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FINAL
PRELIMINARY GEOTECHNICAL ENGINEERING STUDY
EASTMONT AVENUE EXTENSION
DoOUGLAS COUNTY, WASHINGTON

1.0 INTRODUCTION AND SCOPE OF WORK

Shannon & Wilson, Inc. is pleased to present this preliminary geotechnical engineering report for
the proposed Eastmont Avenue Extension in Douglas County, Washington. Our scope of work
included drilling five borings at the proposed bridge crossing over Canyon B, two borings at deep
road cuts north of Canyon B, geophysical explorations at the bridge crossing, and a series of hand-

auger borings along proposed retaining wall alignments.

This report discusses our field explorations, laboratory testing, engineering analyses, and foundation

design recommendations.
2.0 SITE AND PROJECT DESCRIPTION

The proposed project consists of extending Eastmont Avenue approximately 2% miles from the
Highway 28/Highway 2 intersection (Sta. 0+00) to Badger Mountain Road (Sta. 119+50). The
alignment generally crosses a west facing slope below Fancher Heights. From Sta. 0+00 to
approximately Sta. 42450, the project will consist of a new roadway.

The road will cross Canyon B near Sta. 42+50 to 48+00 via a bridge. The bridge will cross near the
canyon mouth. At this point the canyon is approximately 600 feet wide and has a slight bend. The
southern, canyon wall along the outside of the bend is steeper than the northern wall with
approximately 1.9 horizontal to 1 vertical (1.9H:1V) inclinations. The northern slope is flatter with
approximately 2.2H:1V slopes or flatter. The topography indicates that the northern slope may
consist of an old landslide. However, we did not observe any indications of recent slope instability.

Preliminary plans indicate that the bridge will consist of four spans. The main span will be an
approximately 246-foot-long concrete arch. The side spans will be approximately 100 feet long.
Preliminary pier loads range from approximately 845 to 1080 kips per pier at the side spans to 4150
kip vertical loads and 3020 kip lateral loads at the main arch foundations. 'The bridge deck will be

approximately 45 feet wide.
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The preliminary bridge footing sizes and embedment depths are presented in the following table.

Pier Footing Size Embedment Depth (ft)
1 59.25 x 14 6
2 2-13x 13 14’
3 51" x20° 14’
4 517 x20° 14’
5 59.25" x 10° 4

The alignment between Canyon B and Badger Mountain Road will roughly follow the existing
detour route. The existing roadway will be regraded and widened. The widening will require
installing retaining walls. A maximum 7-foot high MSE wall will be constructed between
approximately Sta. 74+00 to 107+50. This MSE wall will be constructed on an approximately
2H:1V slope and retain fill soils.

An approximately 5-foot high wall will be constructed along a cut between Sta. 107+50 to 113+75.
Original plans indicated that a higher, soldier pile wall would be required in this area, however, the
road grades were raised and the propose cut reduced.

The existing MSE wall at Sta. 116+25 will be extended to approximately Sta. 113+75. This
existing wall has a maximum 28-foot height. This taller wall will be located above the proposed

infiltration pond.
3.0 FIELD EXPLORATIONS

The field exploration program consisted of five exploratory borings near the proposed bridge piers,
two borings on the road alignment north of Canyon B, a geophysical survey at the proposed bridge,
and 13, shallow hand-auger borings along the proposed retaining wall alignment.

3.1 Drilled Borings

Environmental West Exploration (EWE) of Spokane, Washington drilled the borings under
subcontract to Shannon & Wilson, Inc. with a truck-mounted drill rig. EWE advanced the five
borings (B-1 through B-5) at the bridge site using a Mobile B-80 drill rig in April 2007. The
borings extended 31%: to 81 feet below existing grades. EWE advanced the two road alignment
borings (3-13 and B-14) on November 1 and 2, 2007 using a Mobile B-90 drill rig. All the borings

used air rotary drilling methods.

A Shannon & Wilson engincer coordinated and observed the drilling, collected representative soil
samples, and prepared ficld boring logs. The Site and Exploration Plan (Figure 2) shows the

approximate boring locations. The boring logs are presented in Appendix A.

[\
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We obtained disturbed samples at approximately 2.5-foot intervals in the upper 20 feet using the
Standard Penetration Test (ASTM D 1586) method. Below 20 feet, we sampled at 5-foot intervals.
The Standard Penetration Test (SPT) consists of driving a 2-inch outside diameter split-spoon
sampler 18 inches into the soil beneath the casing with a 140-pound hammer, free-falling 30 inches.
The number of blows required to advance the split-spoon through each 6-inch increment is
recorded. The SPT resistance, or N-value, is defined as the number of blows required to drive the
sampler from 6 to 18 inches below the casing. The SPT N-value is reported as the number of blows
per one foot of penetration. When 50 blows were required for 6 inches or less of penetration, the
test was stopped, and the number of blows with the corresponding penetration were recorded. The
SPT N-value provides an indication of the relative density or consistency of the soil and is plotted

on the boring logs located in Appendix A.

The SPT N-values provide a means for evaluating the relative density or compactness of cohesion-
less (granular) soils and the relative consistency or stiffness of cohesive (fine-grained) soils. The
terminology used to describe the relative density or compactness of the soils is listed in the

following table.

-SOIL DENSITY AND CONSISTENCY TERMINOLOGY
Cohesionless (granular) Soils Cohesive (clayey) Soils
Relative Penetration Resistance Relative Penetrati esistance
Density (blows per foot) Consistency (blows per foot)
Very Loose Under 4 Very Soft Under 2
Loose 4-10 Soft 2-4
Medium Dense 1030 Medium Stiff 4-8
Dense 30 -50 Suff 8-15
Very Stiff 15-30
Very Dense Over 50 Hard Over 30

We estimated the strata boundaries in the field based on the drilling progress and the SPT samples.
The subsurface conditions are known only at the boring locations on the date explored and should
be considered approximate. Actual subsurface conditions may vary between borings.

3.2 Hand-Auger Borings

We excavated 13, shallow hand-auger borings along the proposed retaining wall alignments. We
advanced the borings using a 3%-inch diameter auger.  Our geotechnical engineer observed the
excavations, obtained representative soil samples. and prepared logs. We evaluated the relative soil
density using a dynamic mini-cone penctrometer. 'The mini-conce usces a slide hammer to drive a
conical tip into the soil. The number of hammer blows required to drive the cone 1¥i-inch

increments is roughly equivalent to a Standard Penetration Test (SP'I) blow count. The blows-per-

e}
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increment provides an indication of the relative soil density. We recorded the blow counts on the

logs. The hand-auger boring logs are presented in Appendix B.
33 Geophysical Explorations

Apollo Geophysics, under subcontract with Shannon & Wilson, Inc., conducted a geophysical
exploration along the proposed bridge alignment. Apollo conducted seismic refraction and shear
wave surveys between November 13 and 16, 2007. They conducted the surveys along seven lines,
two lines along the bridge center line and a perpendicular line at each bridge pier. A copy of
Apollo’s report, presenting the geophysical results, is attached in Appendix C.

4.0 LABORATORY TESTING

Laboratory testing consisted of moisture content, Atterberg Limits, and grain size distributions on

representative samples. Appendix D presents the laboratory test results.

5.0 SUBSURFACE CONDITIONS

5.1 Geology

The Geologic Map of the Wenatchee 1:100,000 Quadrangle Washington (USGS Map [-1311) maps
three main deposits along the alignment: Wenatchee Formation (Tw), Talus Deposits (Qt), Eolian
Deposits (Qe). Several outcrops of Chumstick Formation (Tc¢) are mapped near the mouth of

Canyon B.

The Wenatchee Formation (Tw), located near the Highway 28/2 intersection, is described as bluish-
gray, shale and siltstone with interbeds of sandstone. The Talus Deposits (Qt) occurring along the
face of the slope over most of the alignment, arc described as loose, angular, locally derived from
steep slopes. The Eolian Deposits occur near Badger Mountain Road and consist of loose, well-
sorted medium sand. The Chumstick Formation outcrops include sandstone, shale, and

conglomerate.

The nearest mapped fault occurs approximately one mile west of the alignment. The fault has a
northwest to southeast trend and crosses the Columbia River in the vicinity of the Highway 2

Columbia River Bridge.
5.2 Explorations
5.2.1 Canyon B Bridge

The explorations at the bridge site generally encountered two different soil profiles. Borings
B-1 through B-4 (Piers 2 through 5) encountered 5 to 15 feet of loose to medium-dense, silty sand
overlying dense to very dense, silty sand with some clay. The dense to very dense silty sand soils
extended to the maximum exploration depth.
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Boring B-5, near the proposed Pier 1, generally encountered silty, fine grained sand. The
upper 30 feet is loose material with SPT blow counts ranging from 3 to 9 bpf and averaging
approximately 6 bpf. From 30 to 58 feet, the sand grades medium-dense with the blow counts
averaging approximately 17 bpf. Dense to very dense, white/brown silt and sand soils underlie the
medium-dense silty sand. The dense to very dense silt and sand soils extend to the maximum

exploration depth, 66% feet.

The geophysical explorations indicate a protile similar to the soil conditions encountered in

the borings.

Figure 3 present a cross section profile along the bridge alignment. The profile is based on

the conditions exposed in the borings and the geophysical data.
5.2.2 Retaining Wall Alignment

The hand-auger borings along the retaining wall alignment encountered loose to medium-
dense sand soils to the maximum explored depth. The borings along the wall alignment between
Sta. 74+00 to 107+50 encountered 3 to 11 feet of existing fill material on the downslope side of the
roadway. The fill material is similar to the native soils and difficult to distinguish from the native

soils.
5.2.3 Road Alignment

Two borings (B-13 and B-14) were drilled north of Canyon B in the area of proposed deep
cuts. Boring B-13, located near Sta. 4+00, encountered approximately 25 feet of loose to medium-
dense silty sand soils. The sand soils graded dense to very dense from 25 feet to the maximum

exploration depth 31 feet.

Boring B-14, located near Sta. 32+00, encountered approximately 35 feet of loose to
medium-dense, silty sand with trace gravel. The boring encountered hard, silty clay soils from 35

feet to the maximum exploration depth, 46' feet.

5.3 Groundwater

The explorations did not encounter groundwater. Based on well logs in the area we anticipate that
groundwater occurs greater than 50 feet below the alignment. However, we anticipate that some

perched groundwater seepage zones may be encountered.
6.0 CONCLUSIONS AND RECOMMENDATIONS
6.1 General

The explorations generally encountered sand soils along the proposed bridge and retaining wall

alignment. Deep deposits of medium-dense sand underlie the Pier | area at the Canyon B crossing.
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Relatively shallow, dense to very dense sand soils underlic the remaining four picr arcas. The hand-
auger explorations encountered medium-dense sand soils at the retaining wall locations between

(‘anyon B and Badger Mountain Road.

We anticipate that the bridge piers can be supported on conventional foundations bearing on the
medium-dense sand at Pier 1 or the dense to very densce sand at Piers 2 through 5. FHowever, if the
estimated settlements are excessive at Pier 1, deep foundations may be required at that pier. Based
on the exploration data and the preliminary footing elevations, we anticipate that the assumed
subgrade soils will be exposed 1n the proposed excavations. However, because the footings are
skewed {rom the slope face, the western end of Pier 5 may daylight or not expose the denser soils.
We anticipate that Pier 5 may require an overexcavation or deepening. Picr 5 may also require
deepening as a result of proposed excavations for Pier 4. Deepening of the footing is discussed in

further detail in the Foundation section of this report.

The following sections present carthwork, embankment, retaining wall, footing, driven piles. and

stormwater infiltration recommendations.

6.2 Farthwork

The existing structures and organic material must be stripped from foundation arcas and areas
receiving structural fill. IEmbankment fill and back{ill should be placed in accordance with
Washington State Department of ‘Transportation (WSDO'T) Standard Specifications (M41-10)
Method C.

Prior to placing the new fill, the existing slopes should be benched in accordance with WSDOT
Section 2-03.3(14).

Utility trenching should be accomplished in accordance with Washington State Department of
Transportation (WSDOT)/American Public Works Association (APWA) Standard Specifications.
Based on our explorations, we anticipate that conventional excavation equipment can accomplish
the proposed excavations. Ulility trenches should be backlilled using structural fill. A minimum 2-
foot of backfill should be placed over the utility before compacting with heavy compactors to

prevent damage.

Based on the borings and the geophysical data, we anticipate that the soils can be generally
excavated using conventional equipment. llowever, the geophysical data and rippability charts
nrepared by Caterpiller indicates that the deeper, “Bedrock™ material 1s marginally rippable using a
DO.
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6.3 Temporary Excavations/Slopes

In our opinion, OSHA Soil Type C best describes the loose to medium-dense sand soils existing
soils at the site. Type C soils may have maximum temporary slopes of 1.5 Horizontal to 1 Vertical
(1.5H:1V). The dense to very dense, silty sand encountered in the borings may be described as
Type B soils. Type B soils may have maximum temporary 1H:1V slopes.

Permanent cut and fill slopes should be constructed with inclinations no steeper than 2H:1V and
must be protected from both wind and water erosion. Erosion protection may consist of a vegetative
cover or a minimum 3 inches of coarse concrete aggregate conforming to the requirements of
WSDOT Specification 9-03.1(4) ¢, “Concrete Aggregate AASHTO Grading No. 57.”

6.4 Shoring

The proposed excavation for Pier 4 may require the installation of temporary shoring. We anticipate
that the proposed shoring could consist of either soldier piles with tiebacks or a soil nail wall. The

following paragraphs discuss these two shoring types.
6.4.1 Soldier Piles and Tiebacks

A temporary soldier pile wall typically consists of steel H-pile sections with timber lagging
between the piles. We anticipate that a soldier pile wall will require several rows of tiebacks.

Figure 4 presents a recommended pressure diagram.

The soldier piles must be design to have adequate vertical capacity to resist the vertical
component of the tieback load. This vertical capacity may be developed by a combination of end-
bearing and fiction below the excavation base. For soldier piles spaced a minimum 2.5 pile
diameters apart, we recommend an ultimate 50 ksf end-bearing resistance and an ultimate 2 kst side
friction. The soldier pile should be embedded a minimum 10 feet below the excavation base.

Lagging will be necessary to prevent caving between the soldier piles. Lagging may be
designed for 50 percent of the lateral soil pressures. Any voids behind the lagging should be
backfilled with a permeable granular material that does not allow the buildup of hydrostatic
pressure. The excavation heights should not exceed 5 feet before placing lagging.

The anchor portion of the tichack should be placed behind the *No Load™ zone shown on
Figure 4. The ticback sclection and installation method should be the contractor’s responsibility.
The actual tichack adhesion value will depend on the ticback type and stallation method and
should be confirmed by testing. For preliminary design, we recommend a presumptive 2 kst ticback

bond stress.
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6.4.2 Soil Nail Walls

An alternative shoring method consists of soil nailing. Soil nailing reinforees and
strengthens the existing soils by installing closely spaced, “nails” into the cxcavation face as
construction proceeds from the top down. Following the installation of a nail row, the excavation
face 1s covered with a reinforced shoterete facing. The nails are secured to the shoterete using a
steel plate. Once the nail grout achieves strength, the excavation continues and additional nail rows

arc mstalled.

The reinforced zone helps support the unreinforced ground behind the nails. The nails are
not tensioned and are therefore a passive system. ‘The nails become tensioned as the adjacent soil

deforms.

We recommend using the following soil design parameters for preliminary wall design.

Soil Umit Weight 125 pef
Friction Angle 38 degrees
Cohesion 100 psf
Nail Unit Shaft Ultimate Resistance 2 kst

‘The nail shaft resistance will depend on the nail type and contractor’s installation methods.

The shaft resistance should be verified in the field.

Shannon & Wilson, Inc. can assist your structural engineer in preparing a complete set of
soil nail wall design drawings and construction specifications. Alternatively, the shoring contractor

could design the wall as a design build.
0.5 Earthquake Engincering
6.5.1 Ground Motions

The U.S. Geological Survey (USGS) completed regional probabilistic ground motion
studies, which has subscquently been adopted by WSDO'T. The USGS maps indicate that for a
recurrence nterval of 475 years (10 percent probability m 50 years). the site PGA for bedrock is
0.106g. In our opinion. AASIHTO Soil Profile Type I with a corresponding site factor of 1.0 best

describes the subsurface conditions at the site.

The WSDO'T GDM Table 6-3 considers amplification factors for the peak bedrock
accelerations based on the site classes. We anticipate that the looser, overburden soils at the site
will tend to amplify the bedrock accelerations. Using the 0.106 bedrock acceleration and the factors
presented in the table. we assumed a ground surface acceleration of 0.13¢ for use in our pseudostatic

analyses of slope stability and lateral carth pressures.
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6.5.2 Earthquake Hazards

Earthquake induced geologic hazards that may affect a given site include landsliding, fault
rupture, settlement, and liquefaction with associated effects (loss of shear strength, bearing capacity
failures, loss of lateral support, ground oscillations, lateral spreading, etc.).

The geologic map does not identify any faults at the site; therefore, it is our opinion that the

risk of fault rupture is low.

Liquefaction may occur in loose, saturated, cohesionless soils when they are subjected to
earthquake ground motions. Relatively dense gravel underlies the bridge site, therefore it is our

opinion that the site is not susceptible to liquefaction.
6.6 Bridge Foundations
6.6.1 Conventional Foundations

Dense to very dense, silty, fine sand underlies Piers 2 through 5 at relatively shallow depths.
In our opinion, these piers can be supported on conventional foundations bearing on the dense to

very dense sand soils.

The borings indicate that deep deposits of medium-dense sand underlie Pier 1. Pier 1 may
be supported on conventional foundations bearing on the medium-dense sand soils provided that the
estimated settlements are within acceptable limits. If the estimated settlement is excessive, the pier

should be supported on deep foundations.

We analyzed the bearing capacity of footings placed on the medium-dense sand soils at Pier
1 and the dense to very dense sand soils at Piers 2 through 5. Our analysis assumed a minimum 2-
foot footing embedment and that the footing is placed on or adjacent to a maximum 2H:1V slope.
Figure 5 presents a plot of the ultimate bearing capacity versus footing width. Figures 6 and 7
present the estimated footing settlement for various footing sizes and widths.

The existing slope along Piers 4 and 5 is already near a 2H:1V inclination. Excavations to
construct the Pier 4 will steepen the slope below Pier 5. If the Pier 4 excavation is shored, the
shoring wall should be design for surcharge loads imposed by Pier 5. Alternatively, the Pier 5
footing should be deepened so that the footing lies below a 2H: TV line extended up from the base of

the Pier 4 excavation.
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The following table presents suggested soils properties based on correlations with the SPT
blow count and geophysical data, and typical values for the soil type.

Parameter Pier 1 Piers 2 -5
Soil Unit Weight, vy (pcf) 120 125
Friction Angle, ® 34 38
Active Earth Pressure Coefticient Ka 0.28 0.26
Passive Earth Pressure Coetticient Kp 3.54 3.85

(level backfill)

Parameter Pier 1 Piers 2 -5
Passive Pressure Cocefficient Kp 2H: 1V 1.35 1.45
slope away)

Seismic Earth Pressure Coefficient Kae 0.32 0.29
Sliding Coefficient, Tan o 0.35 0.35
Poisson’s Ratio v 0.3 0.39
Shear Modulus Gmax (kst) 1,400 11,200
G v=0.2 percent 250 2,000
G vy=0.02 percent 850 6,800

The following table presents suggested resistance factors for footing design.

Resistance Factor, ¢
Limit State Bearing Shear Resistance to Sliding | Passive Resistance to Sliding
Strength 0.45 0.80 0.50
Service 1.0 1.0 1.0
Extreme Event 0.9 0.9 0.9

6.6.2 Pile Foundations

Shannon & Wilson, Inc. developed a soil model for subsurface conditions at Pier 1 using the
soil information from boring B-5. We assumed that the soil profile ¢levations between the pier and
boring locations will be similar. We estimated pile capacities versus depth under static loading
conditions using the Nordlund method. The designer should use the results carefully, realizing that
the capacities are estimates and that subsurface conditions can vary from the conditions encountered

at our borings.

We assume that the piles will be driven from approximately elevation 11070 feet at the pier.
Our pile capacity analysis versus depth for 16 and 18-inch diameter pipe piles at the pier are
presented in Figures 8 through 9. The pipe pile capacity assumes a closed end. Because
overburden thickness, density, groundwater elevation, and our choice of soil parameters could vary,
pile order lengths should arbitrarily add at least 5 feet to the estimated lengths.
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We recommend a minimum 1057 feet tip elevation (dense silt and sand layer) and a
minimum 3 pile diameter, center-to-center spacing. The group efficiency factor for piles in
compression is 1.0 for the above pile spacing. We also recommend a minimum Y2-inch wall

thickness.

Washington State Department of Transportation (WSDOT) Geotechnical Design Manual

(GDM|M 406-03]) recommended resistance factors are presented in the following table:

Limit State Resistance Factor

Skin Friction, Qs End Bearing, Qp Uplift, Qup
Strength 0.45 0.45 0.30
Service 1.0 1.0
Extreme Event 1.0 1.0 0.80

The pile uplift capacity should be estimated using the skin fiction capacity presented on
Figures 8 through 9. The uplift capacity of the pile group is the lesser of the sum of individual pile
uplift resistance, or the uplift resistance of the pile group considered as a block. The resistance

factor for uplift as a block is 0.50.
Appendix E presents pile-driving considerations during construction.
6.6.3 Lateral Pile Resistance

The lateral load resistance of driven piles is a complex soil-structure interaction problem that
takes into account the stiffness of the shaft and the varying resistance of the soil as the shaft deflects
laterally. Once lateral loads and pile/shaft size are determined, additional analyses will be required
w0 cvaluate the lateral shaft resistance. The computer programs LPILE"™ (Reese and Wang, 1998)
or COM624 may be used to calculate the magnitude of deflection, moment, and shear along the

shaft. We can assist you with evaluating lateral pile capacities, if desired.
6.7 Abutment/Retaining Walls
6.7.1 Bridge Abutments

Lateral earth pressures will act on the back of the substructure and retaining walls. These
earth pressures will consist primarily of static earth pressures, although compactive earth pressures

and some dynamic loading may also impact the substructure.
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Bridge abutments should be designed using the earth pressure diagrams presented in the

WSDOT Brnidge Design Manual (BDM) Section 7.7.4.A. The following table presents suggested

soil design parameters.

Backfill Soil Retained Soil
Parameter Level 2H:1V Level 2H:1V
Backslope | Backslope Backslope Backslope

Unit Wty (pct) 130 130 125 125
Friction Angle ¢ (degrees) 36 36 30 30
Active Pressure Coefficient Ka 0.26 0.37 0.33 0.53
Passive Pressure Coefficient Kp 3.85 3.85 3.0 3.0
Scismic Earth Pressure Coeflicient A

Kae (k=0.065g) 0.29 0.44 0.37 0.70

The above parameters assume that WSDOT Gravel Borrow will be used for the backfill
material and Common Borrow for the retained embankment material.

Foundations of the bridge abutments should be designed in accordance with the bridge

foundation section of this report.
6.7.2 MSE Walls

We evaluated the global stability for a typical 10-foot high wall placed on the downslope,
2H:1V slope between approximately Sta. 74+00 to 107+50. We assumed that the reinforcement
length was equal to 0.8 times the wall height. WSDOT typically assumes a 1.5 safety factor is
adequate for long-term stability. Our analyses indicate that the proposed walls placed on the 2H:1V
slope must be embedded a minimum 4 feet below the adjacent grade, or the wall toe setback 8 feet
from the slope face to achieve a 1.5 safety factor. During a 500 year design earthquake (10 percent
exceedance in 50 years) the safety factor decreases to approximately 1.3. WSDOT indicates a
minimum 1.1 safety factor is required during seismic events.

We also evaluated the global stability for the proposed 28-foot high wall adjacent to the
south detention pond. We developed a cross-section of the proposed wall and pond based on the
profile presented on Section 2 of the 30 percent submittal Sheet C5. We assumed a 4-foot
embedment depth and a reinforcement length equal to 0.8 times the wall height. We also assumed a
groundwater elevation at 1031.5 feet. We evaluated the above profiled using the computer program
Stedwin. The results indicated that the proposed pond and wall configuration has a 1.5 safety factor
during static conditions. The safety factor decreases to 1.25 during a scismic event or rapid
drawdown.

Walls placed on level ground (walls on the upslope side of the road) may have a minimum
2.5-foot embedment. We understand an approximately 5-foot high wall will be constructed on the

22-1-02425-001
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upslope side of the road near Sta. 107+50. If property lines do not permit the temporary excavations
required to construct an MSE wall, we recommend considering constructing a gravity wall such as
an Ultra Block or cast-in-place wall.

Based on the soils encountered in the hand-auger borings, we recommend the following
parameters for preliminary design:

Retained Soil Found.atlon

Soil
Unit Weight (pcf) 110 110
Phi (degrees) 35 35
Active Pressure Coefficient Ka 0.27 0.27
Passsive Pressure Coefficient Kp 3.69 3.69
Seismic Earth Pressure 0.31 0.31]
Coefficient Kae (k= 0.065)

The ultimate (nominal) bearing capacity can be determined by the following equation:
Quitimate (PST) = 1650xB where B is the footing width in feet.
The above equation is plotted on Figure 10. Figure 11 present a plot of estimated settlement.

The wall backfill material should be specified by the wall designer so that it i1s suitable for
the particular wall system. If the on-site sand soils are used as backfill material, then the soil
parameters for the retained soils presented above may be used.

6.7.3 Drainage

Abutment and retaining wall backfill and drainage should be in accordance with WSDOT
Standard Plan D-4. The backfill material should comply with WSDOT Specification 9.03.12(2),
“Gravel Backfill for Walls.” A separation fabric conforming to the requirements of WSDOT
Specification 9-33.1, Table 3, “Geotextile for Separation” should be placed between the free-
draining backfill and the existing soils.

The backfill material should be placed and compacted in accordance with WSDOT
Specification 2-03.3(14)C Method C.

7.0 LIMITATIONS

The analyses, conclusions, and recommendations contained 1n this report are based upon site
conditions as they presently exist, and assume that the exploratory borings are representative of the
subsurface conditions under all portions of the proposed structure, i.e. the subsurface conditions are
not significantly different from those disclosed by the field explorations.

22-1-02425-001
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If subsurface conditions different from those encountered in the field explorations are observed or
appear to be present, during construction beneath the excavations or during pile installation, we
should be advised at once so that we can review these conditions and reconsider our recommen-
dations, where necessary. If there is a substantial lapse of time between the submission of this
report and the start of construction at the site, or if site conditions have changed (e.g. due to natural
lorces or construction at the site), we recommend that we review this report to determine the

applicability of the conclusions and recommendations concerning the changed conditions.

This report was prepared for the exclusive use of HDR Engineering, Inc. and their design team, in
the design and construction of the Eastmont Avenue Extension project in Douglas County.,
Washington. It should be made available to prospective contractors and/or the contractor for
information on factual data only, and not as a warranty of subsurface conditions included in this

report, such as those interpreted from the boring logs and discussions of subsurface conditions.

Unanticipated soil conditions are commonly encountered and cannot be fully determined by merely
taking soil samples from test borings. Such unexpected conditions frequently require that additional
expenditures be made to attain properly constructed projects. Therefore, some contingency fund is

recommended to accommodate such potential extra costs.

The scope of services did not include any environmental assessment or evaluation regarding the

p
presence or absence of wetlands or hazardous or toxic maternials in the soil, surface water,
groundwater, or air, on or below the site, or for the evaluation of disposal of contaminated soils or

groundwater, should any be encountered.

As an integral part of this report, we have prepared the attachment “Important Information About
Your Geotechnical Report,” (Appendix IF) to help you more clearly understand its use and

limitations.

SHANNON & WILSON, INC.

3

Lloyd J. Reitz, P.E.
Principal Engineer
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SOIL DESCRIPTION s 1 2. Standard Penetration Resistance
s |gl el 3 = (140 Ib. weight, 30-inch drop)
S s 5= § A Blows per foot
(@] @)
0 20 40 60
Loose, brown, SILT and fine-grained SAND :
(ML/SM), damp, non-plastic. 1l
2] o
~—
3 J }
: 10
Loose to medium dense, brown, well-graded 4 {
SAND (SW), dry. sl A R
Dense, brown, sitty SAND (SM/SW), dry to 6 : i
damp, slightly cemented. ! 30/5.5" &
S8 | 20 . ' A
59 | 50/5.5" &
T . . 0] 30 -
Dense, brown/gray/white/black, silty, clayey, i - 505" &
fine to medium grained SAND (SM/SP), dry to
damp. Varying embedded layers of silty, clay, g 50/5" 4
and sand throughout. £
3 40 o/5"
2loe 50/5" A
s 1B [ ’ k : J;
-4 | 50 50/4" A
5[ 50/4" 4
6] 60 50/3" A
a7 ] 50/5" A
8| 70 50/5" A
A9 o 50/5.5" &
. _ 815 207] g0 50/5.5" 4
Bottom of Boring '
Completed 04/05/2007
30
LEGEND 0 20 40 60
»  Sample Not Recovered ® % Water Content
| Standard Penetration Test Piastic imit l ‘__I Liquid | imit
Natural Water Content
LCastmont Avenue Extension
NOTES [ast Wenatchee, Washington
1 The boring was performed using hollow stem auger drlling methods
2 This stratification lines represent the approximate boundaries between soll types and
the transiton may bes gacdual
© e R . LOG OF BORING B-1
3 The discussion mn the text of this teport is necessary for a proper anderstanding of the
nature of the subsurface matenals
4 Groundwater level | if indicated above, 15 for the date specitied and may vary /\p[il 2007 22102425 001
5. Reter to KUY for explanation of symbols, codes and definitons .
6 USCS designalion s based on visual-manual clas ation and sclected lab testing §wA’N‘N‘9‘w %\rm!}:}g\cﬁ)‘m;’ul!‘wig- FIG_ A_"I
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SOIL DESCRIPTION T 5| 8 Ty I Standard Perjetratrlon_ Resistance
s = g ag £ (140 Ib. weight, 30-inch drop)
2 =g 5= & A Blows per foot
o |? o &
Q 20 40 60
Dense, brown/gray, silty, clayey, fine-grained
SAND (SM), damp. Varying layers of silt, A
sand, clay, and weak sand‘stone throughout. I
/ ¥ §
E 2
£ 50/5.5" 4
g 50/4" A
3 -
»
50/3.5" A
- 315 - 50/3.5" 4
Bottom of Boring
Completed 04/04/2007
40
50
60
70
80
90
0 20 40
LEGEND
*  Sample Not Recovered ® % Water Content
| Standard Penetration Test Plastic Limit I“*""""’{ Liguid Limit
Natural Water Content
Castmont Avenue Extension
NOTES f-ast Wenatchee, Washington
1. Fthe bormg was petformed using hollow stem auger drilling methods
+The stratification bnes represent the approximate boundaries between soil types, and
the: transtion nay be graduad
3 The discussion in the text of this report is necessary for a proper understanding of the LOG OF BORING B“2
nature of the substrtace matenals
4 Groundwater level if indicated ahover, s tor the date specified and may vary /\pl” 2007 22-1.02425-001
5 Reter to KEY for exphnation of synibols, codes and definitons
650 desigoation 1s hased on wsual-manial classhcation and selected lah testinng ks,',_,!ANN[C,)‘\r,\{ Il&\«\liwml'tll_;’sﬂ(’)w’ul!wtc FIG A-2
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SOIL DESCRIPTION th _8 » ‘g 5 LL Standard PenetratloqRes;stance
£ £ g 25 < (140 Ib. weight, 30-inch drop)
=13 5 & A Blows per foot
g9 8 0% &
4] 20 40 60,
Loose, brown/red/white, silty, clayey SAND
(SP-SM) with some gravel, damp, gravel is -1 | ‘A\
. . 5 B
approx. 1/2 in. diameter, (decomposed/weak 0 1 —— R
sedimentary rock). ss | 1 . T T
- e - 10
Dense, brown, silty, clayey, fine-grained s4. 118 A
. . . o "
SAND (SM/ML), damp. Varying layers of silty, ss | |E 50/5" A
2
sand, clay, and weak sand stone. 1is L 2 A
57 1|3 50/5" A
N 20 ....... S
561 50/3" 4
1 59 | 50/3" A
_ 315 (Hlig10] 30 50/4" 4
Bottom of Baring
Completed 04/03/2007
40
“u L L R e
60 |-
70
s 80
&
a
i
g 90
]
i
5
4 0 20 40 60
E LEGEND
z x  Sample Not Recovered ® % Water Content
o .
@ 1 Sstandard Penetration Test Plastic Limit | Liquid Limit
- —e- d L
& Natural Water Content
[
O
s}
)
@ :
- Eastmont Avenue Lxtension
o NOTES [Cast Wenatchee, Washington
‘y‘i 1 The boring was performed usng hollow stem auger dofling methorls
“,1;‘ 2 The stratification lines represent the approximate boundaries between soil types, and
lgf the: transiion may be graduat L
’V‘I 3 The discussion i the text of this repoit s necessary for a proper understanding of the OG OF BORING B—3
, Z rature of the subsurface materials
‘3 4 Groundwater fevel findicated above i for the diate specified and may vary /\[)l|| 2007 22-1-02425.001
Y 5. Refer to KLY for explanation of symbols, codes and definitions
LE
s G USGH designalion s hased on visualmanual elassification and selected lab testing SI‘—:{\)NN‘?B{ ﬁ‘;}ﬂ{llhﬁg!‘\lhg(ﬁc FIG A_3
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SOIL DESCRIPTION T 5|2 oo L Standard Periletratlonl Resistance
£ | g g 3% & (140 Ib. weight, 30-inch drop)
2= g 52 & A Blows per foot
o w 17} O] 8
B il N R R 20 40 60
l.oose, brown, fine-grained SAND with some
SIL.T (SP). damp. z
o A
Dense, brown, silty, clayer fine-grained SAND e G
(SM), damp. Clay has seme organics and 50/5" A
white trace minerals. gt 50/5" A
p 20 5004 5" 4
s 50/2" 4
3]
B
= 30 .
Dense, brown/gray/white, silty, clayer;SAND 50/1" 4
(SP-SM), damp. Varying layers of silty clay,
and sand throughout y N
40 50/3" 4
50/4" &
S » 50 50/5" &
Bottom of Boring
Completed 04/03/2007
60
70
80
a0
e s S— 56 . 404__ 60
LEGEND
«  Sample Not Recovered @® % Water Content
| Standard Penetration Test Piastic Limit I _______ - Liquid Limit
Natural Water Content
Eastmont Avenue Extension
NOTES East Wenatchee, Washington
1 The bornmg was performed using hollow stem auger drifhng methods
2. The stratification lines represent the approximate boundaries between soil types, and
the transition may be gradual. LOG OF BORING B 4
3 The discussion in the text of this report is necessary for a proper understanding of the
nature of the subsurface matenals.
4 Groundwater levet, if indicated above, is for the date specified and may vary April 2007 22-1-02425-001
4 Refer to KEY for expianation of symbols, codes and definitions
G USCS designation 1s hased un visual manual classification and selected Inb testing (Sﬁﬂﬁm‘rjq‘m %‘rw‘“l—msmo\(ﬂ{”!?ﬂyc F[G A_4
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SOIL DESCRIPTION T |5 8 R Standard Perjetrat‘eon‘ Resistance
£ £ E. 35 £ (140 Ib. weight, 30-inch drop)
S la| @ 5= & A Blows per foot
) v O
i Q 20 40 60
lLoose, brown, fine-grained SAND (SP) with
some silt, damp
«
10 *
125 ‘
Loose, brown, well-graded, angular SAND
(SW), dry. . i
20
‘\
s |
k3
k] 30
2
B3
o
z
40
50
— . 58.0 T
Dense, white/brown, SILT and SAND {ML/SM) 60 ! S —
with trace gravel, dry, gravel is anguliar, 4
approx. 2 to 1 in. diameter.
o o
-1 66.5 50/5" 4
70 L
b 80
8
o
@
N 90
)
g
5
b
B
0 20 40 60
LEGEND
z +  Sample Not Recovered @ % Water Content
r -
0 | Standard Penetration Test Plastic Limit |- @ Liquid Limit
5 Natural Water Content
12}
O]
S
g -
Z Eastmont Avenue Extension
o ree .
2 NQTES East Wenaichee, Washington
:;3 1 ihe bonng was performed using hellow stemn auger dofling methods
:},: 2. The stratification lines represent the approximate boundaries between soil types, and
& the transition may be gradual. LOG
§ 3. The discussion in the text of this report is necessary for a proper understanding of the OF BORING B-S
o~ nature of the subsurface materials.
23) 4 Groundwater level,  indicaled above, is for the date specified and may vary Apl’” 2007 22-1-02425-001
o A Referto KEY for expianation of symbols, codes and definitions.
jL8)
; LSCS desianation is based sual mantal dasstioation and selected b (@S SHANNON & WILSON, INC.
w 6 USCYS designation is based on visual- manual classtication and selected lab testing ool fivieiole o TPl e it b FIG A_5
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SOIL DESCRIPTION [I: E E ‘8 5 ; Standard Perjetration. Resistance
£ £ g- 25 < (140 Ib. weight, 30-inch drop)
g lal = 55 8 A Blows per foot
QO n o)
0 20 40 50]
Loose to medium dense, brown, silty SAND
with frace to some gravel (SM), dry to damp,
gravel is subrounded, approx. 1 to 2 in.
diameter. T
5
10
3 15
s
z
20
Dense to very dense, brown, silty SAND (SM) 250 25
with some gravel, dry to damp. S . ) o
30
- 31.5
Bottom of Boring 31.5 ft.
No groundwater encountered.
35
40
45
LEGEND 0 20 40 60}
*  Sample Not Recovered @® % Water Content
L split Spoon Piastic Limit }—@— Liquid Limit
Natural Water Content
Eastmont Avenue Extension
NOTES Douglas County, Washington

-

. The boring was performed using hollow stem auger drilling methods.

™

The stratification lines represent the approximate boundaries between soil types, and
the transition may be gradual.

w

. The discussion in the text of this report is necessary for a proper understanding of the
nature of the subsurface materials.

s

. Groundwater level, if indicated above, is for the date specified and may vary.

&

. Refer to KEY for explanation of symbols, codes and definitions.

(2]

. USCS designation is based on visual-manual classification and selected lab testing.

LOG OF BORING B-13

January 2008 22-1-02425-001
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MASTER LOG2 22-1-02425-001 ADDITIONAL BORING LOGS B6 @14 4pPJ BenhRvil GOy Eklos

SOIL DESCRIPTION ol I - . i Standard Penetration Resistance
< | £ E § £ < (140 Ib. weight, 30-inch drop)
Sl 8| 55 & A Blows per foot
O w a
Q 20 40 60
Loose to medium dense, brown, silty SAND 1 N
with trace gravel (SM), dry to damp, gravel is
subrounded, approx. 1 to 3 in. diameter. T
5
-“.‘ S-1 j
:3'~:'s-2l ;
"o 10
3 /
;'f.‘ 13 15
S
oo 20
}':ssl f .
25 \

30 —

— _
. 35. 35
Hard, brown, silty CLAY (SML), damp, low 0 sAgl 505" A
plasticity. e _
40
svgl 50/5" &
45
s-mL A/
- 46.5
Bottom of Boring 46.5 ft.
No groundwater encountered.
LEGEND 0 20 40 60
*  Sample Not Recovered ® °% Water Content
L Split Spoon Plastic Limit |—@— Liquid Limit
Natural Water Content
Eastmont Avenue Extension
NOTES

N o

the transition may be gradual.

w

nature of the subsurface materials

[ S S

Refer to KEY for explanation of symbols, codes and definitions.

. The boring was performed using hollow stem auger drilling methods.

. The stratification lines represent the approximate boundaries between soil types, and
. The discussion in the text of this report is necessary for a proper understanding of the

Groundwater level, if indicated above, is for the date specified and may vary

. USCS designation is based on visual-manual classification and selected lab testing.

Douglas County, Washington

January 2008

LOG OF BORING B-14

22-1-02425-001

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants
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USCS_LEGEND 9/18/09

SOIL CLASSIFICATION CHART

MAJOR DIVISIONS SYMBOLS TYPICAL
GRAPH | LETTER DESCRIPTIONS
WELL-GRADED GRAVELS, GRAVEL -
CLEAN GW SAND MIXTURES, LITTLE OR NO
GRAVEL GRAVELS FINES
AND
GRAVELLY | (LITTLE ORNOFINES) GP | GRAVEL - SAND MIXTURES. LITTLE
SOILS OR NO FINES
COARSE SILTY GRAVELS, GRAVEL - SAND -
GRAVELS WITH GM SILT MIXTURES
GRAINED MORE THAN 50% FINES
SOILS OF COARSE
FRACTION
RETAINED ON NO. |[(APPRECIABLE AMOUNT] GC CLAYEY GRAVELS, GRAVEL - SAND -
4 SIEVE OF FINES) CLAY MIXTURES
sSW WELL-GRADED SANDS, GRAVELLY
CLEAN SANDS SANDS, LITTLE OR NO FINES
MORE THAN 50% SAND
(1]
OF MATERIAL IS AND (LITTLE OR NO FINES) K Sp POORLY-GRADED SANDS,
LARGER THAN NO. SANDY GRAVELLY SAND, LITTLE OR NO
200 SIEVE SIZE SOILS FINES
MORE THAN 50% SANDS WITH SM ,\SA'&TTL?{AE';DS’ SAND - SILT
OF COARSE FINES
FRACTION ) 7
gﬁzs\‘,sE'NG ONNO. 4 (APPRECIABLE AMOUNTA// e CLAYEY SANDS, SAND - CLAY
OF FINES) 1 MIXTURES
INORGANIC SILTS AND VERY FINE
ML SANDS, ROCK FLOUR, SILTY OR
CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY
INORGANIC CLAYS OF LOW TO
SILTS CL MEDIUM PLASTICITY, GRAVELLY
AND LIQUID LIMIT CLAYS, SANDY CLAYS, SILTY CLAYS,
FINE
LESS THAN 50 LEAN GLAYS
GRAINED CLAYS Az
SOILS - oL ORGANIC SILTS AND ORGANIC
- T SILTY CLAYS OF LOW PLASTICITY
INORGANIC SILTS, MICACEOUS OR
MH DIATOMACEOUS FINE SAND OR
OF MATERIAL IS
SMALLER THAN /
NO. 200 SIEVE SIZE SILTS LIQUID LIMIT / CH INORGANIC CLAYS OF HIGH
AND GREATER THAN 50 / PLASTICITY
CLAYS 7/
////// OH ORGANIC CLAYS OF MEDIUM TO
//// HIGH PLASTICITY, ORGANIC SILTS
PEAT, HUMUS, SWAMP SOILS WITH
HIGHLY ORGANIC SOILS PT HIGH ORGANIC CONTENTS

NOTE: DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS
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EXPLORATORY HAND AUGER BORING LOGS

120245 001 Fastmont Extension Prebmimary Goo Final do 22" ] —()2425—()() I



TEST PIT_LOG 22-1-02425-001 TEST PITS.GPJ SHAN_WIL.GDT 1/18/10 Fid: LLA Int: LR Chk: CVM

— 9 —
SOIL PROFILE DESCRIPTION  |0€ 5| 8 | = |5 |sLowcounts | € SKETCH OF TEST PIT SIDE WALL
8B|E| E| 22 |3E|ASTMSTP399 | B Horizontal Distance in Feet
[ = [
8|5 B3 |28 |62 a |o 2 4 6 8 10
1:Loose, brown, silty, fine grained SAND | iael (||
(SM); damp/dry.
o1 R N P @)
3
el
[
A4, 9
4.0 _,_-_ S-2 S |ls7ze | e e
2: Medium dense, brown, fine grained SAND S|
with some silt (SP); moist. ]
g .............................................
8-15-12 6 @
S-4 1012 | e
8.5 A L [ [ s O
Bottom of Hand Auger at 8.5 ft. 9
No groundwater encountered.
Test Pit performed near top of slopelocated | | | | | | | |- e s e
east of road.
12
P R e N I
Eastmont Avenue Extension
NOTES LEGEND East Wenatchee Washinat
1. The description in the text of this report is necessary for a proper understanding of the ast VWwenaichee, VVashingion
nature of the subsurface materials. Q/ Roots
- 2. Refer to Soil Classification and Log Key for explanation of "Symbols" and Definitions. 9 Seepage LOG OF HAND AUGER HA-1
a 3. USCS designation is based on visual-manual classification.
. ‘ Cobble or Boulder
W 4. Blow counts from ASTM STP 399 (mini-cone penetrometer) are not summed as with January 2010 22-1-02425-001
SPT blow counts; each 1-3/4-inch increment blow count is roughly equivalent to a 12-inch
EN SPT blow count. gy ed 0% Log SHANNON & WILSON, INC. FIG. B1
Geotechnical and Environmental Consultants "




TEST_PIT_LOG 22-1-02425-001 TEST PITS.GPJ SHAN_WIL.GDT 1/18/10 Fid: LLA Int: LUR  Chk:CVM
— 9 —
SOIL PROFILE DESCRIPTION  |0€ 5| 8 | = |5 |sLowcounts | € SKETCH OF TEST PIT SIDE WALL
8B|E| E| 22 |3E|ASTMSTP399 | B Horizontal Distance in Feet
8|3 & | =8 |62 S |o 2 4 6 10
1: Medium dense, brown, fine grained SAND ot T e e N A RN DR
with some silt (SP); damp/dry.
a1015 | |
3
w0 |l
o | s e e
I
S| e~ e e
g 1
8 | a0 6 0
=
I S L O
k]
< 1 N [
w025 |l
9
910415 | | e e e e e e
115 ....................................
2: Medium dense, brown, silty, fine grained 120 12 (2)
SAND (SM); damp. :
Botomof Hand Auger 127t || | | | || | e
NO groundwater encountered .............................................
P R e N I
NOTES LEGEND Eastmont Avenue Extension
1. The description in the text of this report is necessary for a proper understanding of the East Wenatchee, Washington
nature of the subsurface materials. Q/ Roots
- 2. Refer to Soil Classification and Log Key for explanation of "Symbols" and Definitions. 9 Seepage LOG OF HAND AUGER HA-2
a 3. USCS designation is based on visual-manual classification.
. ‘ Cobble or Boulder
W 4. Blow counts from ASTM STP 399 (mini-cone penetrometer) are not summed as with January 2010 22-1-02425-001
1 SPT blow counts; each 1-3/4-inch increment blow count is roughly equivalent to a 12-inch
N SPT blow count. e = = SHANNON & WILSON, INC. | FIG. B-2
Geotechnical and Environmental Consultants "




TEST_PIT_LOG 22-1-02425-001 TEST PITS.GPJ SHAN_WIL.GDT 1/18/10 Fid: LLA Int: LUR  Chk:CVM
— 9 —
SOIL PROFILE DESCRIPTION  |0€ 5| 8 | = |5 |sLowcounts | € SKETCH OF TEST PIT SIDE WALL
so|E| E| & 2 | 38| ASTMSTP 399 g Horizontal Distance in Feet
8|5 B3 |28 |62 a |o 2 4 6 8 10
1: Medium dense to dense, brown, silty, fine 35 e A RN IR
grained SAND (SM); damp/dry.
P T T A e
3 3
s | e
c
3
S low | |l @)
I S L O
k]
< 1 N [
35 6
8.0 aabs s e
Bottom of Hand Auger8ft. | (|
No groundwater encountered.
9
12
P R e N I
Eastmont Avenue Extension
NOTES LEGEND East Wenatchee Washinat
1. The description in the text of this report is necessary for a proper understanding of the ast VWwenaichee, VVashingion
nature of the subsurface materials. Q/ Roots
- 2. Refer to Soil Classification and Log Key for explanation of "Symbols" and Definitions. 9 Seepage LOG OF HAND AUGER HA-3
a 3. USCS designation is based on visual-manual classification.
. ‘ Cobble or Boulder
W 4. Blow counts from ASTM STP 399 (mini-cone penetrometer) are not summed as with January 2010 22-1-02425-001
1 SPT blow counts; each 1-3/4-inch increment blow count is roughly equivalent to a 12-inch
& SPT blow count. e = = SHANNON & WILSON, INC. | F|G. B-3
Geotechnical and Environmental Consultants "




TEST_PIT_LOG 22-1-02425-001 TEST PITS.GPJ SHAN_WIL.GDT 1/18/10 Fid: LLA Int: LUR  Chk:CVM
— 9 —
SOIL PROFILE DESCRIPTION  |0€ 5| 8 | = |5 |sLowcounts | € SKETCH OF TEST PIT SIDE WALL
8B|E| E| 22 |3E|ASTMSTP399 | B Horizontal Distance in Feet
8|3 & | =8 |62 S |o 2 6 10
1: Medium dense, brown, silty SAND (SM); | pisel (| |
dampl/dry. @
2.0 .";_'o_-_ 10416419 | e e
2: Medium dense, brown/gray, well graded R P A @ R O
SAND (SW); damp/dry. Solo
3.0 [FrH 3
3: Medium dense to dense, brown SILT and ML @ R O
fine grained SAND (SM/ML); damp/dry;
non_p|astic_ 40 HH 192533 || e e e e
4: Medium dense to dense‘ brOWn, S|Ity, fine ............................................
grained SAND (SM); damprdry. s |
s |l
c
g 6
Layers of coarse SAND (approx. 6-inch tick) S
over 6-8 feet deep. 3
< 1 N [
S (P @
9
12,0 [H4] 12
Bottom of Hand Auger 12ft. | (|
No groundwater encountered.
P R e N I
NOTES LEGEND Eastmont Avenue Extension
1. The description in the text of this report is necessary for a proper understanding of the East Wenatchee, Washington
nature of the subsurface materials. Q/ Roots
- 2. Refer to Soil Classification and Log Key for explanation of "Symbols" and Definitions. 9 Seepage LOG OF HAND AUGER HA4
a 3. USCS designation is based on visual-manual classification.
. . Cobble or Boulder
W 4. Blow counts from ASTM STP 399 (mini-cone penetrometer) are not summed as with January 2010 22-1-02425-001
SPT blow counts; each 1-3/4-inch increment blow count is roughly equivalent to a 12-inch
& SPT blow count. e 0% Log SHANNON & WILSON, INC. FIG. B-4
Geotechnical and Environmental Consultants "




TEST_PIT_LOG 22-1-02425-001 TEST PITS.GPJ SHAN_WIL.GDT 1/18/10

Fld: LLA

Int: LR Chk: CYM

SOIL PROFILE DESCRIPTION

Average
Depth (ft)

Samples

Content (%)

Water

Ground
Water

BLOW COUNTS
ASTM STP 399

Depth (ft)

SKETCH OF TEST PIT SIDE WALL
Horizontal Distance in Feet

1: Medium dense, brown, silty, fine grained
SAND (SM); damp.

Moist from 4 to 4.5 ft.

- Symbol

8.0 aabs

Bottom of Hand Auger 8 ft. (Refusal on rock)
No groundwater encountered.

Not Encountered

15-22-24

12

15

G-9 'Old

SPT blow count.

NOTES

3. USCS designation is based on visual-manual classification.

1. The description in the text of this report is necessary for a proper understanding of the
nature of the subsurface materials.

2. Refer to Soil Classification and Log Key for explanation of "Symbols" and Definitions.

4. Blow counts from ASTM STP 399 (mini-cone penetrometer) are not summed as with
SPT blow counts; each 1-3/4-inch increment blow count is roughly equivalent to a 12-inch

LEGEND

Roots

Log

Seepage

Cobble or Boulder

Eastmont Avenue Extension
East Wenatchee, Washington

LOG OF HAND AUGER HA-5

January 2010

22-1-02425-001

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants

FIG. B-5




TEST_PIT_LOG 22-1-02425-001 TEST PITS.GPJ SHAN_WIL.GDT 1/18/10

Fld: LLA

Int: LR Chk: CYM

SOIL PROFILE DESCRIPTION

Average
Depth (ft)

Samples

Content (%)

Water

Ground
Water

BLOW COUNTS
ASTM STP 399

Depth (ft)

SKETCH OF TEST PIT SIDE WALL
Horizontal Distance in Feet

1: Medium dense, brown, silty, fine grained
SAND (SM); damp/moist.

Damp/dry.

- Symbol

8.0 aabs

Bottom of Hand Auger 8 ft.
No groundwater encountered.

Not Encountered

15-19-24

12

15

9-9 'OId

SPT blow count.

NOTES

3. USCS designation is based on visual-manual classification.

1. The description in the text of this report is necessary for a proper understanding of the
nature of the subsurface materials.

2. Refer to Soil Classification and Log Key for explanation of "Symbols" and Definitions.

4. Blow counts from ASTM STP 399 (mini-cone penetrometer) are not summed as with
SPT blow counts; each 1-3/4-inch increment blow count is roughly equivalent to a 12-inch

LEGEND

Roots

Log

Seepage

Cobble or Boulder

Eastmont Avenue Extension
East Wenatchee, Washington

LOG OF HAND AUGER HA-6

January 2010

22-1-02425-001

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants

FIG. B-6




TEST_PIT_LOG 22-1-02425-001 TEST PITS.GPJ SHAN_WIL.GDT 1/18/10

Fld: LLA

Int: LR Chk: CYM

SKETCH OF TEST PIT SIDE WALL
Horizontal Distance in Feet

— 9 —
SOIL PROFILE DESCRIPTION  |0€ || ¢ | = |5 |siowcounts | €
solE| € %‘E g% ASTM STP 399 | &
8|a| 3 | 26 |62 a
1: Medium dense, brown, silty, fine grained 144
SAND (SM); damp/dry.
3
22-19-19
el
I
Q
c
3
8 6
=
L
k]
z
18-24-26
9
11.0
2: Medium dense, brown, silty, fine grained
SAND (SM); damp/dry; some organics T
(Native Soail?). 12.0 (= 12
Bottom of Hand Auger 12 ft.
No groundwater encountered.
15
NOTES
1. The description in the text of this report is necessary for a proper understanding of the
nature of the subsurface materials.
- 2. Refer to Soil Classification and Log Key for explanation of "Symbols" and Definitions.
a 3. USCS designation is based on visual-manual classification.
(o] 4. Blow counts from ASTM STP 399 (mini-cone penetrometer) are not summed as with
1 SPT blow counts; each 1-3/4-inch increment blow count is roughly equivalent to a 12-inch
~N SPT blow count.

LEGEND

Roots

Log

Seepage

Cobble or Boulder

Eastmont Avenue Extension
East Wenatchee, Washington

LOG OF HAND AUGER HA-7

January 2010

22-1-02425-001

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants

FIG. B-7




TEST_PIT_LOG 22-1-02425-001 TEST PITS.GPJ SHAN_WIL.GDT 1/18/10

Fld: LLA

Int: LR Chk: CYM

SOIL PROFILE DESCRIPTION

Average
Depth (ft)

Samples

Water
Content (%)

Ground
Water

BLOW COUNTS
ASTM STP 399

Depth (ft)

SKETCH OF TEST PIT SIDE WALL
Horizontal Distance in Feet

- Symbol

1: Medium dense, brown, silty SAND (SM);
dampy; (Fill).

20 HiH
2: Medium dense, brown, silty, SAND (SM); 14
damp; trace organics (native).

Bottom of Hand Auger 8 ft.
No groundwater encountered.

80 _-‘_:_'-

Not Encountered

10-12-14

7-10-15

12

15

NOTES

nature of the subsurface materials.

8-9 'OId

SPT blow count.

3. USCS designation is based on visual-manual classification.

1. The description in the text of this report is necessary for a proper understanding of the

2. Refer to Soil Classification and Log Key for explanation of "Symbols" and Definitions.

4. Blow counts from ASTM STP 399 (mini-cone penetrometer) are not summed as with
SPT blow counts; each 1-3/4-inch increment blow count is roughly equivalent to a 12-inch

LEGEND

Roots

Log

Seepage

Cobble or Boulder

Eastmont Avenue Extension
East Wenatchee, Washington

LOG OF HAND AUGER HA-8

January 2010

22-1-02425-001

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants

FIG. B-8




TEST_PIT_LOG 22-1-02425-001 TEST PITS.GPJ SHAN_WIL.GDT 1/18/10

Fld: LLA

Int: LR Chk: CYM

SOIL PROFILE DESCRIPTION

Average
Depth (ft)

Samples

Content (%)

Water

Ground
Water

BLOW COUNTS
ASTM STP 399

Depth (ft)

SKETCH OF TEST PIT SIDE WALL
Horizontal Distance in Feet

1: Medium dense, brown, silty, fine grained
SAND (SM); damp.

- Symbol

8.0 aabs

Bottom of Hand Auger 8 ft.
No groundwater encountered.

Not Encountered

15-17-22

12

15

6-9 'OId

SPT blow count.

NOTES
1. The description in the text of this report is necessary for a proper understanding of the
nature of the subsurface materials.

3. USCS designation is based on visual-manual classification.

2. Refer to Soil Classification and Log Key for explanation of "Symbols" and Definitions.

4. Blow counts from ASTM STP 399 (mini-cone penetrometer) are not summed as with
SPT blow counts; each 1-3/4-inch increment blow count is roughly equivalent to a 12-inch

LEGEND

Roots

Log

Seepage

Cobble or Boulder

Eastmont Avenue Extension
East Wenatchee, Washington

LOG OF HAND AUGER HA-9

January 2010

22-1-02425-001

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants

FIG. B-9




TEST_PIT_LOG 22-1-02425-001 TEST PITS.GPJ SHAN_WIL.GDT 1/18/10 Fid: LLA Int: LUR  Chk:CVM
— 9 —
SOIL PROFILE DESCRIPTION  |0€ 5| 8 | = |5 |sLowcounts | € SKETCH OF TEST PIT SIDE WALL
8B|E| E| 22 |3E|ASTMSTP399 | B Horizontal Distance in Feet
[ = [
8|5 B3 |28 |62 a |o 2 4 8 10
1: Medium dense to dense, brown, silty, fine 354 1 I O O O R
to medium grained SAND (SM); damp/dry.
P T T T R R
T T e T R R
o | s e e
I
S [
c
3
g | 4 @
I S L O
k]
< 1 N [
S N P R T T
7 N e T I
Bottom of Hand Auger 12ft. | (|
No groundwater encountered.
P R e N I
Eastmont Avenue Extension
NOTES LEGEND East Wenatchee Washinat
1. The description in the text of this report is necessary for a proper understanding of the ast VWwenaichee, VVashingion
nature of the subsurface materials. Q/ Roots
- 2. Refer to Soil Classification and Log Key for explanation of "Symbols" and Definitions. 9 Seepage LOG OF HAND AUGER HA-10
(@) 3. USCS designation is based on visual-manual classification.
. Q@ Cobble or Boulder
? 4. Blow counts from ASTM STP 399 (mini-cone penetrometer) are not summed as with January 2010 22-1-02425-001
SPT blow counts; each 1-3/4-inch increment blow count is roughly equivalent to a 12-inch
-
L SHANNON & WILSON, INC. -
o SPT blow count. % 9 Geotechnical and Environmental Con’sultants FIG' B 10




TEST_PIT_LOG 22-1-02425-001 TEST PITS.GPJ SHAN_WIL.GDT 1/18/10

Fld: LLA

Int: LR Chk: CYM

Samples

Content (%)

Water

Ground
Water

BLOW COUNTS
ASTM STP 399

Depth (ft)

SKETCH OF TEST PIT SIDE WALL
Horizontal Distance in Feet

Not Encountered

12

15

SOIL PROFILE DESCRIPTION o0& =
[E=R ]
sa|E
S o>
<O |w

1: Medium dense, silty SAND with trace 144
gravel (SM); damp/dry; gravel is

subangular, approx. 1-2 inch diameter.

4.0 P4
Bottom of Hand Auger 4 ft. (refusal on rock)
No groundwater encountered.
NOTES
nature of the subsurface materials.
L
(@) 3. USCS designation is based on visual-manual classification.
P
-
- SPT blow count.

1. The description in the text of this report is necessary for a proper understanding of the

2. Refer to Soil Classification and Log Key for explanation of "Symbols" and Definitions.

4. Blow counts from ASTM STP 399 (mini-cone penetrometer) are not summed as with
SPT blow counts; each 1-3/4-inch increment blow count is roughly equivalent to a 12-inch

LEGEND

Roots

Log

Seepage

Cobble or Boulder

Eastmont Avenue Extension
East Wenatchee, Washington

LOG OF HAND AUGER HA-11

January 2010

22-1-02425-001

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants

FIG. B-11




TEST_PIT_LOG 22-1-02425-001 TEST PITS.GPJ SHAN_WIL.GDT 1/18/10

Fld: LLA

Int: LR Chk: CYM

SOIL PROFILE DESCRIPTION

Average
Depth (ft)
Symbol

Samples

Content (%)

Water

Ground
Water

BLOW COUNTS
ASTM STP 399

Depth (ft)

SKETCH OF TEST PIT SIDE WALL
Horizontal Distance in Feet

1: Medium dense, brown, silty, fine grained
SAND (SM); damp/dry.

12.0 .'.:;'._

Bottom of Hand Auger 12 ft.
No groundwater encountered.

Not Encountered

27-33

12

15

Zl-9 'Old

SPT blow count.

NOTES

3. USCS designation is based on visual-manual classification.

1. The description in the text of this report is necessary for a proper understanding of the
nature of the subsurface materials.

2. Refer to Soil Classification and Log Key for explanation of "Symbols" and Definitions.

4. Blow counts from ASTM STP 399 (mini-cone penetrometer) are not summed as with
SPT blow counts; each 1-3/4-inch increment blow count is roughly equivalent to a 12-inch

LEGEND

Roots

Log

Seepage

Cobble or Boulder

Eastmont Avenue Extension
East Wenatchee, Washington

LOG OF HAND AUGER HA-12

January 2010

22-1-02425-001

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants

FIG. B-12




TEST_PIT_LOG 22-1-02425-001 TEST PITS.GPJ SHAN_WIL.GDT 1/18/10 Fid: LLA Int: LUR  Chk:CVM
— 9 —
SOIL PROFILEDESCRIPTION ||| 8 | = |5 |5 owcounts| € SKETCH OF TEST PIT SIDE WALL
8B|E| E| 22 |3E|ASTMSTP399 | B Horizontal Distance in Feet
8|3 & | =8 |62 S |o 2 4 6 8 10
1: Medium dense, brown, silty, fine grained | piael (| L
SAND with trace gravel (SM); damp/dry;
gravel is subangular and subrounded, | [T | | e e e e e
approx. /2to 2 inch diameter. [ WAEE |
B |sats | |
S [
c
3
3 S
I S L O
k]
zZ 1244614 | | e e e e
6.0 P 6
Bottom of Hand Auger6ft. | (|
No groundwater encountered.
9
12
P R e N I
Eastmont Avenue Extension
NOTES LEGEND East Wenatchee Washinat
1. The description in the text of this report is necessary for a proper understanding of the ast VWwenaichee, VVashingion
nature of the subsurface materials. Q/ Roots
- 2. Refer to Soil Classification and Log Key for explanation of "Symbols" and Definitions. 9 Seepage LOG OF HAND AUGER HA-13
(@) 3. USCS designation is based on visual-manual classification.
. Q@ Cobble or Boulder
? 4. Blow counts from ASTM STP 399 (mini-cone penetrometer) are not summed as with January 2010 22-1-02425-001
SPT blow counts; each 1-3/4-inch increment blow count is roughly equivalent to a 12-inch
-
L SHANNON & WILSON, INC. -
w SPT blow count. % 9 Geotechnical and Environmental Con’sultants FIG' B 13




USCS_LEGEND 9/18/09

SOIL CLASSIFICATION CHART

MAJOR DIVISIONS SYMBOLS TYPICAL
GRAPH | LETTER DESCRIPTIONS
WELL-GRADED GRAVELS, GRAVEL -
CLEAN GW SAND MIXTURES, LITTLE OR NO
GRAVEL GRAVELS FINES
AND
GRAVELLY | (LITTLE ORNOFINES) GP | GRAVEL - SAND MIXTURES. LITTLE
SOILS OR NO FINES
COARSE SILTY GRAVELS, GRAVEL - SAND -
GRAVELS WITH GM SILT MIXTURES
GRAINED MORE THAN 50% FINES
SOILS OF COARSE
FRACTION
RETAINED ON NO. |[(APPRECIABLE AMOUNT] GC CLAYEY GRAVELS, GRAVEL - SAND -
4 SIEVE OF FINES) CLAY MIXTURES
sSW WELL-GRADED SANDS, GRAVELLY
CLEAN SANDS SANDS, LITTLE OR NO FINES
MORE THAN 50% SAND
(1]
OF MATERIAL IS AND (LITTLE OR NO FINES) K Sp POORLY-GRADED SANDS,
LARGER THAN NO. SANDY GRAVELLY SAND, LITTLE OR NO
200 SIEVE SIZE SOILS FINES
MORE THAN 50% SANDS WITH SM ,\SA'&TTL?{AE';DS’ SAND - SILT
OF COARSE FINES
FRACTION ) 7
gﬁzs\‘,sE'NG ONNO. 4 (APPRECIABLE AMOUNTA// e CLAYEY SANDS, SAND - CLAY
OF FINES) 1 MIXTURES
INORGANIC SILTS AND VERY FINE
ML SANDS, ROCK FLOUR, SILTY OR
CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY
INORGANIC CLAYS OF LOW TO
SILTS CL MEDIUM PLASTICITY, GRAVELLY
AND LIQUID LIMIT CLAYS, SANDY CLAYS, SILTY CLAYS,
FINE
LESS THAN 50 LEAN GLAYS
GRAINED CLAYS Az
SOILS - oL ORGANIC SILTS AND ORGANIC
- T SILTY CLAYS OF LOW PLASTICITY
INORGANIC SILTS, MICACEOUS OR
MH DIATOMACEOUS FINE SAND OR
OF MATERIAL IS
SMALLER THAN /
NO. 200 SIEVE SIZE SILTS LIQUID LIMIT / CH INORGANIC CLAYS OF HIGH
AND GREATER THAN 50 / PLASTICITY
CLAYS 7/
////// OH ORGANIC CLAYS OF MEDIUM TO
//// HIGH PLASTICITY, ORGANIC SILTS
PEAT, HUMUS, SWAMP SOILS WITH
HIGHLY ORGANIC SOILS PT HIGH ORGANIC CONTENTS

NOTE: DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS
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APOLLO GEOPHYSICS

314 East Holly Street, Suite 207  Bellingham, WA 98225
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Wednesday, January 16, 2008

Shannon and Wilson, Inc.
Richland Branch Office
Attention: Mr. Lloyd Reitz
P.O. Box 967

Richland, WA 99352

RE: GEOPHYSICAL EXPLORATION
EASTMONT AVENUE BRIDGE
EAST WENATCHEE, WASHINGTON

Dear Mr. Reitz:

Enclosed is a copy of our geophysical report titled, “Geophysical Exploration - Eastmont Avenue Bridge.” The
attached report presents our interpretations and recommendations developed during our exploration, including
cross sections illustrating Seismic Refraction Survey data collected during the geophysical exploration .

We appreciate the opportunity to conduct this investigation. Please do not hesitate to contact us if you have
any questions or comments. Please keep us informed on the developments pertaining to the proposed facility
upgrade. If you would like us to provide additional exploration services for this project or to assist you on a
future project, we would definitely welcome the opportunity

Sincerely,

AproLLo GEoPHYsICS

Lynn M. Ringstad, L.E.G., M.S.
President

Apollo Geophysics ® 314 East Holly Street, Suite 207 ¢ Bellingham, WA 98225
Ph: 360.647.8303 * Fax: 425.671.0865 ¢ info@apollogeophysics.com * www.apollogeophysics.com



Geophysical Exploration
Eastmont Avenue Bridge
East Wenatchee, Washington

Wednesday, January 16, 2008 AG File No. 07.4069
INTRODUCTION

This geophysical report presents the results of a Seismic Refraction and Shear Wave Survey at the above
referenced site. The site is located on the proposed alignment, across Canyon B in East Wenatchee, WA.
APOLLO GEOPHYSICS completed the geophysical exploration with the standard Seismic Refraction Method,
utilizing state-of-the-art seismic instrumentation. A two-person field crew from APOLLO GEOPHYSICS
completed the geophysical field program from November 13, 2007 through November 16, 2007.

GEOPHYSICAL FINDINGS
General Overview

The seismic refraction method is the most commonly used geophysical method for engineering site

investigation. It is based on the measurement of seismic energy v,

travel time through the subsurface and the development of an — ]I_’_z_-_
interpretive model of velocity and thickness for various layers of . .

earth materials through which the seismic wave has passed in its L " rf_“z_—_ —‘Il Tt
travel from source to detector. W[/

Interpreted results from a seismic refraction survey yield seismic
velocity profiles that show the distribution, shape, and thickness of

subsurface layers having different seismic velocities. There is :::

usually a closed relationship between seismic velocity and soil and

rock types. With adequate correlation from other, more direct

methods of exploration, it is usually possible to relate the seismic

results to geologic conditions.

The seismic refraction method is most frequently employed to determine depth to rock for classification of
excavation and for foundation design studies. There are other uses of this method that are less frequently
considered, such as using seismic velocity to identify rock formations, to determine the relative quality of rock,

and to locate areas or zones of poor rock.

Substantially lower velocities may occur in rock that is highly weathered, heavily sheared or jointed, or has
experienced stress relief as compared to fresh, undisturbed rock. This method is also useful in classifying
overburden types and for determining water table levels in unconsolidated granular material. Under certain

Apollo Geophysics ® 314 East Holly Street, Suite 207 ¢ Bellingham, WA 98225
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conditions, it may be an excellent method for determining the best location for water wells.

The refraction method is valid only where seismic velocities increase with depth. The most favorable conditions
for a seismic refraction survey occur when the characteristic seismic velocity of each seismic layer is uniform

and when the velocity contrast between adjacent seismic layers is large.

In conjunction with the Seismic Refraction Survey, we completed a shear wave survey in the active method
mode to determine the average shear-wave (Vs) soil velocities up to 30m (100 ft) depth. The shear wave
survey adopts the 'land-based' conventional linear array (i.e. Seismic Refraction Survey) and captures the

refractor layers that are associated within the soil horizons.

Data & Interpretation

Six, approximately 230 foot long seismic refraction traverses and one approximately 115 foot long shear wave
survey traverses were completed at specific project stationing locations along the proposed road improvement
project. Lines 1 through 2 were located along the center line of the proposed alignment, and Lines 3 through 7
ran perpendicular to the alignment at proposed pier locations. Lines 3, 4, 5, and 7 were completed with both
the seismic refraction and shear wave survey. Line 6 was completed with only the shear wave survey. The
approximate locations of the seismic refraction traverses are presented on the Site Plan in Figure 1. The shot
points were uniformly distributed along the lines. The seismic data was calculated at points corresponding to
each geophone location on approximately 5- and 10-foot centers. The cross-sections illustrating the Seismic
Refraction Survey data for Lines 1 through 7 are presented in Figures 2 through 8.

APOLLO GEOPHYSICS personnel utilized a state-of-the-art seismic instrument. The Seismic Instrument
included 24 channels, 24-bit A/D Conversion, and 135 dB theoretical dynamic range. The seismograph is an
integrated high-grade instrument with ultra-wide bandwidth for high-resolution surveys controlled by a field
laptop computer. The seismic instrument provided a more rapid data acquisition and we were able to achieve
the depths requested. We utilized standard 10-Hertz geophones to capture a bandwidth from 10 Hz to 100 Hz.
To capture the shear wave, we utilized standard 4.5-Hertz horizontal geophones to capture a bandwidth from
.1 Hz to 1Hz.

APOLLO GEOPHYSICS personnel created the subsurface sound waves by striking a metal plate with a
vertical blow of a 12-pound sledge hammer. The subsurface sound waves extended below the ground surface
to more than 100 feet. This approach had a minimal impact to the surrounding environment. Shear waves

were created by striking a metal plate with a horizontal blow of a 12-pound sledge hammer.

APOLLO GEOPHYSICS personnel expect that the data should relate well to actual geologic overburden soils
and local bedrock and should not be significantly diverse from actual drill hole depths. Below is a brief
summary of the three velocity units we identified in the seismic data, which may represent the following
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interpreted units:

Layer 1 — 0 to 35 feet Below Ground Surface (BGS)
Average Seismic Velocity: Vp: +/- 1,200 feet per second (fps)
Vs: +/- 620 feet per second (fps)
Suggested Classification of Materials, Loose to Medium Dense Soil Horizons

Layer 2 — 0 to 100 feet Below Ground Surface (BGS)
Average Seismic Velocity: Vp: +/- 4,000 feet per second (fps)
Vs: +/- 1,700 feet per second (fps)
Suggested Classification of Materials, Medium Dense to Dense Soil Horizons

Layer 3 — 10 to 160 feet Below Ground Surface (BGS)
Average Seismic Velocity: Vp: +/- 8,000 feet per second (fps)
Vs: +/- 3,200 feet per second (fps)
Suggested Classification of Materials, BEDROCK

The velocity of each unit was taken as an average over the length of the seismic traverse.

Warranty of Services

All geophysical information presented is based upon geophysical measurements made by generally accepted
methods and field procedures and APOLLO GEOPHYSICS’ interpretation of these data. The geophysical
results are, therefore, interpretative in nature and are considered to be a reasonably accurate presentation of
existing conditions within the limitations of the methods employed. Services performed by APOLLO
GEOPHYSICS under this agreement are conducted in a manner consistent with, but no less than, that level of
care skill ordinarily exercised by members of the profession currently practicing under similar conditions. We
cannot guarantee the accuracy or correctness of any interpretation, and we shall not be liable or responsible
for any loss, cost, damages or expenses incurred or sustained by the Client resulting from any interpretation
made by any of our officers, agents or employees. No other warranty, expressed or implied, is made. APOLLO
GEOPHYSICS recognizes that subsurface conditions may vary from those encountered at the location where
geophysical or other explorations are made. The data interpretations and recommendations made by APOLLO
GEOPHYSICS are based solely on the information available to them at the time of performance; and APOLLO
GEOPHYSICS shall not be responsible for the interpretation, by others, of the information developed.

The seismic data obtained, overall, looks good and all data gathered is presented in this document. Extreme
topography limited site access on the South canyon wall. The limited access and topography only allowed for
shear-wave data to be collected on Line 6. The quality of the analysis was evaluated by correlating the
interpretation of the intersecting lines. The interpretations appear to correlate well with the cross points.
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We trust this will complete your requirements for this portion of the project and look forward to working with you
on the next portion of this project. If you have any further questions or need further assistance, please don’t

hesitate to call.
Sincerely,

AproLLo GEoPHYsICS

Lynn M. Ringstad, L.E.G., M.S.
President

Matthew C. Ringstad
Vice President

www.apollogeophysics.com
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Driven Piling Installation

We recommend driving all piles to the required capacity determined by either the WSDOT driving
formula or a WAVE Equation Analysis of Pile Driving (WEAP). The WSDOT Geotechnical
Design Manual recommends a 0.40 resistance factor for a WEAP analysis without pile dynamic
measurements and a 0.55 resistance factor for the driving formula.

The WEAP method includes an evaluation of driving stresses so that an appropriate pile-driving
hammer size can be selected to obtain the desired pile capacity without damage to the pile. This
analysis also determines the nominal pile capacity for a given driving resistance. We recommend
that at lcast two driven test piles be completed to evaluate the proposed hammer-pile driving system
prior to ordering production piles.

The Contractor should furnish the information required on the Pile and Driving Equipment Data
Sheet seven days in advance of his scheduled pile driving in order to complete the WEAP. The
Contractor should furnish the manulacturer's specification and catalog for the proposed hammer.
We recommend that an engineer, experienced in pile driving and familiar with the subsurface
conditions at the site, be available on a full-time basis to evaluate pile driving records so that timely
decisions can be made on acceptance of piling.

Efficient pile driving can be defined as driving the pile to the destred nominal capacity at a
reasonable blow count and as close to the yield strength of the pile material as possible. All piles
should be driven to the tip depth needed to achieve the required nominal capacity and any
embedment requirements for scour, uplift, or lateral capacity.

Any interruption driving more than 30 minutes should be considered a stoppage of continuous
driving. The minimum driving resistance criteria should resume after the pile has been driven at

least one foot following any stoppage of driving.

We recommend fixed-lead pile driving equipment. The use ol hanging or swinging leads are not
recommended unless they are constructed so that they can be held in a fixed position during driving
nperations. Leads should be of sufficient length so that the use of followers will not be necessary.

All pile driving equipment should be designed, constructed, and maintained in a manner suitable for
the work to be performed in this project. If, in the opinion of the Engineer, the driving equipment is
inadequate or detficient, he may direct that it be removed from the job site. All costs for
remobilizing, removing, or replacing such equipment should be at the Contractor's expense.

It is difficult to estimate the energy delivered by diesel haimmers. The Saximeter developed by Pile
Dynamics, Inc. can be used to record hammer strokes and can provide an estimate of the driving
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energy of diesel hammers. We recommend that a Saximeter be used, should the Contractor select a

dicsel hammer.

We recommend that a complete driving record be kept for each pile. Each pile record should
inciude the number of blows required for each foot of pile penetration, ram stroke, the type and
energy rating of the hammer, and the blows per minute near the estimated penetration depth. Each
pile should be clearly marked in 1-foot increments for its full length.
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Geotechnical and Environmental Consultants
Date: January 13, 2010

To: HDR Engineering, Inc.
Eastmont Avenue Extension

] SHANNON & WILSON, INC. Attachment to and part of Report 22-1-02425-001
y

Important Information About Your Geotechnical/Environmental Report

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS.

Consultants prepare reports to meet the specific needs of specific individuals. A report prepared for a civil engineer may not be
adequate for a construction contractor or even another civil engineer. Unless indicated otherwise, your consultant prepared your report
expressly for you and expressly for the purposes you indicated. No one other than you should apply this report for its intended
purpose without first conferring with the consultant. No party should apply this report for any purpose other than that originally
contemplated without first conferring with the consultant.

THE CONSULTANT'S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS.

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set of project-specific
factors. Depending on the project, these may include the general nature of the structure and property involved; its size and
configuration; its historical use and practice; the location of the structure on the site and its orientation; other improvements such as
access roads, parking lots, and underground utilities; and the additional risk created by scope-of-service limitations imposed by the
client. To help avoid costly problems, ask the consultant to evaluate how any factors that change subsequent to the date of the report
may affect the recommendations. Unless your consultant indicates otherwise, your report should not be used: (1) when the nature of
the proposed project is changed (for example, if an office building will be erected instead of a parking garage, or if a refrigerated
warehouse will be built instead of an unrefrigerated one, or chemicals are discovered on or near the site); (2) when the size, elevation,
or configuration of the proposed project is altered; (3) when the location or orientation of the proposed project is modified; (4) when
there is a change of ownership; or (5) for application to an adjacent site. Consultants cannot accept responsibility for problems that
may occur if they are not consulted after factors, which were considered in the development of the report, have changed.

SUBSURFACE CONDITIONS CAN CHANGE.

Subsurface conditions may be affected as a result of natural processes or human activity. Because a geotechnical/environmental report
is based on conditions that existed at the time of subsurface exploration, construction decisions should not be based on a report whose
adequacy may have been affected by time. Ask the consultant to advise if additional tests are desirable before construction starts; for
example, groundwater conditions commonly vary seasonally.

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may also
affect subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental report. The consultant should be kept
apprised of any such events, and should be consulted to determine if additional tests are necessary.

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS.

Site exploration and testing identifies actual surface and subsurface conditions only at those points where samples are taken. The data
were extrapolated by your consultant, who then applied judgment to render an opinion about overall subsurface conditions. The actual
interface between materials may be far more gradual or abrupt than your report indicates. Actual conditions in areas not sampled may
differ from those predicted in your report. While nothing can be done to prevent such situations, you and your consultant can work
together to help reduce their impacts. Retaining your consultant to observe subsurface construction operations can be particularly
beneficial in this respect.
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A REPORT'S CONCLUSIONS ARE PRELIMINARY.

The conclusions contained in your consultant's report are preliminary because they must be based on the assumption that conditions
revealed through selective exploratory sampling are indicative of actual conditions throughout a site. Actual subsurface conditions can
be discerned only during earthwork; therefore, you should retain your consultant to observe actual conditions and to provide
conclusions. Only the consultant who prepared the report is fully familiar with the background information needed to determine
whether or not the report's recommendations based on those conclusions are valid and whether or not the contractor is abiding by
applicable recommendations. The consultant who developed your report cannot assume responsibility or liability for the adequacy of
the report's recommendations if another party is retained to observe construction.

THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION.

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a
geotechnical/environmental report. To help avoid these problems, the consultant should be retained to work with other project design
professionals to explain relevant geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of
their plans and specifications relative to these issues.

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED FROM THE REPORT.

Final boring logs developed by the consultant are based on interpretation of field logs (assembled by site personnel), field test results,
and laboratory and/or office evaluation of field samples and data. Only final boring logs and data are customarily included in
geotechnical/environmental reports. These final logs should not, under any circumstances, be redrawn for inclusion in architectural or
other design drawings, because drafters may commit errors or omissions in the transfer process.

To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready access to the complete
geotechnical engineering/environmental report prepared or authorized for their use. If access is provided only to the report prepared
for you, you should advise contractors of the report's limitations, assuming that a contractor was not one of the specific persons for
whom the report was prepared, and that developing construction cost estimates was not one of the specific purposes for which it was
prepared. While a contractor may gain important knowledge from a report prepared for another party, the contractor should discuss the
report with your consultant and perform the additional or alternative work believed necessary to obtain the data specifically
appropriate for construction cost estimating purposes. Some clients hold the mistaken impression that simply disclaiming
responsibility for the accuracy of subsurface information always insulates them from attendant liability. Providing the best available
information to contractors helps prevent costly construction problems and the adversarial attitudes that aggravate them to a
disproportionate scale.

READ RESPONSIBILITY CLAUSES CLOSELY.

Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is far less exact than other design
disciplines. This situation has resulted in wholly unwarranted claims being lodged against consultants. To help prevent this problem,
consultants have developed a number of clauses for use in their contracts, reports and other documents. These responsibility clauses
are not exculpatory clauses designed to transfer the consultant's liabilities to other parties; rather, they are definitive clauses that
identify where the consultant's responsibilities begin and end. Their use helps all parties involved recognize their individual
responsibilities and take appropriate action. Some of these definitive clauses are likely to appear in your report, and you are
encouraged to read them closely. Your consultant will be pleased to give full and frank answers to your questions.

The preceding paragraphs are based on information provided by the
ASFE/Association of Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland
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