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Powder Mountain Resort

Eden, Utah

ETE Job No. 04E-082

May 11, 2004

1.0 INTRODUCTION

We understand that a residential devclopmeht is planned for an approximate 9 acre parcel of land located

on the north side of Powder Mountain Road, at the Powder Mountain Resort in Eden, Utah. The location

is shown on the Vicinity Map, Figure 1.

This study was made to agsist in evaluating the subsurface conditions and engineering characteristics of the
foundation soils and in developing our opinions and recommendations concerning appropriate foundation
types, floor slabs and pavement. This report presents the results of our geotechnical investigation including
field exploration, laboratory testing, engineering analysis, and our opinions and recommendations. Data

gathered are shown on Figures 2 through 5.

2.0 CONCLUSIONS

L. Based on the two test pits excavated for this investigation, native soils at this site consist of
1 10 2 v feet of organic topsoil underlain by dense to very dense clayey gravel with cobbles
and boulders (GC) extending beyond the maximum depth explored of 8.5 feet, Perched
groundwater was found in the test pits at depths of 3 to3 4 feet at the time of the

excavations.

Lightly loaded spread footings founded on undisturbed native soils should provide adequate'
support for the proposed structures. A maximum allowable bearing capacity of 2000 psf
should be used for footing designs.

2

3 Permanent cut and fill slopes should be graded no steeper than a 2 to | (horizontal to
vertical) unless an engineered retainage system is used.

4. Footings should be placed at least 15 feet (measured horizontally) from the face of the slope.
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3,0 PROPOSED CONSTRUCTION

We understand that the planned development will consist of 14 residential lots, The buildings will be wood
frame structures possibly with basements. For design purposes, it was assumed that wall loads of the
residential structures would be on the order of 2 to 3 kIf. An asphalt access ro ad and appurtenant concrete
flatwork are also planned. A daily traffic load (18k equivalent axle loading) of 5, which is ;yﬁical for
residential access roads, was used in the pavement cva!ua!ion.r If structural or traffic loads are different than

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

4.0 SITE CONDITIONS

The subject site is currently undcveloped land on a south facing slope. The ground sldpes at grades of 20
to 45 percent and is covered with grasses and groves of aspen trees. A small runoff stream runs north to
south at about the center of the property and was flowing at the time of the field investigation. The site 1§
bound by Powder Mountain Road to the south, existing homes and undeveloped land to the north and
undeveloped land to the east and west. The éxisxing homes to the north of the property appear to be

performing satisfactorily froma foundation viewpoint, based solely upon a limited exterior visual inspection.

50 FIELD INVESTIGATION
The field investigation consisted of excavatng two test pits 10 depths of 7 to 8.5 feet below existing site

grades at the approximate locations shown on Figure 2. The soils encountered at the site were continuously
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logged by the undersigned engineer. Samples were obtained and returned to our laboratory for closer

examination.

The samples will be retained in our laboratory for 30 days following the date of this report at which time
they will be disposed of unless a written request for additional holding time is received prior to the disposal

date.

6.0~ SUBSURFACE CONDITIONS

Based on the two test pits excavated for this investi’gat_ion, native soils at this site consist of 1 to 2 ¥ feet of
organic topsoil underlain by dense to very dense clayey gravel with cobbles and boulders (GC) extending
beyond the maximum depth explored of 8.5 feet. Perched grounldwater- was found in the test pits at depths
of 3 103 Y% feet at the time of the excavations. Graphical represéntations of the soil conditions encountered

are shown on the Test Pit Logs, Figures 3A and 3B. Photos of the test pits are shown on Figure 4,

7.0 GEOLOGIC HAZARDS

A geologic hazards reconnaissance of the property was conducted by Western GeoLogic, LLC'. The report
indicates that there are no geologic hazards on the site'exéept the risk of avalanche which can be reduced

through avalanche control. A copy of the geulogic report is included in the appendix.

J Western GeoLogic, LLC. “Geologic Hazards Reconnaissance, Proposed l4-Lot Residential
Subdivision, Near Powder Mountam Ski Area, Weber Counvy, Utal.”, January 22, 2004,
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8.0 SLOPE STABILITY

The Geologic Hazards report indicates that there is no evidence of past instability on the site. To the west
of the subject property a parking area at the base of a ski lift was constructed with a 50 foot high, 1 Y2
horizontal to 1 vertical cut into the native slope (see Figure 6). Soils similar to those observed in the test
pits was exposed. Using this data we back calculated a internal friction of the soil at 38, To maintain

stability at the site we recommend that cut or fill slopes be no steeper than 2:1 (h:v) unless engineered

retainage systems are used.

9,0 SITE GRADING

9.1  General Site Grading

Topsoil, man-made fill, and soils loosened by construction activities should be removed (stripped) from the
building pads, concrete flatwork and pavement 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 proof rolied to a firm, non-yielding surface, Soft areas detected during the proof-rolling
operation should be femoved and replaced with structural fill. If the soft soils extend more than 18 inches
deep, stabilization may be considered. The use of stabilization should be approved by the geotechnical
engineer and would likely consist of over-excavating the area by 18 inches, placing a geo-grid, such as
Tensar BX-1100, at the bottom of the excavation over which a stabilizing fill consisting of angular coarse

gravel with cobbles 13 placed up to the design subgrade
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92 Structural Fill and Compaction

The fill placed below the buildings, concrete flatwork, and pavements should be structural fill. - All other
fills should be considered as bacldﬁl. Structural fill may consist of the native gravels or imported fill.

Imported material should consist of well-graded sands and gravels with a2 maximum particle size of 3 inches
and 5 to 15 percent fines (materials passing the No. 200 sieve). The liquid limit of the fines should not
exceed 35 and the plasticity index should be below 19 | All il soils should be free from topsoils, highly
organic material, frozen soils, and other deleterious materials. Structural fill should be pla;ed in maximum
8-inch 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 buildings and 90 percent under concrete tlatwork

and pavements. If fill exceeds 5 feet in depth the required density should be increased to 98 percent.

9.3 Backfill

 The native soils may be used as backfill in utility trenches and against the outside foundation walls. Backfil!
should be placed in lift heights suitable to the compaction equipment used and compacted to at least 90
percent of the maximum dry density (ASTM D 1557). Trench backfill which exceeds 5 feet in depth should

be compacted to at least 95 percent of the maximumn density (ASTM D 1557).
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9.4 Excavations

Temporary construction excavations at the site that are less than five feet deep should have slopes no steeper
than % to 1 (horizontal to vertical). Excavations 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.

10.0 SEISMIC CONSIDERATIONS
10.1 Faulung
Based on published data, po active faults are known to traverse the site but there are several inactive faults

are located in the area, see geologic report in the appendix.

10.2 eismic Desi riteria
The proposed structures should be designed in accordance with the RC building code. According to the

[RC maps, this site is classified as seismic design category D,. Mapped $, value for this site is 131 4 %og.

103 Liquefaction
Liquefaction 15 a phenomencn where soils lose their intergranular strength due to an increase of pore
pressures during a dynamic event such as an earthquake The potential for liquefaction is based on several

factors, including 1) the gréin size distribution of the soil, 2) the plasticity of the fine fraction of the soil
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(material passing the No. 200 sieve), 3) relative density of the soil, 4) earthquake strength (magniude) and
duration, and 5) overburden pressures. In addition, the soils must be near saturation for lique action to
accur. Our investigation indicates the soils at this site have a relatively low risk of liquefaction bucause of

the density of the soils and the percentage of fines.

11.0 FOUNDATIONS
10.1 oti si
The native soils found at this site are capable of supporting the planned structures if the recommendations

presented in this report are followed. The recommendations presented below should be utilized dunng

design and construction of this project:

i1 Spread footings founded on undisturbed native soils should be designed for a maximum
allowable soil bearing pressure of 2000 psf. A one-third increase is allowed for short term
transient loads such as wind and seismic events.

2. Footings should be placed at least 15 feet from the face of any cut or fill slope (measured
horizontally). .

3 Footings should be uniformly loaded.

4. Continuous and spot footings should have minimum widths of 20 and 30 inches,
respectively. '

5 Exterior footings should be placed below frost depth which is determined by local building
codes. Generally 40 inches is adequate i this area Interior footings not subject to frost
should extend at least 18 inches below the lowest adjacent final grade,
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6. 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.

7, The bottom of footing excavations should be cleaned of disturbed soils and should be proof
rolled with a non-vibratory compactor to identify soft spots prior to placement of structural
fill or construction of footings. Soft areas encountered during the compaction operation
should be replaced with structural fill or stabilized as recommended in section 10.1.

8. Footing excavations should be observed by the geotechnical engineer prior to placement of

structural fill and construction of footings to evaluate whether suitable bearing soils have
been exposed and whether excavation bottoros are free of man made fill or loose or disturbed
soils. '

11.2 Estimated Settlement

If footings are designed and constructed in accordance with the recommendations presented above, the risk
of total settlement exceeding ] inch and differential settlement exceeding 0.5 inch for a 25-foot span will

be low. Additional settlement should be expected during a strong seismic event.

12.0 BASEMENT AND RETAINING WALLS

12.1  Lateral Pressures

Below grade walls should be designed to resist the lateral loads imposed by the soils retained. The lateral
earth pressures on the buried wa_lls and the distribution of those pressures depends upon the type of structure,
hydrostatic pressures, in-situ soils, backfill, and tolerable movements. Retaining and basement walls are
usually designed with triangular stress distributions known as equivalent fluid pressure based on lateral earth

pressure coefficients, Below grade walls may be designed using the following ultimate values:
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Condition Lateral Pressure Coefficient Equivalent Fluid Weight (PCF)
At Rest 0.50 68
Active 0.24 32
Passive 420 462

- 13

We recommend that the lateral earth pressures for walls _which allow little or no wall movement be based
oon “at rest” conditions. Walls allowed to rotate 0.4 pérccm of the wall height may be designed with “active”
pressures. These values assume level backfill extending honizontally 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
requir.emems discussed in Section 9,3. 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.
Lateral pressures a_pprdﬁdmateiy 30 percent higher will occur during backfill placement and bracing may be

called for until the backfilling operation is completed

12.2 Resisting Loads

Lateral building loads will be resisted by frictional resistance between the footings and the foundation soils
and by passive pressure developed by backfill against the wall. For footings on native soils we recommend
a friction coefficient of 0.30 be used. Because the table shows ultimate values, an appropriate factor of

safety should be applied to the values presented above when determining lateral resistance.
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12,3  Retaining Wall Considerations

Several areas may require retaining walls because cut or fill slopes of 2:1 cannot be achieved. Several
options may be considered: (1) Rock Retained Slopes, (2) Mechanically Stabilized Earth (MSE), or (3)

Standard Concrete Retaining walls, We have briefly discussed these options below.

12.3.1 Rock Retained Slopes

The use of large rocks as retainage in this area is popular because it offers a natural looking
face. The large rock provide sufficient weight to protect the slope against erosion and
shallow slumps. If rock retainage is used it should be understood that rock retained slopes
are a man made structure based on a natural system. Rock retained slopes are subject to
natural processes that may adversely affect the system. Such processes include rocks used
for facing can topple during earthquake events, wildlife can burrow and disturb facing, rock
facing can erode over time, trees and vegetation can disturb facing and other processes. If
these conditions are not acceptable, a rock retained slope should not have been used. Rock
facing should not extend higher that 8 feet unless a tiered system is used.

If rock facing is used they should meet the following recommendations:

L. Rock retained slopes should have a maximum height of 8 feet. The rock face
should slope at a 4 to | (vertical to horizontal) or flatter.

2 If more than 8 feet of retainage is required, the rock retained slope should be
broken into tiers with.a bench in between the tiers or a mechanically
stabilized earth (MSE) wall may be used behind the rocks. The bench should
be at least as wide as the height of the wall below it. The MSE system is

discussed in Section 12.3 2.

e The base rock should have an average nominal diameter of not less than 40
inches. The base rocks should be set at least 18 inches below final grade.
The secand row of rock shouid have an average nominal diameter of not less
than 30 inches. Rocks above the second layer should have an average a
nominal diameter of not less than 24 inches. Smaller rocks may be used to

"chink" in larger voids,
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4 The rocks should be placed with the largest diameter set horizontally into the
slope. No rock should be placed with the largest dimension parallel to the
slope,
5 Rocks should have good three point rock to rock comhct and no rocks should

bear on a downward sloping face of the supporting rock. Larger gaps should
be "chinked" with smaller rock or sealed with a cement grout.

6. All rocks should consist of durable material. Sandstones, which are
susceptible to weathering, and rocks which may dissolve, such as limestone,
should not be used.

7: Grading to avoid concentrated runoff or ponding of water at the top or base.
of the rock face should be performed

8 Footings for any structure should be no closer than 15 feet from the top of the
retained slope.

9. Structures below the rock retained slope should be constructed at least 20 feet
from the base of the rocks.

As a minimum periodic observation of the rock placement should be conducted by an
experienced geotechnical engineer Ifa letter of construction compliance is needed then full
time observation would be required,

12.3.2 Mechanically Stabilized Earth

Mechanically Stabilized Earth (MSE) is a system where a gravity retaining structure is
developed by placing reinforcing geo-grid within compacted granular soil. The spacing and
length of the grid is determined based on height of wall and backfill material. Generally
segmented hlock is used for facing but other alternatives such as formed facing or even large
rock may be used as facing. If large rock is used, the potential of rockfall during earthquakes
remain. We would be happy to work with the civil-structural engineer in developing
individual walls once the design requirements are known.
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12.3.3 Standard Concrete Retaining Walls

Standard concrete retaining walls using the lateral load and resistance values
presented above may be used.

13.0 FLOOR SLABS

The native soils below floor slabs should be proofrolled and soft areas should be stabilized as recommended
in Section 8.1, A minimum 6 inch thick layer of free-draining gravel should be placed immediately below
Ithe floor slab to help distribute floor loads, break the rise of capillary water,.aid in the concrete curing
process and act as an underfloor drain. For slab design, we recommend a modulus of subgrade reaction of
150 psi/in be used To help control normal 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 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 (AC1) codes and practices
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14,0 SURFACE DRAINAGE
Wetting of the foundation soils will likely cause some degree of volume change withio 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 structures in all directions, We
recommend a minimum fall of 8 inches in the first 10 feet

2, Roof runoff should be collected in rain gutters with down spouts designed to discharge well
outside of the backfill limits. :

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

4. Provide adequate compaction of foundation backfill i.e. a minimum of 90% of ASTM D
1557. Water consolidation methods should not be used.

5 Where water concentration from surface drainage or from subsurface drains occurs, erosion
protection should be provided.

6. Other precautions which may become evident during design and construction should be

taken,

15.0 SUBSURFACE DRAINS

151 Foundation Drains

Although the shallow perched groundwater at this site will .on]y oceur in the spring months, the structures
must be protected. We recommend that foundation drains be installed on all basement sections. The
recommendations presented below should be followed during design and construction of bascment:.

| The foundation drain should consist of a 4 inch diameter, slotted pipe encased in at least 12
inches of free draiming gravel. The gravel should extend up the foundation wall to within 2
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feet of the final ground surface and a filter fabric should separate the gravel from the native
soils. The pipe should be graded to drain to a storm drain or other free gravity outfall
Gravel extending up the walls may be replaced by a fabricated drain panel such as Mirafi
Micro drain, or equivalent.

2. The highest point of the 4 inch perforated pipe within the foundation drain should be placed
at least 8 inches below the floor slab. The pipe should be graded to drain (minimum 2
percent grade) to a storm sewer or other free gravity outlet.

3. To facilitate basement drainage, clean gravel placed below the basement floor slabs should
be at least 6 inches thick.

4, Connections through the foundation should be made between the subfloor gravel and the
foundation drain. The connections should be made in such a way to allow any water
collected below the floor slab to gravity flow to the foundation drain.

9 Clean outs should be installed so that the foundation drain pipes may be cleaned as necessary.

Drain operation is contingent upon proper drain construction and maintenance. Drains should be

periodically inspected to verify that the drains are clear of blockages and are operating as envisioned.

152 General Drain Maintenance

Drain operation is contingent upon proper drain construction and maintenance. Drain pipe should be

periodically inspected to verify that the drains are clear of blockages and operating as envisioned.

153 . Water fBa Wil

Because of the potential for perched groundwater at this site we recommend that the basements be water-

prooted to prevent periodic basement seepage.
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16,0 PAVEMENT

We understand that a flexible pavement is desired for the access road in this development. Unless a more
stringent local code is required, we recommend a pavement section consisting of 3 inches of asphaltic

concrete over 9 inches of untreated aggregated base. The design recommendations were based on an

~assumed CBR value of 14%, AASHTO design methods and the following assumptions:

1 The subgrade is proof rolled to a firm non-yielding condition and soft areas are
stabilized, as discussed in Section 8.1,

2. Grading fills below the pavements meet structural fill material and placement
requirements as defined in Section 8.2 of this report,

3. Asphaltic concrete and aggregate base meet UDOT specification requirements;

4 Aggregate base is compacted to at least 95 percent of maximum dry density (ASTM

D 1557),
5. Asphaltic concrete is compacted to at least 97 percent of the laboratory Marshal mix
design density (ASTM D 1559),
6. Traffic loads are typical for light commercial traffic as discussed in Section 3.0 of this
report; and
T7.- Pavement design life of 20 years.
Earthtec
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17.0 GENERAL CONDITIONS

The exploratory data presented iri this report were collected to provide geotechnical design recommendatiohs
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 contractor bidding, Ifit is necessary to define subsurface conditions in sufficient detail to allow accurate

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, conditions are found to be different than those presented
in this report, please advise us so that the appropriate modifications can be made. An experienced
geotechnical engineer or technician should observe fill placement and conduct testing as required 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

or representation, either expressed or implied, is intended in our proposals, contracts Of reports.

We appreciate the opportunity of providing our services on this project. 1f we can answer questions or be

of further service, please call.
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Respectfully; _
EARTHTEC ENGINEERING, P.C.

Robert E. Barton, P.E.
Project Geotechnical Engineer
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TEST PIT LOG

PIT NO.: TP-1

PROJECT: Powder 11 Development @ Powder Mountain
CLIENT: Gardner Engineering

LOCATION: See Figure 2
OPERATOR: S&S Excavation

PROJECT NO.; 04E-082
DATE: May 8, 2004
ELEVATION:

LOGGED BY: Robert Barton

EQUIPMENT: CAT 314 Trackhoe
N g - TEST RESUL'TS
epth | 2 & inti D Water
Fiy | 3| 2 e | E D;E;. c%u. B, [ Ormvol | Sasd [ Bies | OO
oo 4 Organic topsoil comprised of loose silt,
piiiid ST | mols, dark brown. SR I
Clayey gravel with sand containing |
_ cobbles with boulders below 6.5 feer,
""" e dense (o f\a-.ry dense, moist becoming wet
" 05, o below 3 feet, reddish tan,
557 S
2
gz oc 7
¥ &
4%
|+ Practical rig refusal at 7 feet
12
15
1
Notes: Tests Key:
A ‘= Auerberg Limits
C = Caonsolidation
G = Qradation
DS = Direct Shear
SO = Solubility
UC = Unconf, Compress, Strength
PROJECT NO. 04E-082 EartHTEC ENGINEERING, P.C. FIGURE NO.: 3A
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PIT NO.: TP-2
PROJECT; Powder 11 Development @ Powder Mountain PROJECT NO.: 04E-082
CLIENT: Gardner Engineering DATE: May 8, 2004
LOCATION: See Figure 2 ELEVATION:
OPERATOR: S&S Excavation : LOGGED BY: Robert Barton
EQUIPMENT: CAT 314 Trackhoe
ok % @ 3 - = TEST RESULTS
inu | Witer i
g 55 § Description g D;E‘:’ C:E; L bt Gr&vel Sgtu Fl;il."s ‘?:2::
i;; d Organic topsoil comprised of Inose silt,
! t:: 44 moist, dark brown.,
2244 SOIL
M BRI e SRt LISRREES EERSEEt A T 'S aie i
Clayey gravel with sand containing
cobbles, dense, moist becoming wet
¥ below 3.5 feet, reddish tan.
""" below 3 feet, reddish tan,
ac A
g
15
|
Notes; Tests Key:
A = Anerberg Limics
C = Consolidation
G = Uradadon
DS = Direct Shear
SO = Solubillty
Uc = Unconf. Compress. Strength
PROJECT NO. 04E-082 EartHTEC ENGINEERING, P.C. FIGURE NO.: 3B
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REPORT

GEOLOGIC HAZARDS RECONNAISSANCE
PROPOSED 14-LOT RESIDENTIAL SUBDIVISION
NEAR POWDER MOUNTAIN SKI AREA
WeBER COUNTY, UTAH |

Prepared for

Earthtec Testing & Engineering
1596 West 2650 South
Suite 108

Ogden, UT 84401

January 22, 2004
Prepared by

| Western GeoLo'gic. LLC
WES”” 74 N Street
Salt Lake City, Utah 84103

Voice: 801.359.7222
Fax: 801.359.2730
Web: www.western-geologic.com
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WESTERN GEOLOGIC, LLC
74 N STREET
SaLT LAKE Crry, UtaH 84103 USA
Phone: 801.350.7222 Fax: 801.359.2730 Email: ¢ralg_nelson@westem-geologic.com

January 22, 2004
Mr. Robert Barton, P.E.
Earthtec Testing and Engineering, P.C.
1596 West 2650 South
Suite 108
Ogden, Utah 84401

SUBJECT:  Qeologic Hazards Reconnaissance _
Proposed 14-lot Residential Development at Powder Mountain Ski Area
Weber County, Utah

Dear Mr. Barton:

Western Geologic is pleased to present this report describing our geologic hazards analysis for the
proposed residential development in Weber County, Utah.

It has been a pleasure working with you on this project. Should you have any questions please call.

Sincerely,
Western GeoLogic, LLC

/5/3&b.

Bill. D. Black, P.G. :
Associate Engineering Geologist

Reviewed by:

ConNbadead
Craig V Nelson, P.G., R.G., CE.G.
Principal Engineering Geologist

NELSON
5261804

£:\Westarn GeoLogle\PROTECTS\Earthtec Ogden\Powdet Mouniaio\Cover Leite - Powdsr Moustain doc

Wastern Gaologle ~ Environmantal, Engineering, and Gaolaglc Consultants
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EXECUTIVE SUMMARY

Western GeoLogic, LLC conducted a geologic hazards reconnaissance of the proposed 14-lot
residential development at Powder Mountain located about 8 miles north of Huntsville in Weber
County, Utah (subject property). This essessment was accomplished by, and limited 10, a review
of readily available geologic information related to the subject property.

This assessment has revealed no evidence of adverse risk of geologic hazards in connection with
the subject property except for the following:

Peak earthquake ground accelerations (%g) at the subject property area for 10% and
2% probabilities of exceedance in 50 years have becn estimated at 20 to 25 %g, and
40 to 50 %g respectively for NEHRP B-C boundary (firm rock) sites (Frankel and
others, 1996). Ground amplification is expected to be minimal given the rolatively
shallow bedrock st the subject site. Construction of the proposed dwellings to current
seismic design standards should reduce this hazard to acceptable levels.

2. A hazard from snow avalanche is possible at the site, though proximity of the site to
Powder Mountain Ski Area (which likely performs some avalanche control) may
adequately reduce the hazard. The hazard should be disclosed to future buyers.

The site is considered suitable for the proposed development if the recommendations in this
report are followed. Because of snow cover an on-site reconnaissance was not feasible during
preparation of this report and it is therefore recommended that field conditions be verified prior
to construction by a follow-up site visit when the site is accessible and not snow covered,

This Executive Summaty is not intended to be a “stand-alone” document. It is intended to
provide a summary of our findings described in the following report and should be used in

conjunction with the scope of services and limitations described therein.

Western GeoLogie, LLC - Geologic, Environmental and Engineering Consuftants ~ Seit Lake City, Utah USA
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1.0 INTRODUCTION

This report presents results of a reconnaissance-level engineering geology and geologic hazards
review and evaluation conducted by Western GeoLogic, LLC (Western GeoLogic) for a 14-lot
residential development located about R miles north of Huntsville, Weber County, Utah (figure
1). The site is on generally south-facing slopes at the South Fork Ogden River drainage head, in
the NE Y Section 1, Township 7 North, Renge 1 East (Salt Lake Base Line and Meridian).
Elevation of the site is about 8,200 feet above sea level.

20 PURPOSE AND SCOPE

The purpose of the investigation was to identify and interpret surficial geologic conditions at the
site and to evaluate any potential geologic hazards to the project. The following services were
performed in accordance with that purpose:

1. Examination of 1:20,000-scale aerial photos,

2. Review of available geologic msps and reports, and

3, Evaluation of available data and preparation of this report, which presents the
results of our study.

No site reconnaissance was performed due to heavy snow cover at the time of the investigation.
The engineering geology section of this report was prepared in general accordance with the
Guidelines for Preparing Engineering Geologic reports in Utah (Utah Section of the Association

of Engineering Geologists, 1986).

Western GeoLogic, LLC - Geologic, Environmental and Enginsenng Consultants — Salt Lake City, Utah USA
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3.0 AERIAL PHOTOGRAPH REVIEW

Aerial photographs (U.S. Department of Agriculture, 1980) were reviewed to obtain information
about the geomorphology of the site and surrounding area, The site is in an arcuate shaped bowl
area opening eastward; glopes bordering the southern part of the bowl are occupied by Powder
Mountain Ski Area. No slope failures are evident on air photos at the site, and no other geologic
hazards are evident on the photos. No large bedrock outcrops are evident on the air photos.

40 HYDROLOGY

The U.S. Geological Survey (USGS) topographic map of the James Peak Quadrangle shows no
surface-water impoundments or streams crossing the property. The site is at the head of the
‘South Fork Ogden River drainage, which generaily flows to the south. Groundwater flow in the
area is likely toward the drainage head and downstream to the south through thin surficial
sediments and bedrock.

50 GEOLOGY
5.1 Seismotectonic Setting
The property is located southeast of James Peak in 8 mountainous arca bordering the
northern end of Ogden Valley within the Wasatch Range. The Wasatch Range is & major
north-south trending mountain range marking the eastern boundary of the Basin and
Range physiographic province (Stokes, 1977). Ogden Valley is 2 back valley within the
Wasatch Range described by Gilbert (1928) as a structural trough similer to Cache and
Morgan Valleys to the north and south. The back valleys of the northern Wasatch Range
are in & transition zone between the Basin and Range and Middle Rocky Mountains
provinces (Stokes, 1977).

Weetam GeoLogic, LLC - Geologic, Environmental and Engineering Consultants — Sall Leke Cify, Utah USA
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The Basin and Range province is characterized by a series of generally north-trending
elongate mountain ranges, separated by predominately alluvial and lacustrine sediment-
filled valleys and typically bounded on one or both sides by major normal faults (Stewart,
1978). 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. Late Cenozoic normal faulting, a characteristic of the Basin
and Range, began between about 17 and 10 million years ago in the Nevada (Stewart,
1980) and Utah (Anderson, 1989) pottions of the province. The faulting is a result of a
roughly east-west directed, regional extensional stress regime that has continued to the
present (Zoback and Zoback, 1989; Zoback, 1989).

The site is also in the east-central portion of the Intermountain seismic belt (ISB), a
generally north-south trending zone of historical seismicity along the eastern margin of
the Basin and Range province extending from northern Arizona to northwestern Montana
(Sbar and others, 1972; Smith and Sbar, 1974). At least 16 carthquakes of magnitude 6.0
or greater have occurred within the ISB since 1850; the largest of these earthquakes was
8 Mg 7.5 event in 1959 near Hebgen Lake, Montana. However, none of these
earthquakes occurred along the Wasatch fauit or other known late Quaternary faults -
(Arabasz and others, 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.

5.2  Unconsolidated Deposits

Coogan and King (2001) show no surficial geologic units et the site, but unconsolidated
deposits in the vicinity of the site inctude colluyium, man-made fill, and undifferentiated
mass-movement deposits (figure 2). The mass-movement deposits are shown on slopes

radiating away from the site about 0.5 to | mile distant (figure 2). Descriptions of these

units, from youngest to oldest, are:

Weatern GeoLogic, LLC - Geologic, Environmental and Engineering Consultants ~ Salt Lake Cliy, Uteh USA |
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Qf - Man-made fill. Fill material about 1,000 feet east of the site.

Qc - Colfuvium. Includes slope wash and soil creep; composition depends on local
bedrock.

Om - Mass-movement deposils (nm‘r'vidéd). Includes slides, slumps, flows,
colluvium, talus, and alluvial fans mapped where several mass-movement processes
contribute to the deposit.

53 Bedrock
Coogan and King (2001) show several bedrock units in the vicinity of the site (figure 2),
described from youngest to oldest in age as:

Cbl, Cbm, Cbh - Blacksmith Dolomite. Medium-gray, very thick- to thick-bedded,
coarsely crystalline cliff- and ridge-forming dolomite that weathers 1o a lighter gray.

Cu — Ute Formation. Gray, thick-bedded limestone and minor medium-bedded, gray to
light-gray dolomite above and below interbedded, thin-bedded, gray to dark-gray
limestone with tan-, yellow-, and red-weathering, wavy silt layers and olive-gray to tan-
gray, thin-bedded, micaceous shale and argillite.

Cg, Cgc - Geertsen Canyon Quartzite. Mostly buff quarizite, but some brown-
weathering argillite mapped locally and common at iop.

Zm - Mutual Formation. Purple. thick- to very thick-bedded quartzite with

conglomerate lenses, locally arkosic.

Western GeoLogio, LLC - Geologic, Environmentsl and Engineering Consultants — Sall Lake City, Utah USA
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6.0 GEOLOGIC HAZARDS

Assessment of potential geologic hazards and the resulting risks imposed is critical in
determining the suitability of the site for development. A discussion and analysis of geologic
hazards follows.

6.1 Earthquake Ground Shaking

Ground shaking refers to the ground surface acceleration caused by seismic waves
generated during an earthquake, Strong ground motion is likely to present a significant
risk during moderate to large earthquakes located within a 60 mile radius of the project
area (Boore and others, 1993). Seismic sources include mapped active faults, as well asa
random or “flosting” earthquake source on faults not evident at the surface. Mapped
active faults within this distance include: the East and West Cache fault zones; the
Eastern Bear Lake fault; the Brigham City, Weber, and Salt Lake segments of the
Wasatch fault zone; the East Great Salt Lake fault zone, the Morgan Fault; the West
Valley fault zone; and the Bear River fault zonc (Black and others, 2003).

The extent of property damage and loss of life due to ground shaking depends on factors
such as: (1) proximity of the earthquake and swength of seismic waves at the surface
(horizontal motions are the most damaging); (2) amplitude, duration, and frequency of
ground motions; (3) nature of foundation materials; and (4) building design (Costa and
Baker, 1981). Peak accelerations (% of gravity) at the site for 10% and 2% probabilities
of exceedance in 50 years are estimated at 20 to 25 %g, and 40 to 50 %g respectively for
NEHRP B-C boundary (firm rock) sites (Frankel and others, 1996). Horizontal
accelerations on the 10 percent in 50-year map were typically used in building design
prior to 2003. '

Given this information, earthquake ground shaking is a risk to the subject site, The
hagard from earthquake ground shaking can be adequately mitigated by design and
construction of homes in accordance with appropriate building codes.

Western GeaLogle, LLC - Gealogic, Envinments! and Enginesring Consultants — Seit Lake City. Ulah USA
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6.2  Surface Fault Rupture

Movement along faults at depth generates earthquakes. During earthquakes larger than
Richter magnitude 6.5, ruptures along normal faults in the intermountain region generally
propagate to the surface (Smith and Arabasz, 1991) as one side of the fault is uplified and
the other side down dropped. The resulting fault scarp has a near-vertical slope. The
surface rupture may be expressed either as a large, singular scarp, or several smaller
ruptures comprising & fault zone. Ground displacement from surface fault rupture can
cause significant damage or even collapse to structures located across a rupture zone.

Coogan and King (2001) map several thrust faults at the site (figure 2; shown by heavy
toothed lines), and one down-to-the-west northeast-trending normal fault (figure 2;
shown by heavy line with bar and ball, dotted where concealed). These faults are
bedrock faults that show no evidence of activity in recent geologic time, and no scarps
suggestive of surface faulting were observed on air photos. Based on this information,
the hazard from surface fault rupture is very low.

63  Liquefaction and Lateral-spread Ground Failure

Liquefaction occurs when saturated, loose, cohesionless, soils lose their support
capabilities during a seismic event because of the development of excessive pore
pressure. Earthquake-induced liquefaction can present s gignificant risk 1o structures
from bearing-capacity failures to structural footings and foundations, and can damage
structures and roadway embankments by triggering lateral spread landslides. Earthquakes
of Richter magnitude 5 are generally regarded as the lower threshold for liquefaction.
Liquefaction potential at the site is a combination of expected seismic (earthquake
ground shaking) accelerations, ground water conditions, and presence of susceptible
soils.

The site is mapped in quarizite bedrock, likely with a thin veneer of surficial sediment.
Based on the lack of sandy cohesionless soils at the site and likely shallow depth to
bedrock, the hazard from liquefaction and latersl spreads is very low.

Western GeoLogic, LLC - Gealogic, Environmental and Enginsering Consultents - Salf Lake Clly, Utah USA
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64  Tectonic Deformation

Tectonic deformation refers to subsidence from warping, lowering, and tilting of a valley
floor that sccompanies surface-faulting earthquakes on normal faults. Large-scale

tectonic subsidence may accompany earthquakes along large normal faults (Lund, 1990).
Tectonic subsidence is believed to mainly impact those areas immediately adjacent to

the downthrown side of 2 normal fault. No faults are mapped at the site. Based on this,

the risk from tectonic subsidence is very low. '

6.5 Seismic Seiche and Storm Surge -

Earthquake-induced seiche presents a rigk 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 from large bodies of water, the risk to the
subject property from seismic seiches is rated as very low.

6.6  Stream Flooding _
Stream floods may be causéd by direct precipitation, melting snow, or & combination of
both. In much of Utah, floods are most common in April through June during spring
snowmelt, High flows may be sustained from a few days to several weeks, and the
potential for ﬂooding depends on a variety of factors such as surface hydrology, site
grading and drainage, and runoff. Stream flooding is likely only a localized seasonal
concern in the shallow swale on the western edge of the site. Site drainage and
hydrology should be addressed in e site-specific drainage report for the development.

6.7 Shallow Groundwater

No springs are shown on the topographic map for the James Peak quadrangle at the site.
The site is likely in a recharge zone for the South Fork Ogden River, and ground water is
likely deep. Depth to groundwater can fluctuate based on seasonal and climatic
variations in up-gradient runoff infiltration, and depths may decrease as water is added
from sources such as landscape irrigation. However, shallow groundwater should not
pose  significant constraint for the proposed development.

Westem Geologia, LLC - Geologie, Environmenisl and Enginesring Consultanis - Salt Laﬁ City, Utah USA
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68 Landsiide and Slope Faflures

Slope stability hazards such as landslides, slumps, and other mass movements can
develop along moderate 10 steep glopes where a slope has been disturbed, the head of a
slope Joaded, or where increased ground-water pore pressures result in driving forces
within the slope exceeding restraining forces. Slopes exhibiting prior failures, and also
deposits from large landslides, are particularly vuinerable to instability and reactivation.

Figure 2 shows no mass movement deposits at the site, of in slopes above or below the
site. This evidence suggests slopes at the site are stable and the risk from slope failures is
low, However, to ensure slopes at the site are not destabilized, recommendations
regarding slope stability, grading, and site drainage should be addressed in & geotechnical
engineering evaluation during the subdivision approval process.

6.9  Debris Flows

Debris flow hazards are typically associated with unconsolidated alluvial fan deposits at
the mouths of large range-front drainages, such as those along the Wasatch Front. The
site is mapped as being underlain by bedrock and no alluvia) fans are shown in the
vicinity. Based on this, the risk from debris flows is low,

6.10 Rock Fall

No rock accumulations were evident at the site, and no Jarge bedrock outcrops are in
slopes above the site that could present a source area for rock fall clasts. Based on this,
the risk from rock falls is likely low.

Wastern GeaLogle, LLC - Geologic, Envirenmental and Engineering Consultents ~ St Leke Clty, Ulah USA
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6,11 Snow Avalanche

A hazard from snow avalanches may exist due to proximity of the site to mountainous
areas with south-, west- and north-facing slope aspects. Based on the elevation of the site
and poiential mountainous source areas, the hazard from snow avalanche is moderate o
high. Hﬁwever. proximity of the development to Powder Mountsin Ski Area, which
regularly performs avalanche control during operation, reduces the hazard.

6.12 Radon
Radon comes from the natura! (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 in & “Moderate” radon-hazard potential area (Black, 1993). A moderate rating
indicates that indoor radon concentrations would likely be between 2 and 4 picocuries per
liter of air. However, actual indoor radon l:velsl 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.

6.13 Swelling and Collapsible Soils

Surficial soils that contain certain clays can swell or collapse when wet. Based on the
lack of soil development at the site; the risk from swelling and collapsible soils is likely
low, However, a geotechnical engineering evaluation should be performed during the
subdivision approval process to address soil conditions and provide specific
secommendations for site grading, subgrade preparation, and footing and foundation
design |

6.14 Volcanic Eruption
No active volcanoes, vents, or fissures are mapped in the region. Based on this, no
volcanic hazard likely exists at the site and the risk to the project is low.

Westem GeoLogic, LLC - Geclogie, Environmental end Engineering Consultants - Salt Lake Clty, Utah USA
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7.0 CONCLUSIONS AND RECOMMENDATIONS

Potential hazards from earthquake ground shaking and snow avalanche exist at the site. The
earthquake ground-shaking hazard can be adequately mitigated by designing and constructing
the proposed structures to proper seismic standards. The potential snow avalanche hazard is
likely alresdy reduced by avalanche control for Powder Mountain Ski Area, as long as the gki
area remains in operation, however it is recommended that the rigk from snow avalanche be
disclosed to future buyers.

Because of snow cover an on-site reconnaissance was not feasible during preparation of this
report and it is therefore recommended that field conditions be verified prior to construction by a

- follow-up site visit when the site is accessible and not snow covered.

A geotechnical engineering study is recommended prior to construction to address soil
conditions at the site for use in foundation design, site grading, and drainage; and provide
recommendations regarding building design to reduce risk from seismic acceleration. Although
slopes at the site show no evidence of instability, care should be taken in site grading and
preparation to ensure slopes are not destabilized.

The site is considered suitable for the proposed development if the recommendations in this
report are followed.

7.1 Availability of Report |
The report should be made available to architects, building contractors, and in the event
of a future property sale, real estate agents and potential buyers. This report should be

~ referenced for information on technical data only as interpreted from the excavations
observed and not as a warranty of subsurface conditions throughout the site.

Weatemn GeoLogic, LLC - Geologic, Environmental and Enginesning Consultants - Salt Lake Cily, LHah USA
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8.0 LIMITATIONS

This investigation was Iperfnrmed at the request of the Client using the methods and procedures
consistent with good commercial and customery practice designed to conform to acceptable
industry standards. The analysis and recommendations submitted in this report are based upon
the data obtained from air photos and geologic literature. This information and the conclusions
of this report should not be interpolated to adjacent properties without additional site-specific
information. In the event that any changes are later made in the location of the proposed
subdivision boundaries, the conclusions and recommendations contained in this report shall not
be considered valid unless the changes are reviewed and conclusions of this feport modified or
approved in writing by the engineering geologist.

This report hag been prepared by the staff of Western GeoLogic for the Client under the
professional supervision of the principal and/or senior staff whose seal(s) and signatures appear
hereon. Neither Western GeoLogic, nor any staff member assigned 1o this investigation hag any
interest or contemplated interest, financial or otherwise, in the subject or surrounding properties,
or in any entity which owns, leases, or occupies the subject or surrounding properties or which
may be responsible for environmental issues identified during the course of this investigation,
and hes no personal bias with respect to the parties involved.

The information contained in this report has received appropriate technical review and approval.
The conclusions represent professional judgment and are founded upon the findings of the ' .
investigations identified in the report and the interpretation of such data based on our experience
and expertise according to the existing standard of care. No other warranty or limitation exists,
cither expressed or implied.

Weastemn Geologic, LLC - Geologia, Environmental and Engineering Consultents — Salt Leke City, Ufah USA
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The investigation was prepared in accordance with the approved scope of work outlined in our
proposal for the use and benefit of the Client; its successors, and assignees. It is based, in part,
upon documents, writings, and information owned, possessed, or secured by the Client. Neither
this report, nor any information contained herein shall be used or relied upon for any pumpose by
any other person or entity without the express written permission of the Client. This report is not
for the use or benefit of, nor may it be relied upon by any other person or entity, for any purpose
without the advance written consent of Western GeoLogic.

In expressing the opinions stated in this report, Western GeoLogic has exercised the degree of
skill and care ordinarily exercised by a reasonable prudent environmental professional in the
same community and in the same time frame given the same or similar facts and circumstances.
Documentation and data provided by the Client, designated representatives of the Client or other
interested third parties, or from the public domain, and referred to in the preparation of this
assessment, bave been used and referenced with the understanding that Western GeoLogic
assumes no responsibility or liability for their accuracy.

The independent conclusions represent our professional judgment based on information and data
available to us during the course of this assignment. Factual information regarding operations,
conditions, and test data provided by the Client or their representative has bsen assumed to be
correct and complete. The conclusions presented are based on the data provided, observations,
and conditions that existed at the time of the evaluation, '

Woatern Geologic, LLC - Gedlogic, Enviranmentsl and Engineering Cansultants — Sakt Lake Clty, Utsh USA
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WESTERN GEOLOGIC, LLC
Biil D. Black, P.G.

Associalé Engineering Geologist
Engineering Gaology
Geologic Hazards

Groundwater Geology
Environmenial Geology

B.S., Geology, Weber State University, 1886, top depariment graduate

Professional Geologlist — Utah #5224808

Mr. Black has over 13 years of experience conducling geologlc Investigations, mostly
galned while working as a project geologist for the Utah Geological Survey. His expertise

~ia In fault and seismic siudies; geologic hazards mapping, analysis and mitigation;

landslide, debris flows, and siope stability; and radon. Ha has complated numerous faull
invastigations under the U.S. Geological Survey's National Earihquake Hazard
Raduction Program (NEHRP), and radon-hazard studies under tha Eavironmantal
Protection Agency's State Indoor Radon Grant (SIRG) Program. Mr. Black served from
1998 to 2000 on the Utah Division of Comprehansive Emergency Management
Intaragency Technical Team. -

Mr. Black also has exparienca in fleld maonriimnco and sampling of stream sediment

for economic mineral evaluation, including trece mineral suites characteristic of
Kimberilte deposits in narthern Wyaming. Mr. Black has been invoived in hydrogeologic
investigations measuring spring flow and waler quality, envionmental Investigations
determining sultability for landfile and waslewater soll-absorption systems, and
conducted numerous geolechnical report reviews for local governments.

Hydrogeoiogy Projects

. Conducied a depth to bedrock saismic refraction study for Spring City, Utah
municipal water well location in cooperation with the Utah Division of Water
Resources.

¥ Conducted waler quality and fiow measurements for potential water sources,

Antelope leland State Park, Utah.
. Conducted percolation tests and essisted In fleld bedrock characterization for &
waste-water soil-absorption sysiem sultability study for Duchesne County, Utah,
. Mapped areas af shaliow ground water in Tooele Valley and the Weal Deseort
Hazardous Indusiry Area, Utah.

. Conducted shallow drilling studies fo determine depth ta the unconfined aquifer,

Ogden Valley, Utah, for a waler quality assessment.

Environmentai Geology

. Authored and co-authored studies mapping and evaluating the radon-hazard
potential of the lower Weber River area, Waber and Davis Countles, Utah; Tooele
Valley, Tooele County, Utah; western Sall Lake Valley, Salt Lake County, Utah;
‘and Sandy and Provo Clties, Salt Lake and Utah Countles, Utah.

. Compiled, mapped, and published the stalewide radon-hazard potentisl map for
Utah

. Assisted In fiald reconnalssance for four proposed landfill siles in Wasatch County,
Utah.
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Geologlc Hazards

. Authored and co-authored six NEHRP fault and trenching studies at siles along the
Wasatch fault zone, Oguirrh fault zone, Mercur fault, and West Cache fault zone
in Tooele, Cache, Salt Lake, and Utah Counties, Utah.

. Principal investigator, Cache Landmark Engineering, Canyon Ridge Estates fault
trenching project, East Cache fault zone, North Logan, Cache County, Utah,

. Assisted with the Mapleton Megatrench project, Pravo segment of the Wasaich
fault zone, Utah County, Ulah in cooperalion with URS Corp. (Cakiand, CA) and
the Utah Geological Survey.

. Conducted numerous geologic hazard assasaments for water lmnks, schools, fire
stations, and School Trust Lands in Utah,

. Evaluated and documented geologic effacts associated with the 1992 St. George
earthquake and Springdale iandsiide; evaluated causes and effects of the 1889
Weber-Davis Canal breach in Riverdale, Weber County, Utah; sand responded Lo
numerous other geologic hazard events in Utah resulting from landslides, rock
falis, canal falluras, and earthquakes. :

. Mapped geology and geologic hazards of Tooele Valley and the Wast Desert
Hazardous Industry Area, Tooale County, Utah; co-auther for Geologic hazarda of
the Ogden area and Geology of Salt Lake City.

’ Co-authored the digital Quaternary fauit and fold database and map of Utah,

. Canducted numerous geclogic hazard and site sultability assessmanis for waler
tanks, schools, fire stations, subdivisions, and State Trust land sales.

Economic Mineral Evajuation
. Conducted stream sediment sampling for trace minerals characleristic of
Kimberlite deposils, Big Horn Mountains, Wyoming.

Geologic Hazards - Land Use Planning '

. Prepared the geologic hazards analysis snd maps for Tooele County Planning
Division for Toosle Valley. Geologic hazards of prime considerslion included:
surface fault rupture, earthquake ground shaking, landslides, rock fall, debris flow,
problem solis, stream flooding, liquefaction, shellow ground water, and radaon.

. Prepared the geologic hazards analysls and maps for Tocele County Planning
Division for the Weet Desert Hezardous Indusiry Ares. Geologic hazards of prime
considerstion in included: esrthquake ground shaking, landslides, rock fall, pond
and sheet flooding, problem solls, liquefaction, shallow ground water, and radon.

. Conducied numerous geologic and geolechnical consultant report reviews for
developments in Cache, Weber, Davis, Morgan, Sait Lake, and Utah Counties,
Utah.

Associate Engineering Geologist, Western GeoLogic, Salt Lake City. UT (2003-present)
Project Geologist, Utsh Geological Survey, Applied Geology Section, Salt Lake Clity,
Utah (1895-1899),

Geologist, Utah Geological Survey, Applied Geology Section, Salt Lake City, Utah (1880-
1898).

Gaotechnician, Utah Geologicsl Survey, Applied Gaology Section, Sait Lake City, Utah
(1988-1880).

Field Geotechniclan, North American Exploration, Kaysville, Utah (1986).

Co-reciplent, Geological Saclety of America John C. Frye award for 1995.
Received numerous Utah Geological Survey awards for excelience.
Recelved Utah Division of Radiation Control awerd for achievemants In radon hazards.

Uniied Statas
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. Black, B.D., 1983, The radon-hazard-potential map of Utah: Utah Geological Survey Map 143, scale
1:1,000,000, 12 p. pamphlet.

—198088, Radon-hazard potential of westemn Sail Lake Valley, Sail Lake County, Utah: Utah Geologlcal
Survey Special Study 91, scale 1:50,000, 27 p. '

Black, B.D., Giraud, R.E., and Mayes, B.H., 2000, Paleosalsmology of Utah, Volume 9—Palecsaismic
invastigation of the Clarkston, Junction Hllis, and Wellsvilie faults, West Cache fault zone, Cache
County, Utah: Utah Geclogical Survey Spacial Study 88, 23 p.

Black, B.D., Hecker, Suzanne, Hylland, M.D., Christenson, G.E., and McDonald, G.N., 2003, Quaternary
feult and fold database and map of Ulah: Utah Geological Survey Map 183DM, digital format GIS
map and spatial dstabase CD-ROM, scale 1:500,000.

Black, B.D., Lund, W.R., and Mayes, B.H., 1885, Large earthquakes on the Sait Lake City segment of the
Wasaich fault zone—eummary of new Information from the Sauth Fork Dry Creek site, Sait Lake
County. Utah, in Lund, W.R., editor, Environmental and engineering geolagy of the Wasalch Fronl
region; Sak Lake Clty, Utah Gealogical Association Publication 24, p. 11-30. -

Black, B.D.. Lund, W.R., Schwartz, D.P., Glil, H.E., and Mayes, B.H., 1888, Palecseismology of Utah,
Volume 7—Pealecselsmic investigation on the Salt Lake City sagment of the Wasalch fault zone at
tha South Fork Dry Creek and Dry Guich siles, Sait Lake County, Utah: Utah Geolagical Survey
Special Study 92. 22 p.

Black, B.D., Mulvey, W.E., Lows, Mike, and Salomon, B.J., 1885, Geologic effects, /n Christenson, GE.,
edifor, The Septembar 2, 1992 M, 5.8 St. George earthquake, Washington County, Utah: Uteh
Gaologleal Survey Circular 88, p. 2-11.

Black, B.D., and Solomon, B.J., 1888, Radon-hazard potential of the lowar Weber River area, Tooele
Vallay, and southeastern Cache Valley, Cache, Davis, Tooele, and Weber Countles, Utah: Uah
Geological Survey Special Study 80, scale 1:50,000 and 1:100,000, 56 p.

Black, B.D., Solomon, B.J.. and Harty, K.M., 1898, Geology and geologic hazards of Tooele Valley and
the West Desert Hazardous Industry Area, Tooele County, Ulah: Utah Geologicsl Survey Speclal
Study 88, B plates, scale 1:100,000, 65 p. ,

Lowe, Mike, Black, B.D., Harty, K.M., Keaton, J.R., Mulvey, W.E., Pashley, E.F., Jr, and Willlams, S.R.,
1882, Geologic hazards of the Ogden area, Ulah, in Wilson, J.R., editor, Fleld guide to geologic
. excursions In Utah and adjacent areas of Nevada, idaho, and Wyeming: Utah Geological Survey
Miscellaneous Publication 82-3, p. 231-285. Winner of Geological Saclety of America's 1985
John C. Frye Environmental Gaology Award. :

Lund, W.R., and Black, B.D., 1998, Paleoseismology of Ulsh, Volume 8-Palecselsmic investigation at
Rock Canyon, Provo segment, Wasalch fault zone, Utah County, Utah: Uteh Geolegical Survey
Special Study 83, 2 piatas, 21 p.

Lund. W.R., Christenson, G.E., Harty, K.M., Hecker, Suzanne, Atwood, Genevieve, Case, W.F.. Gill, H.E.,
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Gwynn, JW., Kisuk, R.H., Mabey, D.R., Mulvey, W.E., Sprinkel, D.A., Tripp, B.T., Black, B.D.
and Nelson, C.V,, 1880, Geology of Sait Lake City, Utah: Uniled Stales of America, Bullelin of the
Association of Engineering Gealogists, v. 27, na. 4, p, 301-478.

Lund, W.R., Schwartz, D.P., Mulvay, W.E., Budding, K.E., and Black, B.D., 1881, Paleoselsmology of
Utah, Volume 1-Fault behavior and earthquake recurrence on the Provo segment of the Wasaich
fault zone at Mapleton, Utah County, Utah: Utah Geological and Mineral Survey Special Studles
75, 41p.

Olig, S.S.. Gortan, A.E., Black, B.D., and Forman, 5.L., 2001, Paiecseismology of the Mercur fault and
sagmentation of the Oquirrh-East Great Salt Lake fault zone, Utah: URS Corporation,
Unpublished Consultant Report, NEHRP Award No, 98HQGR10386, 41 p.

Olig, S.8., Lund, W.R., Black, B.D., and Mayes, B.H., 1896, Paleoseismic Investigation of the Oquirrh fault
zone, Toosle County, Utah, in Lund, W.R., aditor, Palecseismology of Utah, Volume 8=The
Oquirrh fault zone, Toosle County, Utah, surficial geclogy and palecselsmicity: Utah Geological
Survey Specisl Study 88, p. 19-84.
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WESTERN GEOLOGIC, LLC
CRAIG V. NELSON, C.E.G,, R.G.

Principel Engineering Geologist

Engineering Geology
Groundwaler Geology
Enviranmental Oue Diligence
Environmental Geology
Geologic Hazards

Litigation Support

M.B.A., Eccles School of Business, University of Utah, 1991
M.S., Geology. Utah Stale University, 1988
B.S., Geology, Utah State University, 1882

Registared Geologist - Californis and Arizona
Certified Engineering Geologisl - California

Mr. Nelson has over 20 years of experience managing a wide varlety of projects in
engineering and environmental geclogy. His expariise in geologic hazards mapping,
analysis and mitigation stem from succassful completion of numarous geologic hazerd

_sludies, fault and seismic investigations, rockfall probability assessments, landslide and

debris flow studies. and slope slability projecis. He has completad gsologic studies and
risk analysis for englnaered structures, public facliities, subdivisions, dams, highways,
and corridors throughout the western U.S, and Canada. ,

His envionmentsi and hydrogeology work hes Included subsurface site
characterizations, Phase | Environmental Site Assassments, and soil and groundwater
remediation projecis Invelving a varlety of centaminants end remediation technologies.
He has provided expert witnesa and third-party raview services in 8 number of geclogy
and ground waler related cases.

Dam Prajects

° Provided engineering geology analysis for the selamic stability evaluation of Twin
Lakes (concrete arch) and Lake Mary (concrete gravity) dams. Project included
delailed bedrock mapping of abutments, seismic refraction survey, and slope
stabllity analysis.

. Performed ihe geologic slte reconnaiesance and seigmic design criteria for the
reconstruction and enlargement of an eerthilil dam in Payson Canyan, Utah,

. Project manager for the engineering compliance evaluation of Red Pine Dam for
Salt Lake City Public Utillties. Conducted the engineering geclogic analysis for the
project and geophysical evalustion across the dam foundation.

Expert Witneas and LIW Support _
. Provided expert witnass lestimony and third-party reviaw on a variety of geology

and hydrogeclogy cases,

Geologic Hazards - Land Use Planning

. Praparad the geologic hazards analysie and land use overlays for Salt Lake
County Planning Divislon's Foothill Area Master Plan, Geclogic hazards of prime
consideration in this land use plan include: surface fault ruplure, earthquaka
ground shaking, landslides, rockfall, debris flow, mine and tunnel collapse, and
avalanche.
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Corrl

Prepared the geoclogic hazards analysls and land use overlays for Salt Lake
County Planning Division’s Holaday/Cottonwood Master Plan, Geologic hazards of
prime consideration in thia land use plan include: surface fault ruplure, earthquake
ground shaking, unstable slopes, and liquefaction.

Prepared the geclogic hazards analysis and land use overlays for Salt Lake
County Planning Division's Megna Area Master Plan. Gedlogic hazards of prime
consideration In this land use plan Include: surface faull rupture, earthqueke
ground shaking, unstable siopes, and liqusfaction,

Prepared the geclogic hazards analysie and land use overlaye for Sait Lake
County Planning Division's Taylorevllle-Bennion Master Plan. Geologic hazards of
prime consideralion in this land use plen include: surface fault rupture, earthquake
ground shaking, and liguefaction.

Prepared the geologic hazards analysis and land use overleys for Sall Lake
County Planning Divislon's Herriman Area Master Plan. Geologic hazards of
prima consideration in this land use plan Indude: earthquake ground shaking,
landslides, rockfall, debris flow, and liquefaction.

dor and Transportation Projects
Project geologisi conducting the geclogic hazards analysis for the Indepandant
Review of the Yellowstone Pipeline on Lolo National Forest (n Montana and Idaho.
Prepsred a reconnaissance-level geologic hazards chamacterization of the pipelina
carridor for hazards Including: surface fault rupture, liquefaction, seismic ground
accsleration, landslide, debris flow, rock fall, avalanche, and other hazards such as
acid ground water corrosion.
Project manager for the geotechnicel exploration, testing, analysie and praliminary

" design recommendations for roadway embankment setilement, bridge abuimenis,

pile design, and retaining walls for the redesign of the complax I-165/1-80 Junction
at 2400 South In Salt Lake County. This major reconstruction project involved
exploration of over 200 borings and CPT soundings, many in areas of soll and
groundwater comamination from heavy melais, hydrocarbons, PCBs, solvents, and
low-leval radiocactive flll material. _

Projeci manager for exploration and analysis fo provide pavement design
‘paramelers to UDOT at over 80 sites along existing and planned surface roads
adjacent to ihe I-15 corridor.

Project manager for geologic and geotechnical expioration of the realignment of
U.S. 188 In upper Provo Canyon, Utah. This section Included routing through the
Infamous Hoover landslide complex as wall as rack cuts ranging to 75m In height.
Coordinated drilling, Inclinometer installation and monitoring, downhole
geophysics, and eolfl and rack mechanics lesting. Provided detailed geclogic
maps, cross sections, and geologic hazards analysis Including discontinuity and
ssismic paramelers for the transporiation design engineers.

Project manager for the seismic hazard analysis of the |-15 corridor through Sait
Lake County. This project involved exploration of 200 and 300 foot borings for
downhole shear wave velocily and gamma and EM logging: seiemic source
characterization; ground-molion analysis; probabilistic and deterministic selsmic
hazards analyses; site response analyses: and seismic design specira for more
than 50 bridge sites elong the corridor.

Project manager for the geotechnical exploration, lesting, analysis and preliminary
dasign recommendations for the redesign of the |-16 “collactor” system between
80D south and 1700 south in Salt Lake City. This mejor reconstruction project
involved embankmant widening with retaining walls and bridge replacement and
widening.

Project manager for the geotechnical exploration, testing, analysis and pretiminary
design recommendations for the [-18 800 South off-ramp in Salt Lake City.
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Project manager for ihe |-15 Stage | geotechnical corridor investigation from 10800
South to 500 North in Salt Lake County, Utah. This project involves providing
preliminary geolschnical recommandations for the roadway widening and
reconstruclion of struclures along a 17.8-mile segment of |-15. This project
provided preliminary setiiament calculations for over 50 bridge sites and wick-drain
analysls for embankment seltiement,

Project manager for the UDOT Stage | geotechnical investigation of the 17.6-mile
sagment of |-15 through the urban Salt Lake Corridar. This project involved CPT
soundings and deep SPT borings, preliminary seitiement analysis for bridge
foundations and highway embankmenis, wick-drain analysls, and seismic

microzonation of the corridor, Dames & Moore also prepared guideline manuals for

subsurface, exploration, geolachnical analysis and design, and soll classification.
Engineering geology analysis for proposad 345m long funicular raliway systam for
skl resort access near Provo, Utah.

ogic Hazards - Surface Fault Rupture _
Conducied a surface fault rupture hazard study fault siudy for a proposed muliti-iot
subdivision/apariment complex adjacent lo (ha aciive Easl Bench portion of the
Wasalch Fault, Included aerlal pholography analysla and fault mapping,
Excavated and logged 4 trenchea (total 120m In length) o locate the fault and
determine rupture history (min. of 2.1m displacement abserved). Provided
rooomn'}:lmduﬂons for bullding set-backs, grading and feoting placement in areae of
rubbla fill.
Project manager for a combination fault and geotechnical investigation involving
trenching & 58m long, 3.2m deep exploratory irench through Holocene aliuvium
and dabris flow depasits into Pleistocene Lake Bonneville sediments. No active
faults were delineated. The trench was logged using standerd levei-line
techniquas and a video log was also made o document the stratigraphy. Five teal
pits were also excavatsed, logged, and sampled for geotechnical testing.
Conductad a faull investigation for a proposed residential development in & very
structurally complex area within the active Wasatch Fault Zone. This project
conslated of aenal photography analysis, fault and surficial geclogic mapping, and
excavaiing and logging a 77m long, 3m deep exploratory trench la delinests
faulting and determine rupture history (nine active faults splays were documenied).
Provided recommendations for buildeble areas fo svoid fulure rupture hazard,
Prasented selsmic techniques and riska to the Plenning commission.
Logs from geotechnical boreholes across this site indicated significant changs in
stratigraphy from east 10 west across the site. Analysis of serial photographs
proved Inconclusive because of surficial disturbance from development In the
sarlies! avallable photos (1838). Becausa the aciive East Bench poriion of the
Wasalch Fault has been mappad about 80m east of the site, an explorstory tranch
was excavated across the building ped to determine If the discontinuous
stratigraphy was the result of past surfacs fault rupture. -The 40m long trench was
excavated 12m deep Inlo Plaistacene Lake Bonnevilla sediments and revealed a
siity clay lens interfingaring with silty clay and gravel deposits. Na evidenoe of
faulting or liquefaction was observed, the conlacts appeered to be depcsitional.
No surface fault rupture-related constraints were recommended.
Conducted surface fault rupture hazards evaluation for a proposed Sali Lake
County Fire Station near the mouth of Little Cottonwood Canyon. Determined the
location of the active Wasalch Fault In the vicinity of the slle and provided
racommendations to the structural enginesr and architect for selsmic design
values for this critical structure. An aexploratory trench 71.5m in length wae
excavated across the site to Investigate ihe presence of recent faull activity.
Recommendations were provided for earthquake ground shaking accalsration,
ground tilting and deformation, surface fault rupture, and other geologic hazarde.

An sarthquake probability analysis wae prepared and recommendations for @ risls..

assessment of the structure were provided,

« 355



MAR-B3-2885 11:96 am EARTHTEC ENG. 8013999842

CRAIG V. NELSON, C.E.G., R.G., page 4

Project manager for a faull study conductad on a steep hillside ot (suspected fautt
scarp) in a subdivision approved in the mid 1870's before the Natural Hazards
Ordinance prohibled placing structures over acfive faults. A 14.6m long, 5.2m

+ deep trench was excavaled inlo Pleislocense Lake Bonneville deposils. Three

faults displacing sediment layers dated at 16,000-18,000 years old were logged.
Recommandations ware provided for sliing the structure fo avoid fulure surface
fault rupture.

Served as project manager and principal geologist for a fault hazard analysis for
proposed development located on 40 acres sireddiing a wide graben lacated within
the active Wasatch Faull Zone. Project goals project were to delermine the
potential buildable areas in Ihis geologically complex parcel. Prepared a detalied
aerlal photo-based fault and surficial geclogy map. Three perallel exploratory
trenches wena excavaled acrass the site parpendicular to the trend of the faults for
a total distance of 733m. A detalled fault map was created based on the fault
locations observed In the trenches and air photos. Other geologic hazards were
also addressed including: rockfall, debris flow and set-back from steep siopes.
Conducted a fauit investigation for a subdivision approved in the mid-1870's based
on work performed by another consultant. The County Geclogist questioned the
previous work because no subsurface exploration was parformed {0 accuralsly

- locate the faults. A 22m jong exploratory trench was excavated through about

Geol

2,6m of Holocane fill and alluvium into Pleislocane sediments. No evidence of
faulting was observed, however deformation at the east end of the trench (at the
base of the suspected 16m high fault scarp) displayed evidence of drag
deformation. A siope stabliity analysis wes performed to determine an appropriate
bullding eet-back distance from the base of the alopa, should the slope fall during a
ruplura avant.

This fault study wae prepared for a large addition to en Industrial building located
about 100m northeast of the Granger Faull in the Wes{ Valley Fault Zone.
Because of the shallow groundwaler (sbout 1.5m) and the amount of fill on the site
It was doubtful that any meaningful Information would be galned from exploratory
trenching. Given these faciors and the distance from the proposad structure to the
surficlal expresslon of the scarp in the air photo mapping, | was successful In
lobbying for developmant of the site without subsurface expioration.

oglc Hazards - Comprehensive

Conducied numercus surface fault rupture hazard Investigations for a varlety of
public and private siructures and subdivisions.

Conducted geologic hazard assesamenis and geoselsmic evalusiions for 8 many
public facilities, residentlal subdivisions, dams, highways, and industrial facililies.
Co-suthor of Salt Lake County's Nsiursl Hazarde Ordinance, which required
developers lo conduct special studies to address soil liquefaction and surface fault
ruptura in potential hazard aress.

Project geologist on over twenly mining engineering projecis including: highwail
slopa siability analysis; subsidence evaluation; pllot shaft avaluation; portal and
main eniry stability analyses; ground conirol assessment, and geolachnical
loggingfiesting studles. '

Environmental 8lte Assesaments

Direcled, reviewed or conducted numerous Phase | Environmental Sile

Assesements for a variety of commercial and indusirial facllities throughout the
U.S., Ireiend, Scotland, Great Britain, and Singapore.
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Gnolqlc Hazards - Debris Flow/8adiment Yield
Evaluation of debris flow potenitial and recommendations for emergency watershed
protection foilowing lho September 1888 Affleck Park wild fire which burned over
5800 acras (22.7 km®) across several drainages In “suburbanized” Emigration
Canyon, Utah. Analysie of the burned dralnage Indicated a 700 percent Increase
in potential sediment yleld over the pre-fire conditions. Based on the
recommendations of this study an emergency walershed resloration project was
initisted lo help mitigate erosion hazards. Erosion control structures consisting of
24 gabion baskets and 84 wire silt fances were installed across the upland slopes
and a debris basin was constructed af the base of one major intermittent channel.
The following spring a localized, Intense rain storm (estimated to be in excess of
the 100 ysar event) lriggered a large mabilization of sediment acrose & portion of
the not-yet-revegetaied burn area. Siit fences and gabione helped collect
sediment and reduce peak debrla flow volumas (although the force of the flows
foppled several of the geblon structures). Two homes nesr the base of one
drainage sufiered some mud-related bagsement damage. The debris-basin
protected drainage was not Impacted by the localized storm. Estimates of the
debris generated closely maiched the predicied sediment yield for a post-fira
event,

. A 840! Pienned Unit Development (PUD) located within a steep drainage on the
northern slope of Mt. Olympus, near Salt Lake City, Ulah mey be subject to
periodic storm ficoding and debris flow deposition. The purpose of ihis study was
lo determine the risk to the propesed homes from these hazards and lo quantify
the flow rates for three scenarios: 1) runoff confined o pre-existing drainage
channels, 2) runoff as pure sheel flow, and 3) a combination of shestfiow and
channel flow. Runoff rates were calculated using the SCS runoff model for 24 hour
duration etorms with retum periods of 2, 10, and 24 years and precipitation of 45,
65, and 94mm respectively. Recommendatlons were provided for locating the
building pade and grading to minimize the risks from storm water and debris.

. An enginearing geology report was required the Pleasant View (Utah) City
Engineer prior tn development of an approximately 200-acre hliliside north of
Ogden, Utah. The eite was located near the apex of an acfive alluvial fan at the
mouth of an Intermittent stream drainage. City ordinance required that the runoff
from the 10-year storm be addressed. An analysis was performed on the drainage
basin to determine the channel size requirements for both the 10 and 100-year
storm and assoclated debris flow events. A probability risk assessment was also
provided to help characterize the large-scale debris flow raturn interval and relative
risk to the site.

v Conducted a debris fiow hazand asseasment for a proposed resldential subdivision
and golf course in Carbondale, Colorade. Developed a debris flow modal based
on evidence from prehistoric debris flows observed in alluvial fan lest pils and
evidence from a large historic debris floodflow. Provided recommendations for
hezard avoldance and reduction.

Grouudwmr Studies & Site Characterizations
Served as project manager for an environmental site assessment of property down
gradient from chamical leach ponds at a Salt Lake City chemical company.

. Managed and directed numerous environmental site characterizations to
datarmine extent and degree of soil and ground water contamination.

. Supervised UST remaval sampling and preparatlion of closure plans.

. Provided senior technical review and client liaison for soll vapor extraction system
in urban location, Sile reached target cleanup levels in 3 months,
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Profeesional
Hio_tory Principal Englneering Gaologlst, Western GeolLogic, Salt Lake City, UT (2001-present)

Profeasional .
Awards American Planning Assoclation, 7991 Award of Merit in recognition of achievement in
informatian technology made to the siate of Utah for the Earthquake Awareness and
Hazard Mitigation Video.
American Pianning Association: 1890 Award of Merit for development of Salt Lake
County’s Natural Hazards Ordinance,
U.S. Geological Survey: 1989 Certificate of Appreciation for Implementation of measures
to reduce losses due t0 earthquakes In Uish.
Professional
Affiliations Member, Rocky Mountain Assaciation of Enviranmental Professionals
Member, Assaciation of Enginsering Geologists
Member, National Ground Water Agsociation
Member, Geclogical Saclety of America
Member, Uieh Gaologic Associstion
Board Member, Utah Geological Survey Advisory Board, Board Chairman 2000-2001
Member, Salt Lake School Disirict Belemic Committee, (1868-1862)
Member, Geclogical Review Commitiee, Nuclear Repository Waste Siting Study,
Devie/Lavender Canyons, Utah (1982-1983) :
Cltizenship United Stales
Countries
Worked In United States, Canada, Jamaica
Language
Proficlency English
Partial List of Publicstions

Operations Menager, URS Corporation, Salt Lake City, UT (2000-2001)

Maneging Principal-in-Charge, Dames & Moora, Salt Lake City, UT (1887-2000)

Sr, Engr. Geologist - Geoscisnce Manager, Dames & Moore Salt Lake City, UT (1885-8T7)
Sr. Enginesring Geologist, Della Geotechnical Consultants, Sait Lake City, UT (1892-95)
County Geologist, Salt Lake County Public Works, Salt Lake City, UT (1985-82)
Teaching and Research Assistant, Utah State University, Logan, UT (1983-86)

Staff Engineering Geclogist, Seegmiller International, Sait Lake City, UT (1881-83)
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