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February 10, 2016 
Project No. 3016.1.1 

 
 
 
Northwest Housing Alternatives 
2316 SE Willard Street 
Milwaukie, Oregon  97222 
 
Attention: Ms. Susan Wilson 
 
Subject: Geotechnical Investigation 
  Proposed 1-Acre Residential Development  

314 Pleasant Avenue 
Oregon City, Oregon 

 
Dear Ms. Wilson: 
 
As requested, Northwest Geotech, Inc. (NGI) has completed a geotechnical investigation in 
support of the subject project.  Our investigation consisted of subsurface exploration, laboratory 
testing, engineering analysis, and preparation of this report.  This report summarizes our 
findings and presents specific recommendations for the design and construction of the proposed 
site improvements. 
 
SITE DESCRIPTION 

The subject site consists of an approximate 1-acre irregularly shaped parcel (Tax Lot 
22E32CC04700) and is located at the northwest corner of Pleasant Avenue and Caufield Street 
in Oregon City, Oregon as shown on the Location Map, Figure 1.  The site is bound to the south 
by Caufield Street and Pleasant Avenue, to the east by Molalla Avenue and to the north and 
west by existing residential properties.  The site slopes down to the northeast with overall 
topographic relief of about 19 feet based on the survey provided.  Slope gradients across the 
site vary from about 4.5 percent to 22 percent.  The property was formerly occupied by a single 
family residence and two outbuildings; however, these structures had been demolished at the 
time of our subsurface exploration.  Vegetation at the site consists of grass and scattered 
evergreen and coniferous trees.     
 
PROJECT DESCRIPTION 

The project is planned to consist of constructing a new multi-family residential development 
consisting of a cluster of 4 to 5 detached structures of two stories in height.  It is anticipated that 
the structures will be of conventional light frame construction with raised floors or concrete slab 
on grade floors.  Associated improvements are anticipated to include paved parking and access 
drives, underground utilities, concrete curbs and walks, and landscaping.  Development plans 
for the project have yet to be developed. 
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SUBSURFACE EXPLORATION 

NGI completed a subsurface exploration of the subject site on January 27, 2016.  The 
exploration consisted of drilling 5 exploratory borings to depths of 16.5 feet in the approximate 
locations shown on the Site Plan, Figure 2.  Each boring was logged by an engineer from our 
office who visually classified the subsurface soils in accordance with the Unified Soil 
Classification System (USCS).  Bulk and relatively undisturbed samples of the subsurface soils 
were collected and returned to our laboratory for further examination and testing.  Standard 
penetration tests (SPT) were also conducted at selected depth intervals to evaluate the 
consistency or relative density of the soil deposits.  Detailed boring logs are presented in 
Appendix A. 
 
LABORATORY TESTING 

Representative soil samples obtained during our subsurface exploration program were tested in 
the laboratory to verify field soil classification and to evaluate selected engineering properties.  
The laboratory testing program consisted of the following: 
 

 Moisture Content 

 Dry Density 

 Atterberg Limits 
 
The moisture content and dry density test results are shown on the boring logs.  The Atterberg 
limits test result is presented in Appendix B. 
 
SUBSURFACE CONDITIONS 

The site is mantled with one to two feet of soft topsoil and/or disturbed native soil.  Below these 
materials, undisturbed native soil consisting of firm to stiff, slightly sandy, silty clay was 
encountered extending to depths of 9.5 to 16.5 feet.  These silty clay deposits are considered to 
be of moderate plasticity and potentially expansive based on the building code definition.  In 
borings B-1 through B-3 stiff, slightly sandy, silty clay and medium dense, silty clayey sand to 
stiff, silty clay were encountered at depths of 9.5 to 13.5 feet. 
 
Groundwater was encountered at depths of 7 and 3.5 feet in borings B-1 and B-4, respectively. 
Groundwater conditions are expected to fluctuate seasonally. 
 
FINDINGS AND CONCLUSIONS 

From a geotechnical engineering standpoint, the subject property is considered suitable for the 
proposed development provided the recommendations presented in the following sections of 
this report are incorporated into the design and construction of the project.  
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RECOMMENDATIONS 

Site Preparation 

Prior to grading, the site should be cleared of vegetation and surface or buried obstructions.  
Water wells to be removed should be capped below finished site grades and abandoned in 
accordance with local and state guidelines.  Removal of topsoil, fill, or any soft, organic, or 
otherwise unsuitable soils will be required beneath proposed embankment fill, pavements and 
building areas.  It is anticipated that overall topsoil stripping will be approximately 12 to 24 
inches with some localized increases due to vegetation and root zones or existing fill.  The 
stripping depths will need to be confirmed by the geotechnical engineer’s representative prior to 
placement of building components, pavement sections, or structural fill.   
 
Voids resulting from removal of buried or surface obstructions located in structural areas (such 
as a heating oil or septic tank) should be backfilled with clean, well graded, crushed aggregate 
compacted to a minimum of 92 percent of ASTM D1557 (modified Proctor) as outlined below.  
 
Materials for Fill 

The on-site soils at the site are generally considered to be suitable for use as structural fill 
provided they are free of organic materials, debris, and rock fragments in excess of 6 inches in 
dimension.  However, it is likely that the near surface fine-grained soils will have moisture 
contents well in excess of optimum moisture conditions, except perhaps during the driest portion 
of the year, and will require significant drying to achieve compaction.   
 
Wet weather grading is not generally recommended at this site.  Should grading activities 
proceed during the wet weather months, the use of imported granular fill such as clean sand, pit 
run gravel, or crushed aggregate (containing less than 5 percent material passing the No. 200 
sieve) is recommended. 
 
Representative samples of the materials to be used for fill will need to be tested in the 
laboratory by the geotechnical engineer’s representative to determine the maximum density and 
optimum moisture content. 
 
Structural Fill 

All fill materials placed within structural areas should be compacted while at a moisture content 
near optimum and to a density that is not less than 92 percent of the maximum dry density as 
determined in accordance with ASTM D1557 (modified Proctor).  Where fill is required on 
ground sloping in excess of 5 horizontal to 1 vertical, the fill should be constructed by benching 
the slope prior to fill placement.  The number and location of benches should be evaluated by 
the geotechnical engineer’s representative during construction.  In the event that springs are 
encountered, underdrainage (such as french drains or drainage blankets) may be required to 
mitigate groundwater conditions prior to placement of structural fill.  For non-structural areas, 
the compacted dry density should not be less than 85 percent of the modified Proctor.  Unless 
otherwise specified, the fill materials should be placed in layers that, when compacted, do not 
exceed 8 inches in thickness.  Structural fill will need to be tested by the geotechnical engineer’s 
representative during construction. 
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Trench Backfill 

We recommend that trench backfill consist of a clean crushed aggregate (or other suitable 
granular material) containing less than 5 percent fine materials passing the No. 200 sieve.  
Appropriate bedding materials should be placed beneath pipes to ensure no point or 
concentrated loading. 
 
All granular trench backfill above the pipe zone and within structural areas should be compacted 
by mechanical means to at least 92 percent of the maximum dry density determined in 
accordance with ASTM D1557 (modified Proctor).  The trench backfill will need to be tested by 
the geotechnical engineer’s representative.   
 
Cut/Fill Slopes 

Temporary cut slopes in excess of 4 feet in height and exposing the fine-grained on-site soils 
should be constructed no steeper than 1 horizontal to 1 vertical to a maximum height of 8 feet.  
If temporary cut slopes in excess of 8 feet in height are required or when groundwater seepage 
is encountered, this office should be consulted.   
 
Permanent cut and fill slopes should be constructed no steeper than 2 horizontal to 1 vertical.  
Permanent slopes should be vegetated as soon as practical to minimize erosion.   
 
Protection of Exposed Ground 

Excavation and construction operations will expose the near-surface moisture sensitive soils to 
inclement weather conditions.  The exposed soils will likely rapidly deteriorate due to 
precipitation and/or the action of repetitive heavy construction equipment.  Accordingly, walls 
and floors of excavations should be protected from the elements and from the action of 
repetitive construction traffic.   
 
There is the likely potential that tire mounted earthwork equipment could induce excess pore 
water pressures in the near surface soils that could result in severe pumping (and disturbance) 
of the grade.  This condition may be present irrespective of whether the project is completed in 
dry or wet weather months.  In addition, rubber tired equipment could cause upward movement 
of water through capillary action where near-surface seepage conditions are present.  NGI has 
provided wet weather geotextile and aggregate thickness recommendations for construction 
access and staging areas and these sections should be considered minimum sections to be 
used in conjunction with track-mounted equipment.     
 
Wet Weather Grading/Erosion Control 

Wet weather grading of the near surface, moisture-sensitive soils is not generally 
recommended.  In the event that wet weather grading is unavoidable due to construction 
schedules; stabilization of the subgrade soils with a geotextile and aggregate (or by other 
means) will likely become necessary.  Also, construction traffic should be directed over access 
roads and staging areas constructed of a minimum of 12 inches of crushed aggregate placed 
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over a geotextile such as Mirafi 500X (or equivalent).  In addition, the use of lightweight track-
mounted equipment is recommended to minimize disturbance of the subgrade.  Erosion control 
measures will need to be undertaken to meet Clackamas County and project requirements. 
 
Excavations 

Based on the subsurface exploration, it is anticipated that excavations can be accomplished 
using conventional heavy earthmoving equipment.  Temporary excavations in excess of 4 feet 
in depth will require shoring or sloping of the sidewalls to provide for worker safety.  At the time 
of the subsurface exploration in January 2016, groundwater was encountered at depths of 7 and 
3.5 feet in borings B-1 and B-4, respectively.  Groundwater conditions are expected to fluctuate 
seasonally.  Excavations below the water table or where significant groundwater seepage is 
encountered will need to be dewatered during construction.  
 
Building Foundations 

Building loads may be supported on individual and/or continuous spread footings bearing on 
undisturbed native soils or compacted structural fill.  Foundations may be designed for an 
allowable dead plus live load bearing capacity of 2,000 pounds per square foot with an increase 
of one-third allowed for short term wind or seismic loads. 
 
Footings should be embedded a minimum of 18 inches below the lowest adjacent finished 
grade.  Continuous and/or individual spread footings should be a minimum of 15 inches in the 
least dimension.  If footing excavations are left open during wet weather periods or if seepage 
occurs, a 2 to 3 inch thick layer of clean crushed aggregate should be placed and seated by 
mechanical means to help avoid deterioration of the bearing soils. 
 
Lateral loads can be resisted by passive pressures acting against footings and by frictional 
resistance between foundation elements and supporting soils.  A passive resistance of 200 
pounds per square foot per foot of embedment depth and a friction factor of 0.30 may be used 
for design.  The friction factor can be increased to 0.35 if crushed aggregate is used to support 
footings. 
 
Settlement is anticipated to be within typical construction tolerances of one inch of total 
settlement and one-quarter to one-half inch of differential settlement.  Where unusual loading 
patterns result in large differential loads, combined footings, eccentrically loaded footings, or 
other special foundation requirements, this office should be consulted.  Foundations should be 
reinforced in accordance with structural considerations.  Due to the potentially expansive soil 
conditions, reinforcement is recommended to include, at a minimum, two number 4 bars in the 
foundation and two number 4 bars in the stemwall. 
 
Retaining Walls 

Retaining walls should be designed to withstand lateral earth pressures and any adjacent 
surcharge loads.  Walls free to deflect and retaining level backfill composed of free-draining 
sand or gravel (containing less than 5 percent material passing the No. 200 sieve) may be 
designed for an equivalent fluid active pressure of 35 pounds per cubic foot.  The on-site soils 
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are not generally recommended for wall backfill.  Restrained walls should be designed for an 
equivalent fluid at-rest pressure of 50 pounds per cubic foot.  Additional surcharge pressures 
from adjacent loadings or sloping backfill conditions should be added to these values.   
 
For seismic loading, a unit pseudostatic force equal to 7.1 pcf (H)2; where H is the height of the 
wall in feet, should be added to the static active or at-rest lateral earth pressure.  The location of 
the pseudostatic force can be assumed to act a distance of 0.6H above the base of the wall.   
 
The above design considerations assume that walls will be appropriately drained to prevent 
buildup of hydrostatic pressures.  Wall foundations should be designed in accordance with the 
recommendations presented in the building foundations section of this report. 
 
Floor Slabs 

Floor slabs should be at least 3.5 inches in thickness and underlain by a minimum of 6 inches of 
clean, free-draining, crushed rock compacted to a minimum of 95 percent of the maximum dry 
density as determined in accordance with ASTM D1557 (modified Proctor).  Interior floor slabs 
should also be underlain by a suitable moisture barrier covered with a protective layer of clean 
sand.  Slab thickness and reinforcing should be determined in accordance with structural 
considerations.  Due to the potentially expansive soil conditions, reinforcement is recommended 
to include welded wire mesh at a minimum. 
   
Seismic Design 

Based on the subsurface exploration and the 2012 IBC as modified by the 2014 OSSC the 
following seismic design parameters are recommended for the project.   

 
Mapped Spectral Acceleration for Short Periods: Ss = 0.93 

Mapped Spectral Acceleration for a 1-Second Period: S1 = 0.40 

Site Class: D 

Site Coefficients: Fa = 1.13 and Fv = 1.60 

Design Spectral Response Acceleration at Short Periods: SDS = 0.70 

Design Spectral Response Acceleration at 1-Second Period: SD1 = 0.43 
 

The potential for seismic induced soil liquefaction at the site is considered to be low based on 
the plasticity of the subsurface soils.  The risk of seismic slope instability at the site is also 
considered to be low.  Based on the USGS Quaternary Fault Map, the site is located 
approximately 2.4 miles from the nearest mapped fault.  Generally the risk of surface 
displacement is considered to be low if the site is more than 1000 feet from a mapped fault 
trace. 
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Temporary Construction Drainage 

Surface water should be diverted from excavations by means of temporary drainage facilities.   
Excavations should be de-watered as necessary by pumping or other suitable methods.  
Ponding of surface water in structural areas should also be prevented to the extent practical 
utilizing temporary drainage facilities. 
 
Permanent Site Drainage 

Surface water should be diverted from foundations by grading the ground surface a minimum of 
2 percent away from walls and carrying the runoff from roofs to a suitable gravity outlet.   
 
Permanent subsurface drainage of each building perimeter is recommended to prevent potential 
subjection of foundations and slabs to hydrostatic pressures and to help keep the moisture 
content of subgrade materials from extreme seasonal variations.  Construction of a continuous 
subdrain system which surrounds the building perimeter and is sloped (minimum 0.5 percent) to 
a suitable gravity outlet is recommended.  A suitable subdrain system would consist of a 4-inch 
diameter, perforated PVC pipe (typical) embedded below and adjacent the bottom of footings 
and backfilled with approved drain rock.  The type of PVC pipe to be utilized may depend on 
building agency requirements and should be verified prior to construction.  In addition, to 
prolong the life of the subdrain system, NGI recommends lining the trench excavation with a 
geotextile filter such as Mirafi 140N or equivalent.  The subdrain excavation should be 
constructed in a manner to prevent undermining of any foundation or slab component or 
disturbance to supporting soils.   

  
In addition to the perimeter subdrain system, drainage of crawlspace areas is recommended.  
Each crawlspace should be graded to a low point for installation of a crawlspace drain that is 
tied into the perimeter subdrain and tight-lined to a suitable gravity outlet.   
 
In the event that the subdrains are tied into the rain (roof) drain system, an approved backflow 
device will be required.  If backflow devices are not allowed, these systems should be run 
independently.   
 
Asphaltic Concrete Pavements 

Although no specific pavement design was completed for the project, we recommend the 
following minimum flexible pavement sections based on assumed traffic, the subsurface 
conditions, and our experience with similar projects.   
 

Cars and Light Trucks Only 
 

 2.5 Inches of Asphaltic Concrete Pavement 

 8.0 Inches of Crushed Aggregate Base 
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Occasional Heavy Trucks 
 

 3.0 Inches of Asphaltic Concrete Pavement 

 10.0 Inches of Crushed Aggregate Base 
 
If significant heavy truck traffic is anticipated, this office should be consulted. 
 
Prior to placement of the base course, the ground surface should be stripped of topsoil, existing 
fill, or otherwise unsuitable soils as described above for general grading operations.  The upper 
6 inches of exposed subgrade should then be scarified and compacted to at least 92 percent of 
maximum dry density by ASTM D1557 (Modified Proctor).  The scarification procedure may be 
waived at the discretion of the soils engineer if proof-rolling of the subgrade with a fully loaded 
dump truck (or probing) reveals suitable conditions.  A geotextile such as Mirafi 500X (or 
equivalent) is recommended to be placed between the subgrade and baserock section.  
Embankment fills and aggregate base for paved areas should be compacted to a minimum of 
92 and 95 percent ASTM D1557, respectively.  Asphaltic concrete pavements should be 
compacted to a minimum of 91 percent of the theoretical maximum density per ASTM D2041 
(Rice Gravity).  Aggregate base and asphaltic concrete materials should meet the requirements 
as outlined in the current Oregon Department of Transportation Standard Specifications.   
 
ADDITIONAL SERVICES 

Design Review 

This geotechnical report pertains to a specific site and development.  It is not applicable to 
adjacent sites nor is it valid for types of developments other than that to which it refers.  Any 
variation from the site or development necessitates a geotechnical review in order to determine 
the validity of the design concepts evolved herein. 
 
Additionally, a geotechnical review of final plans and specifications is necessary to determine 
whether our recommendations have been property interpreted and incorporated in the design 
and construction documents.    
 
Construction Monitoring 

Because of the judgmental character of soil and foundation engineering, as well as the potential 
for adverse circumstances arising from construction activity, observations during site 
preparation, excavation, and construction will need to be carried out by the geotechnical 
engineer or his representative.  These observations then may serve as a basis for confirmation 
and/or alteration of geotechnical recommendations or design guidelines presented herein to the 
benefit of the project.  Moreover, field engineering observations become increasingly important 
should earthwork proceed during adverse weather conditions. 
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LIMITATIONS 

Within the limitations of scope, schedule, and budget, our services have been completed in 
accordance with the General Conditions with our Client and accepted geotechnical practices in 
this area at the time this report was prepared.  One copy of our General Conditions is included 
in Appendix C of this report.  This report was prepared for the exclusive use of NGI’s client for 
the specific project and NGI does not authorize the segmented use of the advice herein nor the 
reliance upon the report by third parties without written authorization of NGI.  The boring logs 
and related information depict generalized subsurface conditions only at these specific locations 
and at the particular time the subsurface exploration was completed.  Soil and groundwater 
conditions at other locations may differ from the conditions at these boring locations.  Also, the 
passage of time may result in a change in the soil and groundwater conditions at the site.  This 
report pertains to the subject site only, and is not applicable to adjacent sites nor is it valid for 
types of development other than that to which it refers.  Unless explicitly addressed in this 
report, slope stability analyses and seismic site hazard analyses have not been included.  If you 
would like NGI to complete these services, please contact our office. 
 
This opportunity to be of service is sincerely appreciated.  If you should have any questions, 
please contact our office. 
 
Respectfully submitted, 
 
NORTHWEST GEOTECH, INC. 
 
 
 
 
 
  
 
 
 
 
 
 
                                                                                                                           
Wayne R. Olsen, P.E., G.E.        Thomas S. Ginsbach, P.E., G.E. 
Project Engineer President 
 
Copies:            (3) Addressee 
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