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1.0 INTRODUCTION 

Professional Service Industries, Inc. has conducted a Geotechnical Evaluation and Geologic 
Hazard study of the above referenced property to provide engineering recommendations for 
site preparation, grading, foundation and retaining wall design, as well as provide a Geologic 
Hazard Report in general accordance with Tillamook County Code Section 4.070. 
 
In order to accomplish this study, Senior Geologist Kenneth D. Andrieu, R.G., Project 
Engineer Yuxin Lang, E.I.T., and Project Geologist Siobhan R. McConnell, G.I.T. of PSI 
visited the subject property on June 21 and June 25, 2007.  While on and in the vicinity of the 
property we observed slopes, vegetation, surface drainage, exposed and shallow subsurface 
soils, groundwater depths, and general topography of the surrounding areas.  Our 
reconnaissance and geotechnical evaluation included a subsurface investigation using a truck 
mounted drill rig and a small sized track-mounted excavator to explore subsurface soil 
conditions.  There is some risk of undisclosed or unanticipated soil conditions associated with 
this type of investigation.  Our conclusions and recommendations are based on our visual 
observations of the site, our subsurface explorations, our literature review, and our familiarity 
with general geological conditions in the area.  Further subsurface explorations, i.e. additional 
borings and test pits, to better explore the subsurface conditions and reduce your risk can be 
provided at additional cost.  
  
Previous reports, maps, site photos and other information that pertain to the scope of this 
study include the following items: 

 
 

• Preliminary Geotechnical Investigation and Seismic Hazards Evaluation, Proposed 
Neskowin Heights Water Reservoir, Neskowin Heights Subdivision, Neskowin, 
Oregon, dated November 6, 1997, by David J. Newton and Associates. 

 
• Engineering Geologic Hazard Report for Tax Lots 2200 and 2300, Map 5S, 11, 36BC, 

Neskowin, Tillamook County, Oregon, by Ronald G. Larson, P.E., P.L.S., and Jason R 
Morgan, E.I.T. dated March 3, 2000, which included a report by Tom Horning, R.G., of 
Horning Geosciences, dated February 29, 2000. 

 
• Preliminary Engineering Geologic Hazard Report, Portion of Tax Lot 216 (Map 5S, 

11W, 36BD), Tillamook County, Oregon, dated January 25, 2005, prepared by 
Professional Service Industries, Inc. 

 
• Geologic Hazard Report, Tax Lot 1200, Map 5S 11 35DA, Neskowin Heights First 

Addition, Tillamook County, Oregon, dated March 11, 2005, prepared by Professional 
Service Industries, Inc. 
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• Geologic Map of the Tillamook Highlands Northwest Oregon Coast Range Hebo 15 
Minute Quadrangle, United States Geologic Survey (U.S.G.S.) Open File Report 94-
21, 1994. 

 
• Environmental Geology of the Coastal Region of Tillamook and Clatsop Counties, 

Oregon, Oregon Department of Geology and Mineral Industries, Bulletin 74, 1972.  
 

• U.S.G.S. 7.5 Minute Topographic Map of Neskowin Quadrangle, Oregon 1985.   
 

• Aerial photograph of Neskowin and vicinity, dated May 6, 1994, courtesy of 
TerraServer-usa.com website. 

 
• Priest, G.R., 1995, “Tsunami Hazard Map of the Neskowin Quadrangle”, Oregon 

Department of Geology and Mineral Industries Open File Report O-95-24. 
 

• Soil Survey of the Tillamook Area, Oregon, United States Department of Agriculture 
Soil Conservation Service, August 1964. 

 
• Map of Selected Earthquakes for Oregon, 1841 through 2002, Oregon Department of 

Geology and Mineral Industries Open file Report 0-3-02. 

1.1 Project Authorization 

Our scope of work was conducted in accordance with PSI Proposal No. 704-07-P185-R1, 
dated May 25, 2007.  We received your written authorization to proceed on June 15, 2007. 
    

2.0 PROJECT INFORMATION 

2.1 Proposed Construction 

It is our understanding that the proposed development will include approximately 120 
residential lots, paved streets, and underground utilities based on a site layout for Hawk Creek 
Planned Development prepared by SFA Design Group.  The majority of the development will 
be in the central and eastern portions of the property. 

2.2 Subsurface Exploration 

The purpose of this preliminary subsurface exploration and geotechnical engineering analysis 
was to evaluate the soil profile components, determine the engineering characteristics of the 
materials encountered, and to provide geotechnical design criteria to engineers and architects 
for the subject development. 
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In order to evaluate soil conditions at the site four soil borings (B-1 to B-4) were advanced 
using hollow stem auger drilling method with our truck mounted drill rig, and 13 backhoe test 
pits (TP-1 to TP-13) were excavated using a rubber tracked excavator.  During our drilling soil 
samples were routinely obtained through Standard Penetration Tests (SPT) using a safety 
hammer.  Drilling and sampling techniques were accomplished in general accordance with 
ASTM procedures.  Boring and test pit locations are shown on Figure 3 in the Appendix.  Logs 
of the borings and test pits are attached in the Appendix.   
 
Select soil samples were obtained in the field as determined by the PSI representative and 
returned to our laboratory for further evaluation to aid in classification of the materials, and to 
help assess their characteristics.  The laboratory evaluation consisted of visual and textural 
examinations in general accordance with ASTM D2487-00, moisture content tests, an 
Atterberg Limit test, and gradation tests.  Results of the tests are shown on the attached test 
pit logs, and Laboratory Test Result Summary which are located in the Appendix.   
 

3.0 SITE AND SUBSURFACE CONDITIONS 

3.1 Site Location and Description 

The subject property is located to the east of Coast Highway 101 in Neskowin, Oregon (Tax 
Lot 812, Map 5S 11W 25, Figure 1). The site is located north of Summit road and to the 
northeast of the intersection of Summit Road with Coast Highway 101.  The subject property 
was previously developed as a golf course with associated club and maintenance buildings.  
Hawk creek runs to the west-northwest through the central portion of the subject property.  
The property extends to the east of Highway 101 approximately 3000 feet along Hawk Creek, 
spans the valley floor, and rises up the lower part of the toe of the north and south valley 
walls.  The site ranges in width from 300 feet at the east and west ends to upwards of 700 feet 
near the middle of the property. 
  
Photographs of the site are included in the Photo Log, attached at the back of this report. 

3.2 Topography 

Based on the Topographic Map of the Hebo 7.5 Minute Quadrangle (Figure 2) and a survey of 
the subject property for the Preliminary Layout provided by the client (Figure 3) the subject 
property lies at elevations raging from approximately 12 to 100 feet above mean sea level 
(MSL).  The site is located along the floor of a narrow stream valley.  According to Figure 3, a 
relatively level valley floor runs east-west through the middle of the site, sloping down gently 
towards the west at a gradient ranging from 6% at the eastern end of the property to 1% at the 
western end of the property. The southern valley wall slopes down toward the valley floor at a 
gradient ranging from 14% to 22%. The northern valley wall slopes down toward the valley 
floor at a gradient ranging from 22% to 45%.  The preliminary plans that we have at this time 
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do not show any proposed development on the steeper slope along the northern side of the 
property, with the exception of lots 78 to 84 at the eastern end of the site.  According to the 
FEMA Flood Insurance Rate Map (Figure 4), and Figure 3, the far western portion of the 
property, extending up to 500 feet into the property from Highway 101, is a roughly triangular 
shaped area that falls within Zone B (500-year flood), this includes a smaller area designated 
as Zone A5 (100-year flood), with a base flood elevation of 13 feet MSL.  The remainder of the 
subject property is located above the 500 year floodplain in Zone C (areas of minimal 
flooding), and is therefore considered to be at low risk for flood water inundation.  All of the 
proposed home sites shown on the Preliminary Layout used in Figure 3 appear to be located 
within Zone C. 

3.3 Vegetation 

The subject property is currently vegetated with grasses and native shrubs and deciduous and 
evergreen trees.  Sitka Spruce and Western Hemlock trees observed on the subject property 
appear to have primarily undergone straight-trunked growth, indicative of stable soil 
conditions.  The western portion of the property contains some wetlands as shown on as 
shown in Figure 3. 

3.4 Near Surface Soils 

Observations of the site soils were limited to existing soil exposures, observations of 
excavations on adjoining sites, and our subsurface exploration.  Native soils on the project 
site, as mapped by the U.S. Department of Agriculture (Figure 6), consist of Nestucca Brenner 
silt loams (0 to 3 percent slopes), Urban land Urdothents complex (0 to 7 percent slopes), and 
Salander medial silt loam (5 to 30 percent slopes). 
 
The Nestucca Brenner silt loam soils form on flood plains (approximately 10 to 200 feet above 
mean sea level) and are derived from alluvial material from igneous and sedimentary parent 
rock.  These soils are somewhat poorly to poorly drained with moderate shrink swell potential.  
These soils are frequently flooded and ponded and the Brenner component soils meet the 
criteria for hydric soils.     
 
The Urban land Urdothents soils form on flood plains and terraces at elevations ranging 
approximately from 10 to 50 feet above mean sea level.  These soils are somewhat 
excessively drained with low available water capacity.  These soils consist of gravelly sandy 
loam. 
 
The Salander soils occur on benches and terraces at elevations ranging from 50 to 1800 feet 
above mean sea level.  These soils are typically well drained with a high available water 
capacity.  The Salander soils consist of loams and silt loams. 
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We observed the following soil conditions during our site reconnaissance and subsurface 
exploration: 
 

• Topsoil – Up to 1 ½ feet of topsoil was encountered in our borings and test pits that 
consisted of dark brown silt with roots and decomposed organics. 

 
• Fill- In B-1, we encountered from 2 ½ feet of fill consisting of cobbles sand and silt 

used to build the gravel road base at this location. 
 

• Sand- Underlying the topsoil in test pits TP-2 and TP-10 we encountered a brown 
sand with some silt and gravel. 

 
• Silt- Underlying the above soils, we observed brown, dark brown and gray silt with 

varying amounts of sand, clay and gravel. The silt was moist to wet and medium stiff to 
stiff in consistency. 

 
• Buried organics- In borings B-2 and B-3 and test pi TP-12 we encountered wood 

debris within and beneath the silt layer. 
 

• Gravel- Underlying the above soils in borings B-1 to 4 and test pits TP-1 to 3, TP-8 to 
10, and TP-13, we observed moist to wet, medium dense to dense, gray gravel with 
varying amounts of sand silt and cobbles to the maximum depths of our explorations. 
The shallowest that we encountered the gravel was in TP-13 at 1 foot below the 
existing grade; the deepest that we encountered the gravel was in B-1 at 16 feet below 
the existing grade. 

 
• Groundwater - Groundwater was observed at depths ranging from 2 to 15 feet below 

ground surface in the explorations performed on June 21 and June 25, 2007. 
 

The soil profile described above is generalized to highlight the major subsurface stratification 
features and material characteristics. The test pit and boring logs included in the Appendix 
should be reviewed for specific information at individual test locations. These records include 
soil descriptions, stratifications, locations of the samples, and laboratory test data. The 
stratifications shown on the exploration logs represent the conditions only at the actual test pit 
locations.  Variations may occur and should be expected between test locations. The 
stratifications represent the approximate boundary between subsurface materials and the 
actual transition may be gradual.  Water level information obtained during field operations is 
also shown on these exploration logs. The samples that were not altered by laboratory testing 
will be retained for 60 days from the date of this report and then they will be discarded. 
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3.5 Site Geology 

An engineering geologic map of the project area is included as Figure 6. The property is 
located between Nestucca Bay to the north and Cascade Head to the south, within a narrow 
stream valley formed by Hawk Creek.  Figure 6 shows the subject property in an area mapped 
as Holocene and Pleistocene age silty clay alluvial deposits (sc) and Undifferentiated Eocene 
Volcanic Rocks (Tevu).  Tevu consists of several thousands of feet of chloritized basalt flows 
and basalt breccias of submarine and subaerial origin.  In the vicinity of the subject property 
the dunes have been stabilized by vegetation.  Figures 6 and 7 show the area to the north of 
the ridge that lies to the north of the western portion of the property mapped as an inactive 
landslide, with the slide motion away from the property to the northwest. 

4.0 GEOLOGIC HAZARD EVALUATION AND RECOMMENDATIONS 

Potential geologic hazards associated with development at the project site include flooding 
from tsunami inundation and storm surges, potential for buried organics, and earthquake 
induced damage such as tsunami inundation, liquefaction and lateral spread, and sea level 
rise of several feet due to dropping of the North American Plate during a Cascadia Subduction 
Zone earthquake, as well as the effects of ground shaking.  Along the steeper slopes near the 
northern and southern property boundaries, static and seismic slope instability is also 
considered a geologic hazard for this property.  

4.1 Buried Organics 

Based on our limited observations of the geomorphology of the area and subsurface 
materials, and knowledge of the local coastal and fluvial processes, subsurface soils may 
contain buried organic debris.  Concentrations of buried stumps were encountered in borings 
B-2 and B-3.  Buried logs and stumps may be encountered in roadway and foundation 
excavations.  Should any such organic material be encountered during construction activities, 
it should be completely removed and replaced with properly placed engineered fill (see 
section 5.1).  The possibility exists that unknown organic matter could still underlie 
foundations and floor slabs.  Eventual decomposition of the organic matter could lead to 
foundation settlement or loss of subgrade support for slabs on grade.  Continuous spread 
foundations should be designed to span localized areas of settlement or subsidence.  Use of 
isolated footings is not recommended.  

4.2 Slope Stability Considerations and Analysis 

Based on the results of our surface reconnaissance and field soil strength evaluations, as well 
as our engineering judgment, we analyzed local slope stability of the site at two critical 
locations (indicated as cross sections A-A’ and B-B’ in Figure 3).  The slope profiles at these 
locations were obtained from the topographic information provided by the client.  The building 
surcharge in our calculation is assumed as 500 psf.   
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The slope stability analysis was performed using GSTABL7 computer software to obtain factor 
of safety against sliding under the proposed loading conditions.  The stability of the most likely 
failure plane is calculated as the factor of safety (FOS), which is a ratio of the resisting forces 
or shear strength to the driving forces or shear stress required for equilibrium of the slope.  
Based on the standard of practice among the engineering community and our experience, a 
calculated FOS of at least 1.5 is generally acceptable to assure slope stability under static 
loading conditions, while a FOS of at least 1.2 is acceptable for seismic loading conditions.  
 
In the seismic analysis, PGA was taken as 0.56g (note only one half of the PGA was used as 
the horizontal ground acceleration).  The soil parameters used in the slope stability analysis 
are given in the following table.  
 

Table 1 – Soil Parameters Used in the Stability Analysis 
Total Stress Parameters Effective Stress Parameters 

Material Type Φ 
(degrees) 

C 
(psf) 

γ       
(pcf) 

Φ’ 
(degrees) 

C’ 
(psf) 

γ        
(pcf) 

Silt - 1000 115-120 28 150 115-120 

Sandy Gravel 45 - 125-130 45 - 125-130 

Weathered 
Bedrock 45 - 125-130 45 - 125-130 

 
We analyzed the stability of the slope at static condition under the proposed structure load, 
and the results indicated calculated FOS values of 1.82 and 2.67 at Cross-Sections A-A’ and 
B-B’, respectively.  For seismic conditions, the calculated FOS values for the existing slope 
under the assumed structural load are 1.59 and 1.98 at Cross-Sections A-A’ and B-B’, 
respectively.  Based on the analysis results, the existing slope is considered stable under the 
structure loads, and is suitable for the proposed developments.  
 
Specific site grading plans are not known at this time and the stability analysis was based on 
the assumption that the existing slope surface will not be altered significantly by the proposed 
construction.  Based on the calculated factor of safety values, it is recommended that no 
appreciable fill, less than 1 foot for landscaping purposes, be placed on the existing slope 
surface or near the top of the slope. 
 
In addition, we recommend that any permanent cuts into the toe of the slope be structurally 
retained with specifically designed retaining walls.  To alleviate the risk of erosion, properly 
designed drainage systems should be implemented around the structures.  A minimum five-
foot horizontal setback from descending slopes should be maintained for any building and 
retaining wall foundations.  As much of the site as possible should remain vegetated during 
and after construction.    
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4.3 Seismicity and Seismic Hazards 

Oregon’s position at the western margin of the North American Plate and its position relative 
to the Pacific and Juan de Fuca plates have had a major impact on the geologic development 
of the state.  The interaction of the three plates has created a complex set of stress regimes 
that influence the tectonic activity of the state.  The western part of Oregon is heavily impacted 
by the influence of the active subduction zone formed by the Juan de Fuca Oceanic Plate 
converging upon and subducting beneath the North American Continental Plate off the 
Oregon coastline (the Cascadia Subduction Zone).   
 
The Cascadia Subduction Zone, located approximately 100 kilometers off of the Oregon and 
Washington coasts, is a potential source of earthquakes large enough to cause significant 
ground shaking at the subject site.  Research over the last several years has shown that this 
offshore fault zone has repeatedly produced large earthquakes, on average, every 300 to 700 
years.  It is generally understood that the last great CSZ earthquake occurred about 300 years 
ago, in 1700AD.  Although researchers do not agree on the likely magnitude, it is widely 
believed that an earthquake moment magnitude (Mw) of 8.5 to 9.5 is possible.  The duration of 
strong ground shaking is estimated to be greater than 1 minute, with minor shaking lasting on 
the order of several minutes. 
 
Additionally, earthquakes resulting from movement in upper plate local faults are considered a 
possibility.  Crustal earthquakes are relatively shallow, occurring within 10 to 20 kilometers of 
the surface.  Oregon has experienced at least two significant crustal earthquakes in the past 
decade—the Scotts Mills (Mt. Angel) earthquake (Mw 5.6) on March 25, 1993 and the Klamath 
Falls earthquake (Mw 5.9) on September 20, 1993. Based on limited data available in Oregon, 
it would be reasonable to assume a Mw 6.0 to 6.5 crustal earthquake may occur in Oregon 
every 500 years (recurrence rate of 10% in 50 years).  There is an unnamed offshore thrust 
fault approximately 3 miles offshore to the west of the property.  Offshore faults in the region 
are typically active within the last 15,000 years with slip rates of 1mm to 5mm per year.  
Seismic design should be conducted in accordance with the methods outlined in the 2003 
International Residential Code.  
 
In accordance with Table 1613.5.2 of the Oregon Structure Specialty Code, Edition 2007 
(OSSC, 2007) which is based on IBC, 2006, we recommend a Site Class D for this site.  That 
recommendation is based on the presence of saturated silt, sand, and gravel deposits, and 
the limited depth of our investigation.  According to the 2002 United States Geological Survey 
(USGS) Earthquake Hazards website http://eqint.cr.usgs.gov/eq/html/lookup-2002-interp.html, 
the Peak Ground Acceleration (PGA) is 0.565g, and the maximum considered earthquake 
(MCE) ground motions for the site are SS=1.350g and S1=0.676g (for Site Class B and 5 
percent critical damping).  The USGS website values are a more accurate interpolation of the 
values presented in Figure 1613.5(1) and Figure 1613.5(2) of the OSSC, 2007. 
 



Professional Service Industries, Inc. 
Information To Build On 

    
Hawk Creek Planned Development 
PSI Report No.: 704-75161-1-R1                            
July 16, 2007 
Revised May 2, 2008 
  

Page 10

In accordance with Tables 1613.5.3(1) and 1613.5.3(2), Site Coefficients Fa and Fv are 1.0 
and 1.5, respectively for a Site Class D.  Therefore the adjusted MCE ground motions are 
SMS=1.350g and SM1=1.014g.  The return interval for these ground motions is 2 percent 
probability of exceedance in 50 years. 
 
It should be noted that a Site-Specific Seismic Evaluation was beyond the present scope of 
services for this project.  Such an evaluation could be performed at an additional fee with your 
written authorization. 
 
Local site hazards associated with seismic activity include the following: 
 

• Fault Rupture Hazard 
 
According to a review of the available literature there are no currently mapped faults within the 
specific project area.  It appears that all currently mapped faults are at least 3 miles from the 
site.  Based upon this information we would classify the risk of fault surface rupture to be low.  
However, it should be noted that western Oregon is considered to be seismically active and 
faults may be present closer than 3 miles, but concealed by the overlying geology and 
vegetation canopy.  
 

• Liquefaction and Lateral Spread Hazard 
  
Liquefaction involves the substantial loss of shear strength in saturated soil, usually taking 
place within a soil medium exhibiting a uniform fine-grained characteristic such as sands or 
silty sands, loose consistency, and low confining pressure when subjected to impact by 
seismic or dynamic loading.  Based on our geotechnical evaluation including, on-site soil 
conditions, SPT N-values, and depth to groundwater, the site is considered to have low risk 
potential for soil liquefaction and lateral spread.  We determined the risk potential is low 
primarily because the absence of liquefiable soils in the upper 50 feet of soil deposit.  
Additionally, we do not anticipate the lateral spreading issue due to the soil types 
encountered. 
  

• Earthquake Induced Landslide Hazard 
 
Based on our slope stability analysis, the moderate slopes on the site that are planned for 
development appear to be stable under seismic conditions. 
 

• Tsunami Hazards 
 
A tsunami, or seismic sea wave, is produced when a fault under the ocean floor shifts 
vertically, displacing the seawater above it.  The risk of tsunami inundation of this property is 
considered high due to most of the site being within the tsunami inundation zone established 
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by the Oregon Department of Geology and Mineral Industries.  Figure 8 exhibits the tsunami 
inundation levels for the subject and surrounding properties. 

4.4 Flood Hazards and Shallow Groundwater 

In addition to flood inundation by tsunami, the high water table and abundant surface water on 
and near the subject property indicate that the western portion of the property is subject to 
localized flooding, particularly during the winter and spring months of high rainfall.  As depth to 
groundwater is expected to be less than five feet below ground surface in the area of the site, 
with some variation due to (a) proximity to surface waters and (b) seasonal variations in 
precipitation localized flooding in the western portion of the site is considered likely over the 
design lifetime of the homes.  The risk of such flooding or tsunami inundation in our opinion 
represents the most likely geologic hazard to the property.  Building pads and roadways should 
be built above the 100-year flood elevation to reduce the risk of the flood hazard on the property.  
Figure 7 does show western portion of the subject property in a flood area and an area of shallow 
groundwater. 

5.0 GEOTECHNICAL DESIGN RECOMMENDATIONS 

5.1 Site Preparation and Structural Fill Recommendations 

We recommend that the proposed building lots be graded with structural fill to elevate the 
building pads and provide positive surface drainage away from the home site crawl spaces.  
Any areas that are to receive structural fill should be stripped of topsoil, organic debris, non-
engineered fills, or other soft or wet soils.  Once stripped, the native subgrade surface should 
be observed by a representative of the geotechnical engineer to verify proper stripping and 
removal has been accomplished.  The fill subgrade should be proof-rolled using a fully loaded 
ten yard dump truck or similar heavy, rubber-tired construction equipment under the 
observation of a representative of the geotechnical engineer. 
 
Structural fill material may consist of a well graded soil and/or soil gravel mixture that can be 
moisture conditioned and compacted as described below.  The on-site silty and gravelly 
deposits are suitable for use as structural fill; however, moisture content will most likely have 
to be adjusted to coincide with the moisture range required for structural fill.  If import 
materials are to be used as structural fill, we recommend that the materials consist of well-
graded granular soil with not more than 10 percent passing the number 200 sieve.  Pit run (not 
rounded) sand and gravel or crushed quarry rock will likely provide an acceptable grade of 
imported fill.  We should approve the material prior to delivery to the site. 
 
All required structural fill should be moisture conditioned within 2 percent of optimum moisture 
content and compacted by mechanical means to a minimum of 95 percent of the materials 
maximum dry density as determined in accordance with ASTM D1557 (Modified Proctor).  If 
water must be added, it should be uniformly applied and thoroughly mixed into the soil by 
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disking or scarifying.  Fill materials should be placed in layers that, when compacted, do not 
exceed about 8 inches.  Compacted engineered fill should be tested by a representative of the 
geotechnical engineer. 
 
The structural fill should extend horizontally at least five feet beyond the outside edge of 
foundations before sloping downward.  We recommend that permanent fill slopes be 
constructed no steeper than 2H:1V.  Fill slopes should be overbuilt and then cut back to 
2H:1V.  The surfaces of slopes should be protected from erosion by seeding, sodding, or 
other acceptable means. 
 
We recommend that PSI review final grading and foundation designs for each lot to check that 
our recommendations have been properly interpreted.    We also recommend that general site 
grading and footing subgrades should be observed by a representative of the Geotechnical 
Engineer to verify the subgrade soils and footing elevations are similar to those anticipated.  
These observations should be conducted prior to placing forms or concrete for footings.   

5.2 Excavation and Dewatering 

Based on our investigation results, it is expected that in most cases the trenches will be dug 
through the medium stiff silt and medium dense sandy gravel deposits.  Due to the highly 
pervious nature of the gravelly material and the relatively high groundwater table in the low 
lying area (approximately 3 to 5 feet in depth at the time of exploration), we recommend that 
the trench excavation be performed during dry seasons. The depths of the trenches should be 
kept as shallow as possible, preferably above the groundwater table.   
 
The native silt encountered on site can be classified as type B soil above the groundwater 
table, and as type C soil below the water level.  The water bearing sandy gravel deposit 
should be classified as type C soil.  All excavations deeper than four feet or below the 
groundwater table should be sloped back to safe configurations or protected using temporary 
shoring if vertical excavation is to be carried out.  The temporary support of the trench wall 
may be consisted of box shoring or closed sheeting, as a minimum, unless other forms of 
shoring are required for stability.   
 
Excavations for sewer trenches above the water table are not expected to pose any major 
problems.  Seepage of perched groundwater may occur in excavations.  Seepage from the 
perched groundwater or from wet seams and/or pockets of groundwater (as may be the case 
in the sloping portion of the site) may be controlled by conventional methods of collection and 
filtered pumping from temporary ditches and or sumps.  If excavations extend into the water-
bearing sandy gravel deposit (as may be the case in the low lying portion of the site), then 
extensive dewatering (including well points) may be required.   
 
Excavation and construction operations may expose the on-site soils to inclement weather 
conditions.  The stability of exposed soils may rapidly deteriorate due to a change in moisture 
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content (i.e. wetting or drying) or the action of heavy or repeated construction traffic.  
Accordingly, foundation and pavement area excavations should be adequately protected from 
the elements, and from the action of repetitive or heavy construction loadings. 
 
In Federal Register, Volume 54, No. 209 (October 1989), the United States Department of 
Labor, Occupational Safety and Health Administration (OSHA) amended its "Construction 
Standards for Excavations, 29 CFR, part 1926, Subpart P".  This document and subsequent 
updates were issued to better insure the safety of workmen entering trenches or excavations.  
It is mandated by this federal regulation that excavations, whether they be utility trenches, 
basement excavations or footing excavations, be constructed in accordance with the new 
OSHA guidelines.  It is our understanding that these regulations are being strictly enforced 
and if they are not closely followed, the owner and the contractor could be liable for 
substantial penalties.  The contractor is solely responsible for designing and constructing 
stable, temporary excavations and should shore, slope, or bench the sides of the excavations 
as required to maintain stability of both the excavation sides and bottom.  The contractor's 
"responsible person", as defined in 29 CFR Part 1926, should evaluate the soil exposed in the 
excavations as part of the contractor's safety procedures.  In no case should slope height, 
slope inclination, or excavation depth, including utility trench excavation depth, exceed those 
specified in local, state, and federal safety regulations. 
 
We are providing this information solely as a service to our client.  PSI does not assume 
responsibility for construction site safety or the contractor's compliance with local, state, and 
federal safety or other regulations. 

5.3 Utility Bedding and Backfilling  

The drilled borings show that on site deposits in their undisturbed state are suitable to provide 
adequate support for the utility pipes.  The bedding material for the planned utilities may 
consist of well-graded granular material such as ¾ inch minus crushed aggregate, especially 
below the groundwater level.  The recommended minimum thickness of granular bedding 
below the pipe invert is 6 inches.  The thickness of the bedding may, however, have to be 
increased depending on the pipe diameter or if wet or weak subgrade conditions are 
encountered.  After installing the pipe on the bedding material, an envelope of approved 
granular bedding material should be placed, extending at least 12 inches above the pipe 
obvert.   
 
The backfill for the utility trenches may consist of relatively clean granular material with the 
maximum grain size of 2 inches and having less than 5 percent material passing the No. 200 
sieve.  Unsuitable materials such as organic soils, boulders, cobbles, etc. should not be used 
for backfilling.  The on site silty and gravelly deposits are suitable as the backfill materials.  
The granular backfill material should be compacted to at last 92% of the material's maximum 
dry density as determined in accordance with ASTM D 1557 (Modified Proctor) in the upper 5 
feet of the trench and to at least 90% of the maximum dry density below a depth of 5 feet.  
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5.4 Pavement Recommendations 

The thickness recommendations presented below are considered typical and minimum for the 
assumed parameters.  We understand that budgetary considerations sometimes warrant 
thinner pavement sections than those presented.  However, the client, and the project 
principals should be aware that thinner pavement sections often result in increased 
maintenance costs and lower than anticipated pavement life.  The pavement subgrade should 
be prepared as discussed in the site preparation section of this report.  We estimated the 
subgrade soils have a CBR of at least 5.  Making this assumption, it is possible to use a 
locally typical “standard” pavement section consisting of the following: 
 

Table 2 – Pavement Recommendations 
 Thickness Recommendations (inches) 
Pavement Materials Car Parking Drive Lanes/Truck Routes 
Asphalt Surface Course 2.5 4 
Crushed Stone Base 6 8 

Water should not be allowed to pond behind curbs and saturate the base materials.  If the 
base material consists of granular fill, it should extend through the slope to allow any water 
entering the base stone a path to exit.   
 
The project Geotechnical engineer should accomplish a site specific pavement design when 
actual traffic and loading information is available. 

5.5 Foundation Design  

Foundations for homes and retaining walls may obtain support from firm, non-organic native 
poorly graded sand or newly installed structural fill.  Foundations bearing on medium stiff 
native silty soil may be designed for an allowable soil bearing capacity of 1,500 pounds per 
square foot.  Foundations underlain by a minimum of three feet of engineered fill installed as 
described above may be designed for an allowable bearing capacity of 2,000 pounds per 
square foot.  As discussed above, the outside edge of the footings should be a minimum of 5 
feet from the edge of the fill pad slope face. Continuous footings should be at least 16 inches 
in width.  Wall footings exposed to weather should extend to a minimum depth of 18 inches 
beneath the lowest adjacent exterior grade to provide sufficient soil protection against frost 
and other adverse elements.  Interior footings and exterior footings not exposed to weather 
can be located at nominal depths compatible with architectural and structural considerations. 
We estimate that foundations designed and constructed in accordance with the above 
recommendations will experience total settlements generally less than 1-inch with differential 
settlement between adjacent columns generally less than ½-inch. 

5.6 Retaining Wall Design 

Lateral earth pressures on walls which are not restrained at the top, such as retaining wall, 
etc., may be calculated on the basis of an equivalent fluid density of 35 pounds per cubic foot 
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(pcf) for level backfill and 60 pcf for backfill sloping less than 2 horizontal to 1 vertical.  Walls 
that are restrained from yielding at the top may be calculated on the basis of an equivalent 
fluid density of 55 pcf for level backfill and 90 pcf for backfill sloping less than 2 horizontal to 1 
vertical.  Lateral loads may be resisted by passive pressures acting against footings and by 
frictional resistance between foundation elements and supporting soils.  An equivalent fluid 
density of 250 pcf and a friction factor of 0.3 may be used for design for foundations bearing 
on and resisted by native soil or engineered fill.  The recommended equivalent fluid pressures 
include a factor of safety of 1.5, which is appropriate due to the amount of movement required 
to develop full passive resistance. 
 
All backfill for retaining walls, foundation walls, etc., should consist of select granular material 
(crushed rock or sandy gravel).  We anticipate that on site sand will be suitable for this 
purpose.  The recommended equivalent fluid pressures do not include the influence of 
adjacent surcharge loads other than pressures for a 2 horizontal to 1 vertical or flatter back 
slope.  The actual pressure on the walls will vary according to material types and backfill 
materials used and how the backfill is compacted. 

5.7 Drainage 

Adequate subsurface drainage systems should be designed and installed around home sites.  
Low point crawl space drains should be installed to drain by gravity to approved discharge 
points.  All roof, yard, and other upland surface water should be directed to approved 
discharge points down slope of the home or earth retaining walls.  Under no circumstances 
should storm water be directed into a subsurface drain system (such as foundation drains).  
Surface and subsurface discharge should be routed to drain to an approved outlet such as the 
creek that lies in the middle portion of the property.  PSI geotechnical representatives should 
be contacted at the time of construction to observe and document drainage installation per our 
recommendations 

5.8 Development Suitability Summary 

It is our opinion that by implementing the grading, drainage, foundation and retaining wall 
design recommendations, and other geotechnical design and construction recommendations 
described in this report, the property can be developed for residential purposes as intended, 
subject to limitations and conditions described in this report.  Upon developing a conceptual 
design that includes a proposed grading plan and preliminary foundation and retaining wall 
systems we recommend that we be contacted to review the grading plan and 
foundation/retaining wall designs and slope stability concerns to check that our design 
recommendations have been properly implemented.  
 
At the time of construction, it is recommended that the appropriate professionals be contacted 
to verify that their design and construction recommendations have been properly interpreted 
and implemented.  




