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Dear Mr. Gross:
We have completed the requested geotechnical investigation for the
above-referenced project. This report includes a description of our work, a
discussion of the site conditions, a summary of laboratory testing, and a discussion
of engineering analyses. Recommendations for site preparation and retaining wall
design and construction are enclosed. Material specifications refer to the Oregon
Standard Specifications for Construction (ODOT, 2008).
This report addresses the design, construction and survivability of the tsunami
evacuation site. The study focuses on subduction zone earthquake sources capable
of generating a tsunami.
Crustal earthquake sources were not considered.
Therefore, the study includes certain elements, but is not intended to meet all the
requirements of a site-specific seismic hazard study per the Oregon Structural
Specialty Code.
BACKGROUND

The City of Newport (City) plans to develop a tsunami evacuation site to serve the
South Beach area. The proposed site consists of an undeveloped hill located
adjacent to Highway 101, southwest of the Yaquina Bay Bridge (Figure 1A,
Appendix A). The site will be designated Safe Haven Hill.
A topographic site map provided by the City indicates most of the South Beach
area lies between ±El. 10 and ±El. 20. The current tsunami inundation maps
(NANOOS 2011) indicate an inundation elevation of ±El. 25 in the project area.
Run-up may extend to higher elevations. The highest portion of the proposed
evacuation site lies between ±El. 85 and ±El. 90. SW Abalone Street wraps
around the west and south sides of the hill. Street grades range from ±El. 25
(near the northwest and southeast base of the hill) to ±El. 50 (near the southwest
base of the hill).
The proposed evacuation site is the evacuation area recommended in the current
Newport Tsunami Evacuation Map – South, prepared by the Oregon Department of
Geology and Mineral Industries (DOGAMI, 2005). The site represents the only
accessible high ground in close proximity to the northern portion of the South
Beach area. Therefore, we concur this site is the most practical option for tsunami
evacuation.
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PROPOSED IMPROVEMENTS

The hill is wooded and is currently accessed by a relatively steep, unpaved road on
the south side and a rough, narrow pedestrian trail on the north side. The City of
Newport is planning improvements to increase the assembly capacity of the site
and improve its accessibility. Figure 2A (Appendix A) shows the proposed site
layout and improvements.
Proposed improvements will include leveling the open space at the top of the hill to
provide an assembly area, leaving several of the existing trees in place. The access
road on the south side of the hill will be regraded and paved to provide access for
pedestrians and emergency and maintenance vehicles. A retaining wall may be
required to accommodate the regrading of the access road.
Improvements for additional pedestrian access will include widening and regrading
existing trails on the north side of the hill and constructing relatively inexpensive,
gravel-surfaced access ramps. Stairs will also be constructed on the south slope
extending from SW Abalone Street up to the new paved access road.
FIELD EXPLORATION

Site Reconnaissance

We completed a surface reconnaissance of the site on October 17, 2011. The
reconnaissance focused on the condition of surface features such as vegetation,
areas of loose sand, evidence of slope instability or erosion, and other conditions that
could affect the construction of the pedestrian trails. Shallow explorations were also
completed along the existing trail on the north side of the hill using a hand auger.
Borings

We drilled two boreholes at the site on October 31 and November 1, 2011. BH-1
was drilled on the access road on the south side of hill to evaluate the stability of
the road and provide subsurface information for retaining wall design. BH-2 was
drilled at the top of the hill to provide additional subsurface information to help
establish a cross-section for slope stability analysis. The approximate boring
locations are shown in Figure 2A.
The boreholes were drilled using a WS 45, track-mounted drill rig with mud-rotary
drilling techniques. In BH-1, sampling was completed at 2.5-foot intervals to a
depth of ±10 feet and at 5-foot intervals thereafter to the bottom of the boring
(±51.5 feet). In BH-2, sampling was completed at 5-foot intervals to the bottom
of the boring (±56.5 feet). Disturbed samples were obtained with a split-spoon
sampler. The Standard Penetration Test (SPT), which is run when the split-spoon is
driven, provides an indication of the density of the soil. Upon completion of drilling,
the boreholes were backfilled with bentonite chips.
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The boreholes were continually logged during drilling. The final logs (Appendix B)
were prepared based on a review of the field logs and laboratory test results, and
an examination of the soil samples in our office. The borings were not surveyed.
Therefore, the locations shown on Figure 2A and the elevations shown on the logs
should be considered approximate only.
SITE CONDITIONS

Surface Conditions

The existing slopes range from ±1.1:1 to 4:1(H:V). On most of the hill, the slopes
are heavily vegetated with brush and trees. However, little or no vegetation is
present on the south access road and the slope below the road. The vegetation
was apparently removed from this area during previous site grading. Dune sand is
exposed at the surface at this location. We observed no signs of slope instability
during our site reconnaissance.
Subsurface Conditions

The subsurface conditions are summarized below. More detailed soil descriptions at
the individual borehole locations are provided in the attached logs.
Hand augering along the existing trail on the north slope typically encountered ±4 to
6 inches of organics (i.e., decomposed leaves and needles) at the surface. The
organics are underlain by relatively clean, medium dense to dense, dune sand.
Drilling on the access road on the south side of the hill (BH-1) began at ±El. 55 and
encountered dune sand. The sand was loose to ±7.5 feet, medium dense from
±7.5 to 25 feet, dense from ±25 to 35 feet, and very dense from ±35 to
51.5 feet. Drilling in the proposed assembly area at the top of the hill (BH-2) began
at ±El. 85 and also encountered dune sand. The sand was loose to ±10 feet and
medium dense to dense from ±10 to 56.5 feet.
Information from FEI’s previous nearby work was used to supplement the
investigation and estimate the subsurface conditions below the limits of BH-1 and
BH-2. FEI previously completed several subsurface investigations in the vicinity of
the proposed evacuation site. The explorations include a ±16.5-foot deep boring
for a wastewater transmission line located ±500 feet to the east on Ferry Slip
Road, a ±101.5-foot deep boring for a proposed exposition center located
±1,200 feet to the northeast adjacent to the Rogue Brewery, a ±61.5-foot deep
boring at the Hatfield Marine Science Center located ±2,500 feet to the northeast,
and a series of borings (up to ±141.5 feet deep) for the Yaquina Bay wastewater
transmission line undercrossing located ±3,200 feet to the northeast.
The boring on Ferry Slip Road began at ±El. 11.1 and encountered medium dense
to dense, dune sand to ±16.5 feet (El. -5.4). The ±101.5-foot deep boring for a
proposed exposition center near the Rogue Brewery began at ±El. 17.5. The
exploration encountered medium dense to very dense, dune sand to ±43 feet
followed by bay alluvium comprised of predominantly medium dense to dense sand.
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The alluvium includes interbedded lenses of loose to medium dense, silty sand and
medium stiff silt from ±90 to 101.5 feet (El. -84.0). Borings completed closer to
the bay typically encountered bay alluvium comprised of loose to very dense sand
over very soft to medium stiff, clayey silt. Based on our site observations and
current and past explorations, we anticipate the proposed tsunami evacuation site
is underlain by a deep dune deposit.
GROUND WATER

The use of mud-rotary drilling techniques precluded the measurement of ground
water levels in the borings. However, the soils were typically damp to the bottom
of the borings, suggesting a lack of ground water. The bottom of the borings
extended to ±El. 5 to ±El. 30.
Our previous explorations for the wastewater transmission line to the east of the
hill in March of 2001, encountered ground water at ±El. 3 to ±El. 7.5. Wet soil
conditions were observed at ±El. 7.5 in our explorations for the exposition center
in February 2004. We anticipate the local ground water level typically lies at or
below ±El. 10 and is tidally-influenced.
LABORATORY TESTING

The laboratory work included natural water content and percent fines tests to
classify the soils and estimate their engineering properties. The results are
summarized in Table 1C (Appendix C).
SEISMIC ANALYSIS

Bedrock Acceleration and Site Response

Seismic design was based on a Cascadia Subduction Zone (CSZ) earthquake
capable of triggering a tsunami. The most recent USGS National Seismic Hazard
Maps (USGS 2008) were used in our analysis. The USGS (2008) interactive
deaggregation indicates the CSZ hazard is primarily due to a Mw 8.4 to 9.0
earthquake located ±17.4 km from the tsunami evacuation site. The attenuation
relations of Youngs et al. (1997), Gregor et al. (2002), Atkinson and Boore (2003;
Global version), and Zhao et al. (2006) were used to estimate the peak bedrock
acceleration at the site with weighting factors of 0.3, 0.3, 0.3 and 0.1, respectively.
A Mw 8.5 was used for Zhao et al. (2006) (i.e., the maximum value for the
attenuation relation). A Mw 9 was used for the other attenuation relations. The
analysis indicates a peak bedrock acceleration of 0.3g. The peak ground acceleration
(PGA) at the ground surface was estimated using an AASHTO (2008) Fpga factor of
1.2 (Site Class D). The results indicate a PGA of 0.36g.
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Liquefaction and Lateral Spread

Liquefiable soils typically consist of saturated, loose sand and non-plastic silt.
Loose sand was encountered in BH-1 and BH-2 to depths of ±7.5 feet. Below
±7.5 feet, the sand becomes medium dense grading to very dense with depth.
Our current and previous explorations in the area suggest ground water lies at or
below ±El. 10 in the project vicinity. Ground elevations at the base of the hill at
the proposed access locations range from ±El. 25 to ±El. 45. Therefore, the
static ground water level is anticipated to be ±15 to 35 feet below the base of the
hill. Due to the lack of ground water and the increasing density of the sand with
depth, we believe the risk of liquefaction and lateral spread impacting the tsunami
evacuation site is low.
Slope Stability

To be suitable as a tsunami evacuation site, the hillside must remain stable during a
large magnitude, long-duration, subduction zone earthquake that would precede a
tsunami. It also needs to remain stable during the tsunami wave run-up and the rapid
drawdown of water within the slope as the tsunami recedes.
Slope stability analysis was completed using SLIDE 5.0 software.
Three
cross-sections were established based on the available topographic data and the
results of the exploratory drilling. The cross-sections are described below.
•

Cross-Section A-A’. Located on the proposed alignment of the pedestrian
access trail in the northeast corner of the hill. The slopes at this location range
from 2:1 to 3.6:1(H:V).

•

Cross-Section B-B’. Located on the upper (steepest) portion of the access road
in the southwest corner of the hill, near the proposed stairway. The slopes at
this location range from 2:1 to 2.2:1(H:V).

•

Cross-Section C-C’. Located on the proposed alignment of the stairway on the
southwest corner of the hill. The slopes at this location range from 2.7:1 to
5.5:1(H:V).

A moist unit weight (γm) of 115 pcf and an internal friction angle (φ) of 34 degrees
were assumed for the medium dense sand typically encountered above ±El. 30.
A γm of 120 pcf and φ of 36 degrees were assumed for the dense sand encountered
below ±El. 30. The cross-sections were analyzed for three conditions:
•

Static loading with ground water at El. 10 (i.e., the current static conditions).

•

Pseudo-static loading with ground water at El. 10. A PGA of 0.18g was
assumed. This value is one-half of the estimated PGA for a subduction zone
earthquake. The one-half reduction accounts for the non-ridged nature of the
soil and the fact that the peak acceleration lasts for only a short period of time
and does not necessarily line perpendicular to the slope. This scenario
represents the condition at the time of a large magnitude, subduction zone
earthquake.
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•

Static loading with ground water in the slope at El. 35 and ground water
adjacent to the slope below El. 20. This scenario represents a rapid drawdown
condition occurring as the tsunami water recedes. The current inundation
maps indicate an inundation elevation of ±El. 25. We have assumed the
runup may be sufficient to increase the ground water level in the hill to
±El. 35. The actual runup may exceed ±El. 35. However, we do not believe
the higher water levels will be present for a sufficient amount of time to
saturate the soil on the hillside.

The results of the analyses are summarized in Table 1. Plots of the SLIDE output are
provided in Appendix D.
Table 1. Slope Stability Analysis Results
Cross-Section

Static
Analysis

Static
Analysis
with Rapid
Drawdown

Pseudo-Static
Analysis
(PGA=0.18)

Pseudo-Static
Analysis Yield
Acceleration

A-A’

1.7

1.7

1.1

0.22g

B-B’

1.5

1.2

1.0

0.18g

C-C’

2.0

1.7

1.2

0.29g

A minimum factor of safety of 1.5 is typically used for static conditions. A
minimum factor of safety of 1.1 is typically used for extreme events, such as rapid
drawdown or seismic loading conditions. The factors of safety for static loading
and rapid drawdown meet or exceed these values. Seismic factors of safety for
Cross-Sections A-A’ and C-C’ also exceed the typical value of 1.1. Seismic
analysis for Cross-Section B-B’ indicates a factor of safety of 1.0 with a PGA of
0.18g. A factor of safety of 1.0 for seismic loading, does not necessarily indicate
imminent slope failure, but may indicate potential lateral movement. The critical
failure surfaces were typically within ±8 feet of the ground surface. Based on the
results, we have concluded the risk of deep-seated slope instability is low. Some
shallow (near surface) instability may occur in the steeper portions of the slopes.
There is potential for scour and erosion along the base of the hill due to the tsunami
waves. However, in consultation with the City, we have concluded it is not practical
to mitigate for erosion since:
1) Providing erosion protection would require installing a riprap blanket underlain
by filter fabric along the entire toe of the slope. This would require removing
large amounts of existing vegetation (including trees), regrading slopes and
importing large volumes of riprap.
2) Safely evacuating to the site will require reaching the hill prior to the arrival of
the large tsunami waves that could cause erosion. Therefore, providing riprap
protection at the base of the hill to mitigate erosion will not improve the
evacuation access.
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3) Based on the size of the hill, scour at the base of the hill is not expected to
reduce the stability of the slopes to the point where it would impact the
stability of the assembly area at the top of the hill.
4) Other means of evacuation should be available following the tsunami in the
event erosion of the toe limits evacuation on foot or by automobile.
PEDESTRIAN TRAIL IMPROVEMENTS

The access trail on the north side of the hill is currently ±2 feet wide and occupies
shallow cuts into the hillside with a series of switchbacks. It is proposed to
increase the trail width to ±4 feet. Based on the soil conditions and the
abundance of tree roots, we believe it will not be practical to widen the trail solely
by cutting deeper benches into the hillside. Rather, we anticipate grading will
typically require shallow cuts on the uphill side of the trail combined with
constructing short benches of fill and short retaining walls (up to 18 inches tall) on
the downhill side of the trail.
In consultation with the City, we have assumed the walls will be designed and
constructed following the US Department of Agriculture and Forest Service “Crib
Walls for Mountain Bike Trails” manual (USDAFS, 1992). The crib walls will be
constructed using steel fence posts driven into the ground and timber or composite
timber lagging. Where needed, the posts will be anchored to rebar driven within
the footprint of the trail.
Our explorations on the existing trail encountered up to ±6 inches of organics (i.e.,
decomposed leaves and needles) at the surface followed by relatively clean, medium
dense to dense, dune sand. We recommend removing the organics from the trail
prior to constructing the retaining walls or placing fill.
We recommend moisture-conditioning and compacting the subgrade and any fill
using a vibratory plate compactor. The wall backfill should consist of clean dune
sand. The sand may be susceptible to piping in the presence of water. Therefore,
prior to backfilling the walls, we recommend placing a non-woven Type 2 Drainage
Geotextile (ODOT Table 02320-1) on the bench and extending up the back of the
wall lagging. The fill should be placed in loose lifts not exceeding 6 inches. We
recommend covering the finished subgrade on the footpath with at least 2 inches of
1”-0 Base Aggregate (ODOT Section 02630.10). The Base Aggregate should be
compacted using the plate compactor.
The 2-inch Base Aggregate section is a minimum value. We anticipate the foot
traffic on the trail will increase for recreational use after the improvements are
made. The increased foot traffic will tend to reduce the base section thickness by
pushing the aggregate into the sand subgrade and kicking some of the surface
aggregate off of the trail. Options for mitigating these conditions include increasing
the base section thickness up front or maintaining the trail by adding Base
Aggregate in the future as required.
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SOUTH STAIRWAY

The stairway will extend ±33 feet (vertically) up the southeast corner of the hill
beginning at ±El. 27 and extending to ±El. 62. The current slope along most of
the proposed stairway alignment is ±2.7:1(H:V). The slope becomes flatter near
the top of the stairway (adjacent to the access road). Details of the proposed
stairway were not available at the time this report was prepared. However, based
on its length, we anticipate the stairway will have a series of landings.
The log of the closest boring (BH-1) indicates the upper ±7.5 feet of sand in this
area is loose. Therefore, the stairway will need to be secured to the slope to
prevent sliding during an earthquake. Potential foundation options include driven
piles, drilled foundations or spread footings tied-down with anchors (e.g., helical
anchors). The type, size and depth of the foundations will need to be established
as the stairway design progresses and the foundation loads are determined.
SOUTH ACCESS ROAD SITE GRADING AND PAVEMENT

Constructing the new access road will require regrading and widening the existing
cut bench. Prior to construction, the ground should be stripped as required to
remove roots and organics.
All strippings should be disposed outside of
construction areas. The existing slopes should be properly benched to integrate the
new fill into the existing slopes. A benching detail is shown on Figure 3A
(Appendix A).
Maximum permanent cut and fill slopes of 2:1(H:V) are
recommended. Finished slopes outside the roadway should be dressed with a layer
of topsoil and vegetated to reduce the risk of erosion.
The fill should be placed in horizontal lifts not exceeding 12 inches in thickness.
The fill should be adjusted near its optimum moisture content value and compacted
to 95% relative compaction. The maximum dry density of AASHTO T-99 should
be used as the standard for estimating the relative compaction.
Efficient
compaction of the native sand and imported granular fill will require the use of a
smooth drum, vibratory roller. Smaller, vibratory plate compactors or jumping jacks
should be used for wall backfill. Field density tests should be run frequently to
confirm adequate compaction of the subgrade and imported fill.
The pavement subgrade should be proof-rolled using a loaded, 10-yd3 dump truck or
other approved vehicle prior to placing the base rock. Any subgrade observed
pumping or deflecting beneath the truck wheels should be reworked, or
overexcavated and replaced with compacted base rock and proof-rolled again. The
sand subgrade will be susceptible to disturbance and wind blown erosion when dry.
Therefore, we recommend maintaining the moisture in the pavement subgrade until
the geotextile and base rock are placed.
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The road will provide access for pedestrian, occasional maintenance vehicles and
possibly emergency vehicles following a tsunami. Based on the limited anticipated
traffic and the sandy subgrade, a pavement section consisting of 2.5 inches of
asphaltic concrete (AC) over 9 inches of 1”-0 Base Aggregate (ODOT Section
02630.10) is recommended. A woven or non-woven Subgrade Geotextile (ODOT
Table 02310-1) is recommended between the Base Aggregate and dune sand.
SOUTH ACCESS ROAD RETAINING WALL

Wall Type

Depending on the selected grading plan, a retaining wall may be required on the uphill
side of the south access road to retain the cut slope. It is anticipated the wall will
have a maximum height of 5 feet and a length of up to 100 feet. However, the
actual wall dimensions will be established as the site grading plan is developed.
Wall options include a concrete cast-in-place wall, an MSE wall and a segmental
block wall (e.g., an UltraBlock wall). In consultation with the City, it was
concluded a segmental block wall would be the most practical option. The
following recommendations assume a block wall will be used.
ASD Design Parameters

External stability analysis for the wall was completed using Allowable Stress Design
(ASD) methods. Table 2 summarizes the assumed minimum factors of safety.
Table 2. Minimum Factors of Safety of External Stability
Criteria

Static
Conditions

Seismic
Conditions

Bearing Capacity

2.5

1.5

Sliding

1.5

1.1

Overturning

2.0

1.5

Global Stability

1.5

1.1

Wall Configuration

We have assumed the block wall will be used with a maximum height of 5 feet. We
recommend embedding the bottom of the wall at least 2 feet below the finished
grade. We recommend battering the wall at 1:10(H:V) and providing a maximum
backslope of 3:1(H:V) above the wall.
The native sand beneath the wall should be moisture-conditioned and compacted
prior to wall construction. Any soft, fine-grained soil encountered at the design
subgrade elevation should be overexcavated and replaced with compacted,
relatively clean sand or 1”-0 Base Aggregate (ODOT Section 02630.10).
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The native sand will be susceptible to disturbance from foot traffic. Therefore, we
recommend providing a minimum of 6 inches of compacted, 1”-0 Base Aggregate
(ODOT Section 02630.10) below the wall to reduce the risk of subgrade
disturbance during construction. The crushed rock should extend at least 6 inches
beyond the edges of the wall.
We recommend using 1”-0, Base Aggregate to backfill within 2 feet of the back of
the wall. Dune sand can be used outside this area. Due to lack of observed ground
water, the presence of clean dune sand, and the relatively steep slope of the
roadway, we believe the site is relatively well drained and it will not be necessary
to provide a drain pipe in the wall backfill.
The fill should be compacted to at least 95% relative compaction, according to the
maximum dry density of AASHTO T99. Compaction adjacent to the wall should be
accomplished using only light, hand-operated or walk-behind equipment (such as
vibratory plate compactors). We do not recommend the use of heavy rollers or
hydraulic compactors mounted on excavators or backhoes close to the wall since
they may create excessive lateral earth pressures on the wall.
Ultimate and Allowable Bearing Capacity and Wall Settlement

Ultimate bearing capacity for the foundation soil (qult) was calculated assuming a γm
of 115 pcf and a φ of 32 degrees for the sand. The results indicate an ultimate
bearing capacity of 5,200 psf. An allowable bearing capacity of 2,080 psf was
calculated for static loading, assuming a factor of safety of 2.5. An allowable
bearing capacity of 3,500 psf was calculated for seismic loading, assuming a factor
of safety of 1.5.
The wall will be relatively short and will be supported on compacted sand.
Therefore, we anticipate settlement will be modest (±½ inch or less) and will occur
quickly during construction of the wall.
Sliding Friction and Passive Resistance

We assumed a coefficient of sliding friction of 0.5 between the concrete blocks and
the Base Aggregate. We did not assume any passive resistance in front of the wall.
Lateral Earth Pressures
Static Loading. A backfill γm of 125 pcf and a φ of 34 degrees were assumed for
wall design. Drained conditions were also assumed. It is anticipated the wall will
deflect sufficiently to mobilize active (ka) conditions (i.e., the top of the wall will be
free to move laterally or rotate a distance of at least 0.002H, where H is the total
wall height). Therefore, active earth pressures were assumed. The friction angle
(δ) between the wall and backfill was assumed to be ¾φ. The active earth pressure
is calculated as a triangular distribution using the Coulomb method. The resultant
of this pressure is assumed to act at a height of H/3 above the bottom of the wall.
Based on the assumed backfill parameters, we calculated a ka value of 0.33 for a
wall on the uphill side of the road with a 3:1(H:V) backslope.
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Seismic Loading. Seismic design was completed using a surface peak ground
acceleration (As) of 0.36g based on a subduction zone earthquake. The total seismic
earth pressure coefficient (kae) was calculated using the Mononobe-Okabe (M-O)
analysis method. The resultant of the seismic earth pressure is assumed to act at a
height of 0.6H above the bottom of the wall. For the M-O analysis, the vertical
acceleration coefficient (kv) was assumed to be zero. A reduced horizontal
acceleration coefficient (kh) was calculated to account for wall displacement.
AASHTO (2008) recommends calculating kh as a result of lateral wall movement
due to sliding as follows:

kh = 0.74AS(AS/d)0.25
where d is the assumed displacement of the wall (in inches). A kh value of 0.18g
was calculated assuming up to ±3 inches of displacement would be tolerable.
Table 3 summarizes the calculated lateral earth pressure coefficients for static and
seismic design.
Table 3. Earth Pressure Coefficients and Seismic Design Parameters
Backfill Slope

Active Earth
Pressure Coef.
Ka

Seismic Earth
Pressure Coef.
Kae

Seismic Thrust Coef.
∆Kae = Kae - Ka

3:1(H:V)

0.33

0.59

0.26

Wall External Stability

External stability analysis was completed for static and seismic conditions and the
assumed wall configuration. The results indicate factors of safety meeting the
requirements in Table 2 for bearing capacity, sliding and overturning for static and
seismic loading. The external stability factors of safety may have to be verified
once the actual wall configuration is established.
GLOBAL STABILITY

Global stability analysis was completed for the wall at Cross-Section B-B’ using the
computer program SLIDE 5.0. A peak ground acceleration of 0.18g was assumed.
This value is consistent with the value used in the wall design and overall slope
stability analysis and is one-half of the estimated peak ground acceleration at the
ground surface for a subduction zone earthquake. The results of the analyses
indicate factors of safety of 1.6 and 1.1, respectively, for static and seismic
loading. Plots of the SLIDE output are included in Appendix D.
CONSTRUCTION RECOMMENDATIONS

Construction Timing

Construction will require working with sandy soils in sloping terrain.
We
recommend completing the work during the dry summer months to minimize
erosion of the sand, improve accessibility, and minimize unnecessary disturbance to
the vegetation along the north trail.
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Excavations/Shoring/Dewatering

Excavations will be required for construction of the south access road wall. The
loose to medium dense sand anticipated within the cuts correspond to an OR-OSHA
Soil Type C. OSHA recommends a maximum temporary cut slope of 1.5:1(H:V) for
these soils. It is the contractor’s responsibility to maintain stable cut slopes.
Permanent cut and fill slopes should be graded to 2:1(H:V), or flatter. Our
exploratory drilling did not encounter ground water. However, seeps or springs
may be encountered.
LIMITATIONS

Construction Observation/Testing

We recommend an FEI representative be present to observe retaining wall
construction, subgrade conditions, fill placement and compaction procedures. Any
geotechnical engineering judgment in the field should be provided by a FEI
representative. Frequent field density tests should be run on all compacted
subgrade and fill.
Variation of Subsurface Conditions, Use of Report and Warranty

The analysis, conclusions, and recommendations contained herein are based on the
assumption that the subsurface profiles encountered in the borings are
representative of the overall site conditions. The above recommendations assume
we will have the opportunity to review final drawings and be present during
construction to confirm the assumed foundation conditions. No changes in the
enclosed recommendations should be made without our approval. We will assume
no responsibility or liability for any engineering judgment, inspection, or testing
performed by others.
This report was prepared for the exclusive use of the City of Newport and their
design consultants for the Tsunami Evacuation Site project in Newport, Oregon.
Information contained herein should not be used for other sites or for unanticipated
construction without our written consent. This report is intended for planning and
design purposes. Contractors using this information to estimate construction
quantities or costs do so at their own risk. Our services do not include any survey
or assessment of potential surface contamination or contamination of the soil or
ground water by hazardous or toxic materials. We assume that those services, if
needed, have been completed by others.
Our work was done in accordance with generally accepted soil and foundation
engineering practices. No other warranty, expressed or implied, is made.
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It has been a pleasure assisting you with this phase of your project. Please do not
hesitate to contact us if you have any questions or require further assistance.
Sincerely,
FOUNDATION ENGINEERING, INC.

David L. Running, P.E., G.E.
Senior Engineer

James K. Maitland, P.E., G.E.
Principal Engineer
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Table 1C. Laboratory Test Results
Sample
Number

Sample
Depth (feet)

Moisture
Content
(percent)

Percent
Fines

SS-1-1

2.5 – 4.0

18.4

1.2

SS-1-2

5.0 – 6.5

19.7

SS-1-3

7.5 – 9.0

14.8

SS-1-4

10.0 – 11.5

15.5

SS-1-5

15.0 – 16.5

11.4

SS-1-6

20.0 – 21.5

15.0

SS-1-7

25.0 – 26.5

18.5

SS-1-8

30.0 – 31.5

15.3

SS-1-9

35.0 – 36.5

16.7

SS-1-10

40.0 – 41.5

16.6

SS-1-11

45.0 – 46.5

17.9

SS-1-12

50.0 – 51.5

15.1

SS-2-1

5.0 – 6.5

14.3

SS-2-2

10.0 – 11.5

13.4

SS-2-3

15.0 – 16.5

10.6

SS-2-4

20.0 – 21.5

12.3

SS-2-5

25.0 – 26.5

14.8

SS-2-6

30.0 – 31.5

17.1

SS-2-7

35.0 – 36.5

17.1

SS-2-8

40.0 – 41.5

17.1

SS-2-9

45.0 – 46.5

16.8

SS-2-10

50.0 – 51.5

16.7

SS-2-11

55.0 – 56.5

14.7
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Slope Stability Analysis
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