCS symbols shown on the logs are based on visual methods only: actual designations
(based on laboratory tests) may vary,

PROJECT NO.: 06-1216

FIGURE NO.: 3
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Test type: Inundatcg,@
Horizontal deformation (in.):
Shear rate (in/min): 0 0028

| Sample 1 Sample 2 - Sample 3
Normal stress (psf)] 1000 2000 4000
f Peak shear stress (psf)| 708 1002 3136
ttal deformation at peak(in) 0.20 , 0.16 0.11
Initial Flual Initial Final Initial Final

Sample height (in)] 1.0000 ,ﬂf_ 07[ 1.0000 [ 09528 | 1.0000 | 0.9348_
Sample diameter (in 2416 "1‘6- 2416 2.416. 2416 -2.41616.,:

v Wt. rings + wet sml _g) 192.36 | 19621 190.83 v
- ' 56 46.54 | 46.54 :
T Wet soll +tare(g) 701.% 165.20 701.30 | 165.28

Dry soil +tare ()}, 591.80 | 134.16 | 59180 | 13378 | so18p. %160

Tare (g)| 15295 | 2097 | 15295 | 2227 | 15295} 2052

Water content (%)  25.0 274 25.0 282 | 250 25.9
Dry unit weight (pcf)] _97.1 100.8 97.0 101.8  {*%96.6 103.3

d(deg) 26 Average of 3 samples| Initial ‘Final

c (psf) 186 Water content (%) 250 27.2

Dry anitaweight (peh)__969 | 102.0

2500 4 .5_000._
2000 ] : -0 T 4000
o °Normal stms 1000 psf
& DINommal stress = 2000 psf f_’
% ANormal stress = 4000psf '
4
'0 ﬁ%‘ l =’“""<>
1 BRSNS s 0 e .
f a4 Hor?zf%mtal'?l’éis'lectid(r}iz(in) P o g A0 'Nu%mal‘stragg%%si) A 2000
Chart and Graph by IGES
REMOLDED DIRECT SHEAR
(CONSOLIDATED DRAINED)

ETE JOB NO. 06-1216 TH-1 @ 59 ft FIGURE 4
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Soil Soil Type Moist Unit | Sat. Unit | Cohesion | Friction Angle
Layer Wt. (pcf) Wt (pch (psf) (degrees)
y, Sand 120 130 185 26
2 Gravel 125 130 0 35
06-12168 11-03—++ 14146
Hidden Qaks Bluff Estates |
4870 _ 10 most critical surfaces, MINIMUM BISHOP FOS = 1.113
4825 ]
—
© 4780
(1)
't
n
<
'f 4735
>
4690 |
4645 T T 1 T T | T T T T T T 1
0 45 90 135 180 225 27 315 360
X~AXIS (feet)
GLOBAL SLOPE STABILITY

ETE JOB NO. 06-1216 FIGURE 5




