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PROJECT PURPOSE, NEED AND DESIGN SOLUTION

The goal of the project is to study the feasibility of extending the Trolley Trail, a shared-
use path for bicycles and pedestrians, across the Clackamas River at the site of an
abandoned trolley bridge that collapsed in 2014. The project would include a new bridge
structure and approach paths, creating an exciting new active transportation link and
providing pedestrians and bicyclists with a safe and convenient route between the
communities of Gladstone and Oregon City. The purpose of this report is to evaluate
alternatives, determine a recommended alternative, and produce conceptual bridge plans
and cost estimate. Funding for final design and construction has not yet been secured.

EXISTING CONDITIONS AND DESIGN STANDARDS

The Project site follows an alignment beginning in Gladstone, extending southeasterly
along Portland Avenue, from the south edge of Arlington Street, through the old rail and
bridge corridor, to a tie-in point on the Clackamas River Greenway Trail south of the
Clackamas River in Oregon City. The project study area is shown in the figure below.

Figure 1: Trolley Trail Bridge Project Study Area

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
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Path Design Criteria

The multiuse path will be 12 feet wide with 2-foot shoulders, meeting guidelines in the
2011 Oregon Bicycle and Pedestrian Design Guide and the AASHTO Bicycle Facilities
Guide. This width will also accommodate emergency and maintenance vehicles. The
maximum cross slope will be 2% and the maximum longitudinal grade will be 5%,
meeting guidelines in the 2011 Oregon Bicycle and Pedestrian Design Guide as well as
the Americans with Disabilities Act Accessibility Guidelines.

The full design criteria for all of the path alternatives is shown in the Design Criteria
Matrix, see Appendix A.

Structure Design Criteria:

The following structural design criteria summary has been established for all of the
structure alternatives.

e Accommodate a 12-foot wide path with two 2-foot shoulders for a total clear
width of 16-feet.

e Support pedestrian live load of 90 pounds per square foot
e Support a 12 ton emergency vehicle live load (H12)
e Overhead vertical clearance 16 feet minimum (for emergency vehicles)

e Deflection under pedestrian live load shall not exceed 1/360 of the span length

Design Standards:

The design standards which will govern bridge design are:
e AASHTO LRFD Bridge Design Specifications, 8" Edition

e AASHTO LRFD Guide Specifications for the Design of Pedestrian Bridges, 1°*
Edition

e ODOT Bridge Design Manual (BDM), current edition
e ODOT Geotechnical Design Manual, current edition

DESIGN EXCEPTIONS

No design exceptions are proposed for this project.

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
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MULTIUSE PATH ALTERNATIVES CONSIDERED

The existing ground on the north bank of the Clackamas River is higher than the south
bank, so the transition from the bridge end to existing ground will be relatively short on
the Gladstone side. On the Oregon City side, the grade will need to be raised to meet the
end of the bridge, with the amount of grade increase and transition length varying for
each of the bridge alternatives. The fill section will utilize 2:1 side slopes.

Full vertical profiles have been developed to correspond with Bridge Alternatives No. 1
and 3. Bridge Alternatives No. 4 and 5 can utilize the same profile and Alternative No. 1.
A full profile was not developed for Bridge Alternative No. 2, since it requires the most
fill and seems like the least desirable alternative. Conceptual plans of each alternative
can be found in Appendix B.

Alternative 1

The alignment is tangent from the starting point at Clackamas Blvd. and Portland Ave. to
a point just south of bridge. The alignment then curves to the west to provide a meeting
point with the Clackamas River Trail. The existing ground on the north bank of the
Clackamas River is higher than the south bank, so there will be a grade of 1.93% on the
bridge. The vertical profile transitions from the bridge end to existing ground with a
3.59% grade. The fill section in this area will utilize 2:1 side slopes.

This alternative requires a less steep grade for the transition at the south end of the bridge
compared to Alternative 3. The amount of fill and right of way footprint required is also
less. The horizontal and vertical alignments meet all applicable standards.

Alternative 3

The horizontal alignment for Alternative 3 is the same as Alternative 1. The existing
ground on the north bank of the Clackamas River is higher than the south bank, so there
will be a grade of 1.18% on the bridge. The vertical profile transitions from the bridge
end to existing ground with a 4.61% grade. There will also be a small raise in elevation
required for the existing Clackamas River Trail. The fill section in this area will utilize
2:1 side slopes. The horizontal and vertical alignments meet all applicable standards.

This alternative requires a steeper grade for the transition at the south end of the bridge
compared to Alternative 1. The amount of fill and right of way footprint required is also
greater.

STRUCTURE CONCEPT ALTERNATIVES CONSIDERED
The following bridge structural alternatives have been investigated:

e Alternative 1 — Single span steel truss

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
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e Alternative 2 — 3-span prestressed concrete girder
e Alternative 3 — 3-span steel girder

e Alternative 4 — Single span tied steel arch

e Alternative 5 — 3-span steel truss

Alternative 1 is a steel through truss structure with a single 365-foot span. This bridge
type places the path between the trusses, therefore minimizing the depth of the structure
and the amount of fill required for the adjoining path to match the bridge. The bridge will
have a concrete deck. The structure depth from top of path to bottom chord is assumed to
be 2°-0”. The total height of the truss is assumed to be 36 feet.

Alternative 2 is a 3-span bulb-tee prestressed concrete girder structure with span lengths
of 112.5°-1407-112.5". The bridge will have a concrete deck. The structure depth from
top of path to bottom of girder is assumed to be 6°-3”.

Alternative 3 is a 3-span steel plate girder structure with span lengths of 112.5°-140’-
112.5°. The bridge will have a concrete deck. The structure depth from top of path to
bottom of girder is assumed to be 4’-9”.

Alternative 4 is a tied steel through arch structure with a single 365-foot span. This bridge
type places the path between the arches, therefore minimizing the depth of the structure
and the amount of fill required for the adjoining path to match the bridge. The bridge will
have a concrete deck. The structure depth from top of path to bottom chord is assumed to
be 2°-0”. The total height of the arch is assumed to be 52 feet.

Alternative 5 is a steel through truss structure with a three 121.7-foot spans. This bridge
type places the path between the trusses, therefore minimizing the depth of the structure
and the amount of fill required for the adjoining path to match the bridge. The bridge will
have a concrete deck. The structure depth from top of path to bottom chord is assumed to
be 2°-0”. The total height of the truss is assumed to be 18 feet.

The substructure consists of the abutments, and in the case of the multi-span alternatives,
the interior bents. The substructure elements must support the loads from the
superstructure while considering the effects of scour and seismic events.

The abutments would be similar for all of the alternatives, although the single span
alternatives would require larger foundation components to support the larger loads from
the longer single span. The abutments would be short, stub type with wingwalls to retain
fill at the end of the bridge. The abutments are likely to utilize driven pile foundations.

For the multi-span alternatives, the interior bents are likely to consist of a drilled shaft
foundation supporting a formed single column and cap.

Conceptual plans of the five alternatives can be found in Appendix B.

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
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PROJECT CONSTRAINTS

The proposed location and layout of the bridge alternatives were strongly influenced by
the following considerations:

The bridge alignment matches Portland Avenue, providing a direct and logical
link to the existing Trolley Trail.

The alignment avoids impacting the existing electrical lines spanning the
Clackamas River to the east.

The alignment matches the historic Trolley Trail Bridge location, which means
the bridge can be considered a replacement of an existing structure for permitting

purposes.

The alignment crosses the Clackamas River at a moderate skew, which does not
significantly increase the required bridge length.

For permitting, it is desirable to minimize any structures within the floodway.
The abutments have been placed outside of the floodway for all alternatives.

The north abutment has been placed behind the existing abutment from the
historic Trolley Trail Bridge to avoid interference with existing deep foundation
components that may be present.

For the multi-span alternatives, the intermediate bents were located to provide a
larger clear opening in the center of the river, with shorter end spans on each side.

The superstructure provides 3 feet minimum clearance above the 100-yr flood.

Structure depth from top of path to bottom of structure should be minimized to
reduce fill requirements for the adjoining path on the south side of the river.

The U.S. Coast Guard has confirmed that the Clackamas River is not considered
to be navigable waters at the project site and therefore there is no minimum
navigational height that must be maintained and a Coast Guard permit will not be
required.

ENVIRONMENTAL IMPACTS AND PERMITTING
REQUIREMENTS

The section of the Clackamas River to be crossed has several endangered species of fish.
No other threatened or endangered species are believed to be present in the project
vicinity. See Biological Resources Memorandum for more detail.

The Ordinary High Water Mark (OHWM) has been determined to be at Elev. 20.5
NAVDS88. The OHWM is the jurisdictional boundary for the Clackamas River, which is

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
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regulated under Oregon’s Fill-Removal law and Section 404 of the Clean Water Act. No
other wetlands or regulated waters were observed in the project area. See Wetland/Water
Reconnaissance Memorandum for more detail.

Based on a literature review and field reconnaissance, historic and pre-historic artifacts
have been previously found in the project vicinity on the north side of the river.
Archeological test excavations and monitoring are recommended in this portion of the
project area. Because the project area on the south side of the river has previously been
extensively disturbed by construction activities, it is unlikely that intact archeological will
be found and additional testing does not appear to be necessary. See the Archaeological
Review and Reconnaissance for the Trolley Trail Bridge: Gladstone to Oregon City
Feasibility Study report for more information.

Based on a review of available environmental records and historic information, there is a
potential for petroleum, heavy metals, pesticide, and herbicide contamination in the
groundwater and soils in the project area on both sides of the river. Any contaminated
soil that is removed for the project will need to be disposed of in an appropriate,
permitted landfill. Further exploration and sampling are recommended. See the
Preliminary Hazardous Materials Corridor Assessment report for more information.

A Clean Water Act Section 404 permit is required for any temporary or permanent fill
within jurisdictional waters, except for temporary piling. A Clean Water Act Section 401
Water Quality Certification will be required along with a Section 404 permit. A State
Removal/Fill Permit will also be required for any temporary or permanent fill. The
Oregon Department of Fish and Wildlife will require a Fish Passage Plan. The project
will likely need to meet Endangered Species Act (ESA) and Magnuson-Stevenson Act
(MSA) requirements because the project area is designated as Essential Fish Habitat for
Chinook and coho salmon. Assuming the pedestrian bridge is placed in the same
alignment as the collapsed structure, FHWA is likely to consider this action to fit within a
Categorical Exclusion (CE) and thus require CE or Programmatic CE documentation to
be completed for NEPA compliance. However, further conversations with FHWA
should confirm this assumption.

It is possible that the project can be designed to fit within the criteria for NMFS’s
programmatic biological opinions, either the Federal Aid Highway Program (FAHP) or
Standard Local Operating Procedures for Endangered Species (SLOPES). The FAHP
biological opinion can only be used for projects funded by the Federal Highway
Administration (FHWA) and administered by Oregon Dept. of Transportation. Without
FHWA funding, SLOPES can be used if there is a USACE nexus through a Section 404
permit. A bridge that clear-spans the entire channel will probably be able to use either
the FAHP or SLOPES programmatic biological opinion to meet these requirements. A
multi-span bridge with piers in the water will probably need an individual Biological

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
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Opinion. See the Environmental Compliance and Permitting Strategy memo for more
detail.

UTILITIES

Utility locations have been identified through surveyed utility locates, field observation,
as-built drawings provided by the utilities and email correspondence. A brief discussion
of the utilities is provided below:

1. Portland General Electric (PGE)

PGE has both aerial transmission and distribution lines crossing the Clackamas River to
the east of the proposed bridge. No impact are anticipated on the Gladstone side of the
river. On the Oregon City side the side slope for the proposed embankment will impact
the PGE utility pole and could result in adjustments being required to multiple poles and
not only the one directly affected by the fill. PGE also has a large vault on the Oregon
City side that will be impacted due to the project fill limits and would need to be
relocated.

The property on the Oregon City side is outside of road right of way. Based on
discussions with PGE it expected that their facilities are within a private easement. Any
relocation or adjustments to PGE’s facilities on the Oregon City side will be reimbursable
and paid for by the project.

2. Northwest Natural Gas (NWN)

NWN has facilities within Portland Avenue on the Gladstone side of the proposed bridge.
A 4-inch gas line is located within Clackamas Blvd at the north end of the project area.

A valve may need adjusted for the proposed multiuse path. No other conflict is
anticipated.

3. City of Gladstone: water & sanitary

The City of Gladstone has water facilities within the project area on the north side of the
proposed bridge. The multiuse path impacts a fire hydrant and a water meter that would
need to be relocated. Manhole lids and valves would also need to be adjusted for any
grade change with new pavement.

The City of Gladstone expressed an interest in using the new bridge to carry an 18-inch
gravity sewer line. However, the gravity sewer is about 12° deep at Clackamas Blvd.
This means the sewer would need to hang below the structure and cross the river at an
elevation considerably below the design flood elevation, which is not feasible.

4. City of Lake Oswego: water

The water main transporting water to Lake Oswego is adjacent to the project area, but no
impacts are anticipated.

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
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5. Comcast

Comcast has aerial facilities along Portland Ave on the Gladstone side that drop to
underground and turn east toward Lake Oswego’s water intake. No impacts are
anticipated based on the concept design.

6. CenturyLink

CenturyLink has aerial facilities along Portland Ave and Clackamas Blvd providing
service drops to homes on Clackamas Blvd. No Impacts are anticipated.

7. Verizon

Currently Verizon is looking at a capital expansion and have an aerial crossing proposed
on the PGE pole adjacent to the proposed bridge. This should be tracked if the Trolley
Trail Bridge project goes forward.

8. Clackamas County DOT

Clackamas County has aerial communication facilities are attached to the poles used by
PGE on the Oregon City side of the bridge. The facilities transition from aerial to
underground at the pole closest to the proposed bridge location with a vault located near
the pole. These facilities would be impacted by the fill needed for the bridge and would
need to be relocated.

PUBLIC INVOLVEMENT

A presentation on the project was given and comments were solicited at the Clackamas
County Pedestrian and Bikeway Advisory Committee meeting on October 1, 2019. A
public presentation of the project was made to interested citizens at the City of
Gladstone’s Council Chambers on October 30, 2019. Comments received on the
proposed structure types recommended a single-span structure and truss bridge type,
reflecting the previous railroad bridge.

GEOTECHNICAL

A geotechnical investigation was conducted which included a review of available
existing information, one geotechnical boring, one infiltration test, laboratory testing,
preliminary geotechnical analysis, evaluation of subsurface conditions and seismic
hazards, and recommended bridge foundation alternatives and lateral earth pressures for
design. The boring and infiltration test were located on the south bank of the Clackamas
River, near the proposed location of the south bridge abutment. Based on previous
studies and the current investigation, the subsurface material at the project site was

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
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categorized into geotechnical layers that include fill, sand alluvium, gravel alluvium,
Sandy River Mudstone and Columbia River Basalt.

The primary seismic hazard is ground shaking. The potential for liquefaction at the bridge
abutments is considered to be low, although the potential for liquefaction may exist at the
interior river bents. In accordance with the 2018 Oregon Department of Transportation
Geotechnical Design Manual, seismic design parameters were developed for two design
events:

o A “Life Safety” event with a 1000-yr return period, in which the bridge, approach
structures and foundations may sustain some damage but will not collapse.

e An “Operational” event, defined as a full rupture Cascadia Subduction Zone
Earthquake. Under this level of shaking, the bridge and approach sections are
designed to remain in service shortly after the event to provide access for
emergency vehicles.

The recommended foundation types are driven steel H-piles for the abutments and 6-foot
or 8-foot diameter drilled shafts for interior bents in the river. Additional details,
including foundation design resistance and lateral earth pressures, are shown in the
Preliminary Geotechnical Report. Additional subsurface investigations are recommended
at the north abutment and any interior river bents to develop the final design.

STORMWATER MANAGEMENT/DRAINAGE FEATURES

Stormwater from the bridge will flow to the Oregon City side. The project will add over
10,000 square-feet of new impervious area. Stormwater management was evaluated
based on Oregon City’s “Stormwater and Grading Design Standards™ dated February
2015 and updated in 2019. Pedestrian and bicycle improvements do not require water
quality treatment according to the standards. Additionally, projects are exempt from the
flow control requirement when they are located within the 100-year floodplain or up to
10 feet above the design flood elevation. The project area is within the 100-year
floodplain of the Clackamas River. Therefore, no treatment or flow control standards are
required for this project.

In addition, the ODOT 2014 Hydraulics Manual and Federal Aid Highway Program
Programmatic Biological Opinion (FAHP) were reviewed for stormwater management
criteria. Projects discharging directly into the Clackamas River are exempt from flow
control requirements by both the ODOT Hydraulic Manual and FAHP. FAHP does not
require water quality for bicycle and pedestrian bridges not associated with a highway.

Although not required for stormwater quality or quantity control, a small rain garden is
proposed to provide stormwater infiltration and flow dissipation into the vegetated
corridor. Rain gardens are landscaped reservoirs that collect and treat stormwater runoff

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
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through vegetation and soil media. The rain garden will be placed near the bridge to
allow for stormwater runoff from the bridge to be directed to the rain garden. See the
Stormwater Management Concept Design Memorandum for more information.

HYDRAULICS

A hydraulic analysis and scour evaluation were conducted for the proposed bridge
alternatives. Seven cross sections were surveyed for this project: two sections
downstream of the bridge, one each at the upstream and downstream face of the bridge,
and three sections upstream of the bridge. Nine additional cross sections were available
from a previous survey conducted by WEST Consultants, Inc. (WEST) and KPFF
Consulting Engineers for the Clackamette Park Boat Ramp Project located approximately
1,200 ft downstream of the project site. The cross sections were incorporated into the
study to account for backwater associated with the Willamette River and the Highway
99E bridge.

Alternatives 1 and 4 are the same for hydraulic purposes and represent one hydraulic
condition, while Alternatives 2, 3 and 5 represent a second hydraulic condition. The
governing design condition is the 100-yr flood because the site is in a FEMA floodplain.
The existing conditions hydraulic model has been developed, with the following
conclusions:

e Upstream face water surface elevation = 48.4 ft. (NAVD88) (backwater condition
from Willamette River governs)

e Recommended freeboard = 3 feet due to heavy debris load
e The FEMA Floodway boundary is Elevation 45.6 (NAVD88)
e The FEMA Floodplain boundary is Elevation 47.8 (NAVD88)

Hydraulic evaluations for the proposed bridge alternatives over the Clackamas River
demonstrated that neither the 100-year base (design) flood nor the 500-year check flood
will overtop the superstructure for any of the proposed alternatives. However, the bottom
chord of the superstructure would be submerged approximately 4.5 feet below the 500-
year check flood elevation at the south abutment. The 100-year flood is 3.2 and 3.1 feet
below the low chord of the bridge for Alternatives 1/4 and 2/3/5, respectively, for the
with-backwater conditions. Both Alternatives 1/4 and 2/3/5 will not result in an increase
in the FEMA 100-year base flood elevations (“no-rise” condition).

The sediment transport capacity of the Clackamas River is not significantly altered by the
proposed bridge alternatives compared to natural (no bridge) conditions. Scour
calculations were conducted for 500-year recurrence interval flood. The calculated total
scour depth is 8.2 feet for Alternatives 1/4 and 22.8 feet for Alternatives 2/3/5. Bridge
substructure will be designed for the appropriate calculated scour depth.

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
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Abutment protection consisting of ODOT Class 2000 riprap is considered necessary for
the south abutment. The north abutment will be founded on siltstone bedrock that is
moderately resistant to erosion. The stability of the north bank should be evaluated by a
geotechnical engineer to determine if additional erosion protection is needed for this
location.

See the Bridge Hydraulic Design and Scour Assessment Detailed Report for more
information.

RIGHT OF WAY

On the north side of the Clackamas River, the project path will fall within existing right
of way along Portland Avenue from Clackamas Blvd. to the river. On the south side of
the river, the proposed path falls on land owned by both Water Environmental Services
and Urban Renewal Agency of Oregon City, which would need to be acquired for the
project. The outlines of the estimated ROW needs are shown on the Concept Plan and
Profile sheets. A programming cost estimate for these parcels has been performed.

The State of Oregon Division of State Lands (DSL) requires easements for use of State-
owned submersible and submerged land, including uses such as bridges and utility lines.
State ownership is determined as navigable and tidally influenced waterways that
generally extend from ordinary high water on each side of the waterway. A
determination by DSL was made in 2014 that the Clackamas River was tidally influenced
up to the Historic Trolley Bridge location. In a conversation with Justin Russel, a
Proprietary Coordinator with DSL, DSL confirmed that it does not manage ownership of
the Clackamas River at the Historic Trolley Bridge location and a DSL easement will be
required.

LOCAL PERMIT NEEDS

The Project would install a new bridge that would span the Clackamas River to carry the
Trolley Trail from the City of Gladstone (Gladstone) south to the City of Oregon City
(Oregon City). The Project is entirely within the Portland Metro UGB and crosses the
Clackamas River floodplain. It crosses two local jurisdictions: Gladstone north of the
Clackamas River and Oregon City south of the river. Land use permits from each of these
two jurisdictions will be required for the Project. Zoning designations are Single-Family
Residential (R-5) and Open Space (OS) in Gladstone; in Oregon City the zoning
designations are Mixed Use Downtown (MUD) and General Industrial (GI).

The Project area is located primarily within the floodplain of the Clackamas River and
therefore will require avoidance of and mitigation for the natural resources present. Per
Title 44 of the Code of Federal Regulations, Section 60.3(d)(3), a local regulatory agency
shall prohibit encroachments into the regulatory floodway (100-year floodplain) of a

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
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water body “unless it has been demonstrated through hydrologic and hydraulic analyses
performed in accordance with standard engineering practice that the proposed
encroachment would not result in any increase in flood levels within the community
during the occurrence of the [100-year] flood discharge.” Therefore, the Project should
complete a no-rise statement supported by technical data and signed and stamped by a
registered professional engineer. It is noted that Oregon City’s flood management area
includes all of the following:

e The area of inundation of the February 1996 flood

e The one hundred-year floodplain, flood area and floodway mapped on the June
17,2008 FEMA FIRM maps

e Other areas that have physical or documented evidence of flooding (i.e. from
aerial photos, etc)

The following permits are anticipated to be required by the City of Gladstone:
e Design Review Permit - §17.80
e Habitat Conservation Area District Development Permit - §17.25
e Flood Management District Development Permit - §17.29
e Water Quality Resource Area District Permit - §17.27
The following permits are anticipated to be required by the City of Oregon City:
e Natural Resouces Overlay District Permit (Type II or III) - §17.49
e TFlood Management Area Development Permit (Type II or III) - §17.42

e Removal of trees should demonstrate conformance with Oregon City Municipal
Code Chapter 17.41, Tree Protection, Preservation, Removal and Replanting
Standards

See the Land Use Permitting Memorandum (Appendix C) for more information.

AESTHETICS

The truss bridge type provides an iconic style that is reminiscent of the historic trolley
bridge. Various truss configurations are possible to achieve different aesthetic effects. A
constant depth Warren-type truss has been shown, which is consistent with the historic
trolley bridge design. The multi-span truss alternative provides a similar aesthetic, but
with a shorter height will be less impressive than the very tall truss for the single span
alternative.

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
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The multi-span girder bridge alternatives are similar to most typical highway bridges and
present a lower degree of inherent aesthetic appeal. The steel girder alternative, with its
reduced structure depth, would probably be slightly preferred over the concrete girder
alternative. The aesthetic appeal of these structures can be improved with decorative
railing designs and the addition of special features such as pylons at the bridge ends and
haunched girders. Weathering steel girders naturally develop a pleasing uniform dark
brown color over time.

The arch bridge type provides a more dramatic signature style that is generally
considered to be visually appealing. An arch bridge would also echo the style of the
OR99E bridge over the Clackamas River, just downstream from the project. The visual
effect of the arches can be enhanced by tilting the plane of the arches inward or outward.

OTHER CONSIDERATIONS

It is assumed that retaining walls will not be required to support the raised path elevation
other than the wingwalls that are part of the abutments.

-

Site access and construction activities required for each structure type need to be
evaluated to make sure they are constructible. The evaluation of site access needs to
consider any limitations of the vehicle size and delivery route for materials that can
feasibly be delivered to the site. This evaluation should be included in the final design
phase so that potential access routes can be included in the bid documents and permit
applications.

Cranes will need to be placed near the bridge ends to facilitate construction of the
abutments erection of structure components. Careful placement of the cranes will be
required to avoid interference with the power lines located near the bridge. For the
intermediate bents in the water, temporary cofferdams will need to be provided during
construction. Temporary bridge structures will probably be needed to access the bents in
the water.

The single span structures are likely to require temporary bents in the water to support
portions of the structure during erection. Temporary bridge structures will probably be
required to access and install the temporary support bents.

Duration of construction will be affected by the permitted in-water work window for the
Clackamas River. It is likely that the construction will extend over two seasons to
accomplish all of the in-water work, including removal of temporary structures. The
single-span truss and tied arch alternatives have more complex members that will take
longer to fabricate, but this is mitigated by avoiding construction of permanent piers in
the water.

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
Design Concepts Alternatives Report, January 23, 2020 13
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Maintenance requirements are likely to be minimal, such as periodic cleaning and minor
repairs, and are similar for all of the alternatives. The steel structures will utilize
weathering steel, so painting will not be necessary. Concrete deck and substructure will
utilize high performance concrete for improved durability.

While not mandated by federal or state regulations, inspection of the bridge at regular
intervals by a qualified bridge inspection professional is recommended. A 48-month
inspection interval is probably sufficient as long as the bridge does not have significant
deterioration or other conditions that warrant a more frequent inspection.

STRUCTURE CONSTRUCTION COST ESTIMATE

Concept-level cost estimates have been developed for each structure alternative. The
approximate structure-only costs shown below are based on current 2019 dollar values
and do not include allowances for mobilization, engineering and contingencies.

Structure Alternative Estimated Cost/ Sq. Ft. Estimated Structure
Construction Cost

Alt. 1 - Single Span Steel $400 $2,628,000

Truss

Alt. 2 - 3-Span P/S $250 $1,643,000

Concrete Girder

Alt. 3 - 3-Span Steel Girder $260 $1,709,000

Alt. 4 - Single Span Tied $700 $4,600,000

Steel Arch

Alt. 5 — 3-Span Steel Truss $320 $2,102,000

TOTAL CONSTRUCTION COST ESTIMATE

A total concept-level construction cost estimate including non-structural work items as
well as mobilization, construction engineering, administration and contingencies is
included in Appendix D. Costs for engineering for final design and permitting, ROW
acquisition and utility relocation are not included in this estimate. Due to design
currently only being at a conceptual level, a contingency of 30% has been added in
addition to 10% mobilization and 15% for construction engineering and administration.
The estimated cost ranges from $2.8M for Alternative 2 to $7.4M for Alternative 4.

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
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RECOMMENDATIONS

The table below summarizes the attributes of each structure type for certain key criteria.

Structure Permitting | Aesthetics | Geometrics | Right of Cost
Alternative (Grade) Way Need

Alt. 1 - Single Span | Good Good Good Lower High
Steel Truss

Alt. 2 - 3-Span P/S | Average Below Below Higher Low
Concrete Girder Average Average

Alt. 3 - 3-Span Average Average Average Average Low

Steel Girder

Alt. 4 - Single Good Excellent Good Lower Very High
Span Tied Steel

Arch

Alt. 5 - 3-Span Average Good Good Lower Moderate
Steel Truss

If funding is available, and a more historically appropriate bridge is desired, the 3-span
truss alternatives would be a good choice with less cost than the single span truss. A
signature bridge, such as the arch, makes a stronger visual statement but at a higher cost.
If funding is limited, the 3-span steel girder alternative would be the preferred choice
since its geometrics, aesthetic and right of way characteristics are better, while cost is just

slightly more than the concrete girder alternative.

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
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Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study County Project Number: 22265

Clackamas County Prepared by: Pegah Alavi
Roadway Engineering Design Standard Summary David Evans and Associates, Inc.
Date: April 17, 2019 Length: 600 LF

2011 Oregon Bicycle and Pedestrian Design Guide (OBPDG)
2012 AASHTO Guide for the Development of Bicycle Facilities
2009 Manual of Uniform Traffic Control Devices (MUTCD)

Design Standards; AASHTO LRFD Bridge Design Spedifications 8th Edition
AASHTO Guide Specifications for Pedestrian Bridges 1st Edition
ADA Accessibility Guildlines (ADAAG)

Highway Category: N/A

|Expressway N/A

Terrain: Generally Flat. Sloped to Bridge Abutments

Functional Class: Multi-use Transportation Facility

NHS: N/A

State Classification: N/A

Work Type: Feasibility Study (Shared-use bridge with potential for emergency vehicle access)

ADT (Two- Way) N/A

% Trucks N/A

DESIGN STANDARD SUMMARY

map Standard Comments

Design Speed 20 mph AASHTO Bicycle Facilities Guide, Section 5.2.4
OBPDG, Page 7-7. AASHTO Bicycle Facilities
Guide, Section 5.2.1. (11' is recommended for

Lane Width 12' (OBPDG), 10-14' (AASHTO) |comfortable passing)
OBPDG, Page 7-7 and 7-9, and AASHTO Bicycle]

Shoulder Width (Right) 2' Facilities Guide, Section 5.2.1 Width and

Clearance, Figure 5-1

OBPDG, Page 7-7 and 7-9, and AASHTO Bicycle|

Shoulder Width (Left) 2' Facilities Guide, Section 5.2.1 Width and

Clearance, Figure 5-1

OBPDG, Page 7-9, and AASHTO Bicycle

Facilities Guide, Section 4.12.3

Bridge Width 16’ Clear OBPDG, Page 7-11

AASHTO Bicycle Facilities Guide,
See Section 5.2.5

Bridge Railing 42 in. min, 48 in. recommended

Horizontal Alignment

AASHTO Bicycle Facilities Guide, Section 5.2.5,
* Degree of Curve (Min.) 74 ft Table 5-2. Lean Angle= 20-Degree. Cross slope
can follow the direction of the existing terrain

AASHTO Bicycle Facilities Guide,

} K crest (Min) Section 5.2.8, Figure 5-8

* K sag (Min) N/A No K sag requirements for bicycle facilities
* Grade (Max) 5% OBPDG, Page 7-7
* Grade (ADA Max) 5% OBPDG, Page 7-7, and ADAAG
Stopping Sight Distance (Min) Dependent on grade ’.?:3:15-3 Bicycle Facilties Guide, Section 5.2.8,
- AASHTO Bicycle Facilities Guide, Section 5.2.6
0, 1 1
Pavement Cross Slope 2% (Max) and ADAAG
Superelevation (Max) Not Needed

AASHTO Bicycle Facilities Guide, Section 5.2.6
ODOT Hwy Design Manual (Non-National
Highway System routes), Section 4.5.1

Overhead (Vertical) Clearance 16 ft (Min)

Bridge Vertical Clearance Above
River ODOT Hydraulic Manual (2014), Section 10.4.3
Design Vehicle H-12 Truck 24,000 Ib. City of Gladstone squad vehicle

3 ft above 100-year flood elevation
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Appendix B: Design Concept Alternative Plans
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Trolley Trail Bridge Feasibility Study Permitting Considerations

LAND USE PERMITTING

The Project would install a new bridge that would span the Clackamas River to carry the Trolley Trail
from the City of Gladstone (Gladstone) south to the City of Oregon City (Oregon City). The Project is
entirely within the Portland Metro UGB and crosses the Clackamas River floodplain. It crosses two local
jurisdictions: Gladstone north of the Clackamas River and Oregon City south of the river. Land use
permits from each of these two jurisdictions will be required for the Project. Zoning designations are
Single-Family Residential (R-5) and Open Space (OS) in Gladstone; in Oregon City the zoning designations
are Mixed Use Downtown (MUD) and General Industrial (Gl).

1. Land Use Considerations

The Project area is located primarily within the floodplain of the Clackamas River and therefore, will
require avoidance of and mitigation for the natural resources present. Per Title 44 of the Code of
Federal Regulations, Section 60.3(d)(3), a local regulatory agency shall prohibit encroachments into the
regulatory floodway (100-year floodplain) of a water body “unless it has been demonstrated through
hydrologic and hydraulic analyses performed in accordance with standard engineering practice that the
proposed encroachment would not result in any increase in flood levels within the community during
the occurrence of the [100-year] flood discharge.” Therefore, the Project should complete a no-rise
statement supported by technical data and signed and stamped by a registered professional engineer.

Between the time of the preparation of this report and the submission of the land use permit and
review applications, the cities could amend their codes and plans. Before submitting the applications,
the project team will need to review updates to ensure compliance with any amendments.

Additional evaluation will be needed if the Trolley Trail Bridge needs to be substantially realigned or
additional structures are needed.

2. Permit Timing

As listed in Table 1 and Table 2, land use permit reviews by each of the cities can extend up to 120 days,
after a 30-day completeness review period. While most jurisdictions process land use permit
applications in less time than the allowed 120 day window, it is reasonable to expect a 6-month land use
permitting process when accounting for all review timelines, application preparation and response time.
This timeline does not include the potential for appeals to the permit.

Land use permits and review approvals are valid only for two years to four years, with possible
extensions. A building permit must be issued and substantial development must occur prior to the two-
year (or extended) deadline. Therefore, the Project would not submit an application until the Project is
close to construction.

3. Gladstone

Base Zoning

The majority of the Project within Gladstone would be within existing right-of-way of Portland Avenue
and West Clackamas Boulevard. Adjacent parcels are zoned Single-Family Residential (R-5) and Open
Space (0S).

David Evans and Assoc., Inc. Page 1
October 2019



Trolley Trail Bridge Feasibility Study Permitting Considerations

Single-Family Residential (R-5)

A portion of the Project area that would be located within Gladstone is zoned Single-Family Residential
(R-5). As stated in the Gladstone Municipal Code, “The purpose of an R-5 district is to implement the
comprehensive plan and to provide land for families and individuals desiring to live in an environment of
medium density, mixed single-family and multi-family dwellings.”

Open Space (0S)

East of the existing alignment of SW Portland Avenue is the Charles Ames Memorial Park which is zoned
Open Space (OS). As stated in the Gladstone Municipal Code, “The purpose of an OS district is to
implement the comprehensive plan and to provide and preserve open space areas for use and
enjoyment of the public.”

Overlay Zoning

The Project alignment is within locally mapped State Planning Goal 5 resource sites: Riparian Wildlife
Habitat Classes | and Il. There is also a locally significant wetland located immediately east of the project
alignment. The project is within the Federal Emergency Management Agency (FEMA)-mapped 100-year
floodplain.

Habitat Conservation Area District

The Trolley Trail Bridge crosses a Gladstone Habitat Conservation Area District which covers the
Clackamas River and its surrounding riparian area. Replacement structures are exempt from the
requirement to obtain a Habitat Conservation Area Permit if the replacement has been lawfully
commenced (e.g. applied for a land use or building permit) within one year of the date that the original
structure was disassembled (Gladstone Municipal Code, Section 17.25.040(F)). Since more than one year
has elapsed since the collapse of the original Trolley Trail Bridge in 2014, the Project would not be
exempt from the requirement to obtain a Gladstone Habitat Conservation Area District Permit.
Submittal requirements include a detailed construction management plan, Habitat Conservation Area
Map Verification, and mitigation plan in accordance with Gladstone Municipal Code, Section 17.25.070.

Flood Management Area District

The project area is within the FEMA-mapped 100-year floodplain of the Clackamas River. Therefore, the
Gladstone Flood Management Area District applies per Section 17.29.030 of the Gladstone Municipal
Code. A Flood Management Area District Permit would be required to construct the project.

Water Quality Resource Area District

Water Quality Resource Area Districts include wetlands and streams, per Section 17.27.020 of the
Gladstone Municipal Code. Since the project is over or adjacent to such areas, it is likely a Water Quality
Resource Area District Permit would be required to construct the project.

Anticipated Land Use Approvals and Permits

Table 1 lists, for the City of Gladstone, the approval timeline, key standards and criteria, whether a
public notice and/or public hearing is required, and the decision maker for each potential type of permit
and review process.

Planning Commission Decision Making Procedure

The Planning Commission Decision Making Procedure begins with the applicant’s submittal of a
complete application on forms prescribed by Gladstone. After the application has been deemed
compelte, notice will be sent to stakeholders. The proposal will be presented to the Planning

David Evans and Assoc., Inc. Page 2
October 2019
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Commission at a hearing. The Planning Commission approves, approves with conditions, or denies the
requested in writing based on the relevant approval criteria in the Gladstone Municipal Code.

David Evans and Assoc., Inc. Page 3
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4. Oregon City

Base Zoning
The Project area within Oregon City is zoned Mixed Use Downtown (MUD) and General Industrial (Gl).

Mixed-Use Downtown (MUD)
A portion of the Project area that would be located within Oregon City is zoned Mixed Use Downtown
(MUD). The following are intended land uses within the MUD zoning designation:

Land uses are characterized by high-volume establishments constructed at the human scale such
as retail, service, office, multi-family residential, lodging or similar as defined by the community
development director. A mix of high-density residential, office and retail uses are encouraged in
this district, with retail and service uses on the ground floor and office and residential uses on the
upper floors. The emphasis is on those uses that encourage pedestrian and transit use. (OCMC
Section 17.34.010)

Transportation facilities are a permitted use in the MUD per OCMC Subsection 17.34.020.Y.

General Industrial (GI)

A portion of the Project area that would be located within Oregon City is zoned General Industrial (Gn.
The purpose of the Gl zoning district is “...to allow uses relating to manufacturing, processing,
production, storage, fabrication and distribution of goods or similar as defined by the community
development director.” Transportation facilities are a permitted use per OCMC Subsection 17.36.020.N.

Overlay Zoning

The Project is within the Oregon City Flood Management Overlay District (FMOD) and the Natural
Resource Overlay District (NROD). The FMOD applies to all areas of the mapped FEMA floodplain (100-
year floodplain). Within the Project area, the NROD applies to roughly the same area as the 100-year
floodplain.

Flood Management Overlay District
The Flood Management Overlay District applies to all areas of special flood hazard within the jurisdiction
of the Oregon City, per OCMC Section 17.42.010. The purpose of the Flood Management Overlay District
is:
1. To protect human life and health; To minimize expenditure of public money and costly flood
control projects; To minimize the need for rescue and relief efforts associated with flooding and
generally undertaken at the expense of the general public;

2. To minimize prolonged business interruptions;

3. To minimize damage to public facilities and utilities such as water and gas mains, electric,
telephone and sewer lines, streets and bridges located in areas of special flood hazard:

4. To help maintain a stable tax base by providing for the sound use and development of areas of
special flood hazard so as to minimize future flood blight areas;

5. To ensure that potential buyers are notified that property is in an area of special flood hazard;

6. To ensure that those who occupy the areas of special flood hazard assume responsibility for
their actions; and

David Evans and Assoc., Inc. Page 5
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7. To protect flood management areas, which provide the following functions:
a. Protect life and property from dangers associated with flooding;
b. Flood storage, reduction of flood velocities, reduction of flood peak;
¢. Flows and reduction of wind and wave impacts;
d. Maintain water quality by reducing and sorting sediment loads;

e. Processing chemical and organic wastes and reducing nutrients, recharge, store and
discharge groundwater; and

f. Provide plant and animal habitat, and support riparian ecosystems.

A development permit is required for construction within the Flood Management Overlay District.
Application requirements include a delineation of the flood management areas on the development site
(OCMC Section 17.42.080).

Natural Resource Overlay District (NROD)
The natural riparian area south of the Clackamas River is designated NROD in the Oregon City
Comprehensive Plan per the Natural Resource Overlay District map.

Per OCMC Section 17.49.010, the purpose of the NROD is:

A. Protect and restore streams and riparian areas for their ecologic functions and as an open
space amenity for the community.

B. Protect floodplains and wetlands, and restore them for improved hydrology, flood protection,
aquifer recharge, and habitat functions.

C. Protect upland habitats, and enhance connections between upland and riparian habitat.

D. Maintain and enhance water quality and control erosion and sedimentation through the
revegetation of disturbed sites and by placing limits on construction, impervious surfaces, and
pollutant discharges.

E. Conserve scenic, recreational, and educational values of significant natural resources.

New trails and bridges are subject to a Type Il review process per OCMC Subsections 17.49.100.E and F.

Comprehensive Plan Designations

The Project area is in an area that is designated Public/Quasi Public (QP) on the Oregon City
Comprehensive Plan Map (adopted July 1, 2009). Public and Quasi-Public lands are, “publicly owned
lands other than city parks, such as schools, cemeteries, undeveloped lands, open space, government
buildings and public utility facilities, such as the sewage treatment plant and water reservoirs.”

Surrounding Uses

In Oregon City, the surrounding properties to the south are zoned the same as the Project area, Mixed
Use Downtown and General Industrial. Much of the surrounding land is undeveloped natural space. The

David Evans and Assoc., Inc. Page 6
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Tri-City Wastewater Treatment Plant is just southeast of the Project area, which serves Gladstone,
Oregon City, and West Linn.

Anticipated Land Use Approvals and Permits

Table 2 lists the approval timeline, key standards and criteria, whether a public notice and/or public
hearing is required, and the decision maker for each potential type of permit and review process.

Tree Preservation and Protection

Removal of trees should demonstrate conformance with Oregon City Municipal Code Chapter 17.41,
Tree Protection, Preservation, Removal and Replanting Standards. A survey of all trees that are at least
six inches in diameter at breast height and an arborist report for any trees that are dead, dying,
diseased, or hazardous may be required. The tree replacement standards contained in Table 17.41.060-
1 may apply. The Project should also comply with tree protection standards of Section 17.41.130 during
construction.

Table 2: Oregon City Land Use Permit and Review Procedures

Public
Potential Permit/Review Approval Permit Standards Notice Decision Expiration
Permits Process Timeline!  and Criteria? and Maker P
Hearings

ReTolcEs andards o otice; _ .

gl -~ 17.49.100, 150,170,  Public Director; 3 years; no
Overlay District  Type Il or Il calendar (e . extensions

. 180, 190; or criteria Hearing for Type lII:
Permit days allowed

of 17.49.200 Type lll P|anning
§17.49 o
Commission
Flood
Management
120 Standards of . 3 years; no
Area - Planning ,
Type ll or Il calendar 17.42.160; Criteria o extensions
Development p £17.42.1 Commission I q
Permit ays of 17.42.190 allowe
§17.42
1After a 30-day completeness review.
20regon City, Oregon City Municipal Code.
David Evans and Assoc., Inc. Page 7
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COST ESTIMATE - ALTERNATIVE 1
CLACKAMAS COUNTY
SECTION COUNTY
Trolley Trail - Alt 1 Steel Truss Bridge Clackamas
PROJECT # KIND OF WORK ~ LENGTH [DATE ROADWAY DESIGNER
CLKX-0043 Grading, Structures, Paving_ 8.15.19 David Evans & Associates
ITEM NUMBER ITEM DESCRIPTION UNIT AMOUNT UNIT COST | TOTAL
MOBILIZATION AND TRAFFIC CONTROL
0210-0100000A |MOBILIZATION(10%) | Ls 1] $270,000.00] $270,000
ROADWAY
0305-0100000A [CONSTRUCTION SURVEY WORK LS 1 $10,000.00 $10,000
0310-0106000A |REMOVAL OF STRUCTURES AND OBSTRUCTIONS (1%) LS 1 $8,000.00 $8,000
0320-0100000R [CLEARING AND GRUBBING LS 1.00 $10,000.00 $10,000
0330-0123000K |EMBANKMENT IN PLACE CUYD 800 $25.00 $20,000
DRAINAGE
%0
STRUCTURES
SINGLE SPAN STEEL TRUSS BRIDGE LS 1 $2,628,000.00 $2,628,000,
BASES
0641-0102000M |AGGREGATE BASE TON 200 $30.00 $6,000
WEARING SURFACES
0745-0202000M |LEVEL 2, 1/2 INCH ACP TON 100 $120.00 $12,000
PERMANENT TRAFFIC CONTROL AND GUIDANCE DEVICES
30
$0
RIGHT OF WAY DEVELOPMENT
$0}
$0|
$0|
CONSTRUCTION SUBTOTAL (without MOB/TPDT) $2,694,000]
CONSTRUCTION SUBTOTAL (with MOB/TPDT) $2,964,000]
ENGINEERING & CONTINGENCIES (15% CE & 30% Cont.) 45% $1,334,000
CONSTRUCTION COST — [ o $4,298,000
NOTES: This estimate does not include final design, right-of-way, utility relocation, new utilities or hazmat costs



COST ESTIMATE - ALTERNATIVE 2

CLACKAMAS COUNTY
SECTION (COUNTY
Trolley Trail - Alt 2 Concrete Girder Bridge Clackamas
PROJECT # KIND OF WORK LENGTH DATE [ROADWAY DESIGNER
CLKX-0043 Grading, Structures, Paving 8.12.19 David Evans & Associates
ITEM NUMBER ITEM DESCRIPTION UNIT AMOUNT UNIT COST | TOTAL
IMOBILIZATION AND TRAFFIC CONTROL
| 0210-0100000A |MOBILIZATION(10%) | Ls 1] $175,000.00| $175,000
|ROADWAY
0305-0100000A |CONSTRUCTION SURVEY WORK LS 1 $10,000.00 $10,000
0310-0106000A |REMOVAL OF STRUCTURES AND OBSTRUCTIONS (1%) LS 1 $10,000.00 $10,000
0320-0100000R |CLEARING AND GRUBBING LS 1.00 $14,000.00 $14,000
0330-0123000K |EMBANKMENT IN PLACE CUYD 1,800 $25.00 $45,000
DRAINAGE
$0
STRUCTURES
3-SPAN P/S CONCRETE GIRDER BRIDGE LS 1 $1,643,000.00 $1,643,000
BASES
0641-0102000M |AGGREGATE BASE TON 300 $30.00 $9,000]
WEARING SURFACES
0745-0202000M |LEVEL 2, 1/2 INCH ACP TON 100 $120.00 $12,000
[PERMANENT TRAFFIC CONTROL AND GUIDANCE DEVICES
$0
$0]
RIGHT OF WAY DEVELOPMENT
$0
$0
$0
CONSTRUCTION SUBTOTAL (without MOB/TPDT) $1,743,000]
CONSTRUCTION SUBTOTAL (with MOB/TPDT) $1,918,000]
ENGINEERING & CONTINGENCIES (15% CE & 30% Cont.) 45% $864,000
CONSTRUCTION COST _ Ji I $2,782,000]
NOTES: This estimate does not include final design, right-of-way, utility relocation, new utilities or hazmat costs



COST ESTIMATE - ALTERNATIVE 3

CLACKAMAS COUNTY
SECTION [COUNTY
Trolley Trail - Alt 3 - Steel Girder Bridge Clackamas
PROJECT # Jinp oF work - LENGTH {DATE rROADWAY DESIGNER
CLKX-0043 Grading, Structures, Paving 8.156.19 David Evans & Associates
ITEM NUMBER ITEM DESCRIPTION . UNIT AMOUNT UNIT COST | TOTAL
MOBILIZATION AND TRAFFIC CONTROL
0210-0100000A |MOBILIZATION(10%) | Ls 1] $180,000.00] $180,000
ROADWAY
0305-0100000A |CONSTRUCTION SURVEY WORK LS 1 $10,000.00 $10,000]
0310-0106000A |REMOVAL OF STRUCTURES AND OBSTRUCTIONS (1%) LS 1 $10,000.00 $10,000]
0320-0100000R |CLEARING AND GRUBBING LS 1.00 $12,000.00 $12,000]
0330-0123000K |EMBANKMENT IN PLACE CUYD 1,400 $25.00 $35,000]
DRAINAGE
$0
STRUCTURES
3-SPAN STEEL GIRDER BRIDGE LS 1 $1,709,000.00 $1,709,000]
BASES
0641-0102000M |AGGREGATE BASE TON 300 $30.00 $9,000]
WEARING SURFACES
0745-0202000M  [LEVEL 2, 1/2 INCH ACP TON 100 $120.00 $12,000
PERMANENT TRAFFIC CONTROL AND GUIDANCE DEVICES
$0]
$0]
RIGHT OF WAY DEVELOPMENT
$0]
$0]
CONSTRUCTION SUBTOTAL (without MOB/TPDT) $1,797,000|
CONSTRUCTION SUBTOTAL (with MOB/TPDT) $1,977,000]
ENGINEERING & CONTINGENCIES (15% CE & 30% Cont.) 45% $890,000
CONSTRUCTION COST IE I $2,867,000
NOTES: This estimate does not include final design, right-of-way, utility relocation, new utilities or hazmat costs.



COST ESTIMATE - ALTERNATIVE 4

CLACKAMAS COUNTY
SECTION [COUNTY
Trolley Trail - Alt 4 Tied Steel Arch Bridge Clackamas
PROJECT # IKIND OF WORK TLENGTH DATE ROADWAY DESIGNER
CLKX-0043 Grading_, Structures, Paving 8.15.19 David Evans & Associates
ITEM NUMBER ITEM DESCRIPTION UNIT AMOUNT UNIT COST | TOTAL
MOBILIZATION AND TRAFFIC CONTROL
0210-0100000A |MOBILIZATION(10%) | Ls 1] $467,000.00] $467,000
ROADWAY
0305-0100000A |CONSTRUCTION SURVEY WORK LS 1 $10,000.00 $10,000
0310-0106000A |REMOVAL OF STRUCTURES AND OBSTRUCTIONS (1%) LS 1 $8,000.00 $8,000
0320-0100000R |CLEARING AND GRUBBING LS 1.00 $10,000.00 $10,000
0330-0123000K |EMBANKMENT IN PLACE CuYD 800 $25.00 $20,000
DRAINAGE
$0|
STRUCTURES
SINGLE SPAN TIED STEEL ARCH BRIDGE LS 1 $4,600,000.00 $4,600,000
BASES
0641-0102000M |AGGREGATE BASE TON 200 $30.00 $6,000
WEARING SURFACES
0745-0202000M |LEVEL 2, 1/2 INCH ACP TON 100 $120.00 $12,000
PERMANENT TRAFFIC CONTROL AND GUIDANCE DEVICES
$0
$0
|[RIGHT OF WAY DEVELOPMENT
$0
$0
$0
CONSTRUCTION SUBTOTAL (without MOB/TPDT) $4,666,000]
CONSTRUCTION SUBTOTAL (with MOB/TPDT) $5,133,000
ENGINEERING & CONTINGENCIES (15% CE & 30% Cont.) 45% $2,310,000
CONSTRUCTION COST I $7,443,000
NOTES: This estimate does not include final design, right-of-way, utility relocation, new utilities or hazmat costs



COST ESTIMATE - ALTERNATIVE 5
CLACKAMAS COUNTY
SECTION [ICOUNTY
Trolley Trail - Alt 5 3-Span Steel Truss Bridge Clackamas
PROJECT # KIND OF WORK LENGTH DATE ROADWAY DESIGNER
CLKX-0043 Grading, Structures, Paving_ 8.15.19 David Evans & Associates
ITEM NUMBER ITEM DESCRIPTION UNIT AMOUNT UNIT COST | TOTAL
MOBILIZATION AND TRAFFIC CONTROL
0210-0100000A |MOBILIZATION(10%) | s | 1] $217,000.00] $217.,000]
ROADWAY
0305-0100000A |CONSTRUCTION SURVEY WORK LS 1 $10,000.00 $10,000|
0310-0106000A |REMOVAL OF STRUCTURES AND OBSTRUCTIONS (1%) LS 1 $8,000.00 $8,000
0320-0100000R |CLEARING AND GRUBBING LS 1.00 $10,000.00 $10,000
0330-0123000K |EMBANKMENT IN PLACE CUYD 800 $25.00 $20,000
DRAINAGE
$0
STRUCTURES
THREE SPAN STEEL TRUSS BRIDGE LS 1 $2,102,000.00 $2,102,000
BASES
0641-0102000M |AGGREGATE BASE TON 200 $30.00 $6,000
WEARING SURFACES
0745-0202000M |LEVEL 2, 1/2 INCH ACP TON 100 $120.00 $12,000
PERMANENT TRAFFIC CONTROL AND GUIDANCE DEVICES
$0
$0
RIGHT OF WAY DEVELOPMENT
$0
$0]
30|
CONSTRUCTION SUBTOTAL (without MOB/TPDT) $2,168,000]
CONSTRUCTION SUBTOTAL (with MOB/TPDT) $2,385,000
ENGINEERING & CONTINGENCIES (15% CE & 30% Cont.) 45% $1,074,000
CONSTRUCTION COST $3,459,000
NOTES: This estimate does not include final design, right-of-way, utility relocation, new utilities or hazmat costs
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Submitted To: David Evans and Associates, Inc.
530 Center St NE, Suite 605
Salem, Oregon 97301
Attn: Mr. Doug Johnson, PE

Subject: PRELIMINARY GEOTECHNICAL REPORT, TROLLEY TRAIL BRIDGE:
GLADSTONE TO OREGON CITY FEASIBILITY STUDY, CLACKAMAS

COUNTY, OREGON

Shannon & Wilson, Inc. (Shannon & Wilson), prepared this report and participated in this
project as a subconsultant to David Evans and Associates, Inc. (DEA). Our scope of services
was specified in Clackamas County Contract #2018-63 and our Subconsultant Agreement
with DEA dated April 23,2019. This report presents the results of our existing information
review, field explorations, laboratory testing, preliminary geotechnical analyses, and
preliminary geotechnical design recommendations for the proposed project, and was

prepared by the undersigned.

We appreciate the opportunity to be of service to you on this project. If you have questions
concerning this report, or we may be of further service, please contact us.

Sincerely,

SHANNON & WILSON, INC.

80491PE

' e
e

OREGON

M é F_/: EXPIRES: 12-%1- 2020
Micah Hintz, PE, GE Eric Paslack, PE
Senior Geotechnical Engineer Associate

Rishefg (Park) Piao, PE, GE

Vice-President | Geotechnical Engineer
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INTRODUCTION

Project Overview

This report presents the results of our existing information review, field explorations,
laboratory testing, preliminary geotechnical analyses, and preliminary geotechnical design
recommendations for the proposed Trolley Trail Bridge: Gladstone to Oregon City
Feasibility Study project in Clackamas County, Oregon. The location of the project site is
shown on the Vicinity Map, Figure 1.

Clackamas County (the County) is studying the feasibility of rebuilding an abandoned
trolley bridge crossing the Clackamas River that collapsed in 2014 as an extension of the
Trolley Trail, a shared-use path for bicycles and pedestrians. David Evans and Associates,
Inc. (DEA) has been contracted by the County to provide engineering services for the
planning phase of the proposed project. As a subconsultant to DEA, Shannon & Wilson Inc.
(Shannon & Wilson), is providing geotechnical engineering services to support engineering
design for the planning phase.

Scope of Services

Shannon & Wilson’s services were conducted in accordance with the Statement of Work
defined in Clackamas County Contract #2018-63 and our Subconsultant Agreement with
DEA, dated April 23, 2019. The completed geotechnical services for the project consisted of
the following tasks:

" Collect and review available existing information, including previous geology and
geotechnical reports pertinent to the project and publicly available geologic maps;

" Visit the site to observe existing geologic conditions, explore the site for geologic
hazards and related impacts to the proposed project, mark proposed exploration
locations, and evaluate potential site constraints, environmental considerations, and
construction staging issues;

* Develop a field exploration and testing work plan;

*  Perform subsurface explorations consisting of one geotechnical boring, one in situ
infiltration test, and collect of soil samples;

“ Conduct laboratory testing on selected soil samples to characterize soils and develop
engineering properties for evaluation;

*  Perform preliminary geotechnical analyses and develop preliminary design
recommendations for the bridge foundation design and other related structures,
including the following:
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- Evaluate subsurface conditions;

- Evaluate the site-specific seismic hazards, including ground motion, liquefaction
potential, settlement, lateral spreading, seismic slope instability, and other seismic-
related hazards;

- Evaluate bridge foundation alternatives and provide design recommendations for
the selected foundation type; and

- Provide lateral earth pressures (both dynamic and static), bearing resistance, and
wall geotechnical design parameters for bridge abutment and retaining wall design
use.

*  Prepare this Preliminary Geotechnical Report summarizing our existing information
review, field explorations, laboratory testing, preliminary geotechnical analysis, and
preliminary geotechnical design recommendations for the bridge foundations and
retaining walls.

2 PROJECT UNDERSTANDING
2.1 Site Description

The project site spans over the Clackamas River between the cities of Gladstone and Oregon
City in Clackamas County, Oregon. The proposed project bridge alignment is located along
a narrow corridor that spans between the intersection of Portland Avenue and West
Clackamas Boulevard on the north side of the river and the Clackamas River Trail to the
south side of the river, as shown on the Site and Exploration Plan, Figure 2. The site is the
former location of a trolley bridge that spanned the Clackamas River prior to the bridge's
failure in 2014. The bridge remnants appear to have been mostly demolished and removed
from the site following the 2014 failure. A rectangular concrete structure is present at the
base of the northern riverbank slope (see Exhibit 2-1). This structure appears to be a
remnant foundation element left in place after demolition of the former trolley bridge, but
the structure also appears to contain piping for a storm drain outfall. Other structures are
not visible on either bank of the river at the proposed bridge alignment, though the
southern bank slope is marked by vegetation-covered rip-rap that may be related to the
construction or demolition of the former bridge.

101474-005 January 2020



101474-005

Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
Preliminary Geotechnical Report

——— e — e

Exhibit 2-1: Concrete Structure at Northern Riverbank

The slope at the north riverbank is steep and ranges from approximately 0.75H:1V
(horizontal:vertical) to 1.3H:1V. Surface conditions along the south bank consist of sand,

rounded gravels, and cobbles as well as boulder-sized rip-rap penetrated by overgrown
vegetation further upslope (see Exhibit 2-2).
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The River Intake Pump Station (RIPS), which pulls water from the Clackamas River for
processing into drinking water, is located approximately 100 feet upstream of the site along
the north bank of the river. The Tri-City Wastewater Treatment Plant is located southeast of
the site beyond the Clackamas River Trail. The distance along the Clackamas River from the
bridge site to the confluence with the Willamette River to the west is approximately 4,400
feet. The ground elevation on each side of the river ranges from approximately 50 to 60 feet
above mean sea level (NAVDS88), or roughly 30 to 40 feet above the ordinary high water
(OHW) river level of 20.5 feet. The water level of the river at the bridge site has the
potential to swell greatly during extreme weather events; preliminary design drawings
provided by DEA show a 100-year flood elevation of 48.4 feet in the vicinity of the bridge.

Project Description

The proposed project centers on construction of a new shared-use bicycle and pedestrian
bridge spanning the Clackamas River, between Gladstone and Oregon City, as shown on
Figure 2. Based on a conceptual plan and elevation drawing prepared by DEA dated July
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15, 2019, the proposed north abutment will be located approximately 50 feet south of the
intersection of Portland Avenue and West Clackamas Boulevard at the top of the north
riverbank of the Clackamas River. The south abutment will be located approximately 90
feet north of the Clackamas River Trail adjacent to the south riverbank. The number and
locations of interior bents are not defined at this time however we understand all bridge
alternatives currently under consideration are approximately 385 feet in length. The bridge
alignment will be approximately parallel with Portland Avenue. Based on preliminary
plans, the bridge will have a deck width on the order of 16 feet and an overall width of
approximately 20 feet. We understand the bridge south approach will require placement of
less than 10 feet of embankment fill and that no fill will be placed for the north approach.

DEA provided Clackamas River OHW and 100-year flood elevations of 20.5 feet and 48.4
feet, respectively. Scour depths have not been provided at the time of this report.

The project is currently at the feasibility study level, which includes an evaluation of
structural alternatives including new bridge types, possible utility use (i.e., sewer main,
storm water conveyance and outfall) or emergency access to create a lifeline and
redundancy in crossing the Clackamas River, geotechnical evaluation of foundation
alternatives, identification of environmental permitting requirements, evaluation of river
hydraulics and scour potential, development of cost estimates, and trail concept planning
for connections to Gladstone and Oregon City trails.

The preliminary geotechnical recommendations presented in this report are based on the
available project information, provided existing information, and the subsurface conditions
described in the report. If any of the noted information changes during the course of design,
we should be informed so we may reconsider and amend, if necessary, the
recommendations presented in this report.

REVIEW OF EXISTING INFORMATION

Shannon & Wilson reviewed the following publicly available geotechnical reports and
information from our archive project files. The existing information is presented in
Appendix A:

*  Geotechnical Data Report, Lake Oswego Raw Water Pipeline, Clackamas County,
Oregon, prepared by GeoDesign, Inc., dated March 18, 2011 (GeoDesign, 2011);

" Geotechnical Design Report, Tri-City Water Pollution Control Plant, Interim Expansion,
Clackamas County, Oregon, prepared by Shannon & Wilson, Inc., dated September 2008
(Shannon & Wilson, 2008);
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s Groundwater Monitoring Program Report, Tri-City Water Resource Recovery Facility,
Solids Handling Improvement Project, Clackamas County, Oregon, prepared by
Shannon & Wilson, Inc., dated October 26, 2016 (Shannon & Wilson, 2016); and

»  Geotechnical Report, River Intake Pump Station (RIPS), Lake Oswego Tigard Water
Partnership - Package 3, Gladstone, Oregon, prepared by GRI, dated March 16, 2012
(GRI, 2012);

Approximate locations of relevant geotechnical borings from the existing information are
shown on Figure 2.

The proposed Trolley Trail Bridge alignment will generally conform to the alignment of a
former steel-truss trolley bridge demolished in 2014. The demolished trolley bridge was
constructed in 1908 to replace an earlier trolley bridge erected in 1892 (Street Railway
Journal, 1908). A historical image of the 1892 bridge (Exhibit 3-1) depicts a 260-foot-long,
timber and cable truss bridge supported by bents on each river bank and a central bent in
the Clackamas River. The 1892 bridge was reportedly found structurally deficient in 1906,
due to an increase in load demands since its construction. The support piers and
foundations for the 1892 bridge were reportedly, "3-ft. 10-in. diameter steel tubes driven into
hard gravel." The 1892 bridge piers and foundations on each river bank were reinforced,
encased in concrete, and re-used for support of the 1908 bridge. A geotechnical boring

performed in the center of the Clackamas River in 1908 reportedly encountered a gravel
deposit at least 75 feet thick (Street Railway Journal, 1908).

)
% eull

Exhibit 3-1: Historical Image of 1892 Bridge
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REGIONAL GEOLOGY AND SEISMIC SETTING
Regional Geology

The greater Portland metropolitan and Oregon City area lies within the topographical and
structural depression of the Portland Basin (Beeson and others, 1991; Madin, 2009). The
Portland Basin began forming as a syncline in the early Miocene (23 to 16 million years ago).
Since the early Miocene as the basin developed, it has been inundated by the massive lava
flows of the Columbia River Basalts, as well as millions of years of sediment deposition
from alluvial, aeolian, and catastrophic processes.

Overlying the lava flows of the Miocene (23 to 5.3 million years ago) Columbia River Basalts
in much of the Portland Basin area, is the Miocene to Pliocene (5.3 to 2.58 million years ago)
Sandy River Mudstone and Troutdale Formation. These sediments were deposited as a
broad alluvial plain by the ancestral Columbia River and rivers draining the Cascade Range
into the Portland Basin as the basin was progressively subsiding (Madin, 2009). The Sandy
River Mudstone consists of lakebeds composed of silt, siltstone, and claystone, and can
contain small interbeds of gravel and conglomerate (Trimble, 1963). The Troutdale
Formation consists of sandstones, siltstones, conglomerate, silt, sand, and gravels.

Stream cutting and erosion of the units was followed by deposition of Quaternary (2.6
million years ago to present) alluvium which continued in the vicinity to present day as the
valley of the Clackamas River was formed.

The project area was mapped by Madin (1990) and shows the project site is underlain by
Quaternary Alluvium consisting of silt, sand, and gravels at the surface. Other units
mapped in the vicinity include Troutdale Formation, and Pleistocene Clackamas River
Terrace Surface deposits.

Seismic Setting

The contemporary tectonics and seismicity of the region are the result of oblique,
northeastward subduction at a rate of about 37 millimeters per year (mm/yr) (DeMets and
others, 2010) of the Juan de Fuca oceanic plate beneath the North American continental plate
(e.g., Wells and others, 1998; Wells and Simpson, 2001). This complex tectonic setting
produces east-west compressive strain along the Cascadia Subduction Zone (CSZ), as well
as northward translation and rotation of the mobile, crustal, Cascadia fore-arc blocks that
span the leading edge of the North America plate (Wells and others, 1998; McCaffrey and
others, 2007, 2013). Rotation of the Sierra-Nevada block and expansion of the Basin and
Range drive the northward migration and clockwise rotation of the Cascadia fore-arc blocks
(e.g., Pezzopane and Weldon, 1993; Wells and others, 1998; Wells and Simpson, 2001). Asa
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result, the southern portion of the fore arc, the Oregon Coast block, is impinging on western
Washington at a rate of about 8 to 12 mm/yr causing crustal shortening in northwest Oregon
and western Washington (Wells and others, 1998; Wells and Simpson, 2001; Mazzotti and
others, 2002).

The combined effect of margin-normal subduction and margin-parallel shortening produces
complex and diverse deformation within the northern edge of the Cascadia fore arc and
triggers large (greater than magnitude [M] 6), damaging earthquakes from three
seismogenic source zones:

= The locked zone of the CSZ fault interface, which produces great mega-thrust
earthquakes;

The deep intraslab portion of the CSZ (i.e., the subducted portion of the Juan de Fuca
Plate), the source off Wadati-Benioff zone earthquakes; and

= The overriding North American Plate, where shallow crustal faults rupture.

All three sources potentially produce earthquakes that impact the ground motion hazards at
the project site. Offshore, elastic release of strain accumulated in the locked plate interface
of the CSZ produces great megathrust earthquakes (greater than M 8.0) about every 500
years (Atwater and Hemphill-Haley, 1997; Clague, 1997; Goldfinger and others, 2003 and
2012); the most recent rupture occurred in A.D. 1700 (Satake and others, 1996; Atwater and
Hemphill-Haley, 1997; Clague, 1997; Yamaguchi and others, 1997; Goldfinger and others,
2003 and 2012). Onshore, migration and rotation of tectonic blocks produce deformation
along shallow faults within the upper part of the crust. At depth, rupture within the
subducting slab, referred to as the intraslab, has produced some of the largest recorded
earthquakes (M 6.5 to 7) to strike the Pacific Northwest, in the northern California Coast and
Western Washington. However, over the past century, intraslab earthquakes have been
markedly infrequent in Oregon. The following sections briefly describe the location,
characteristics, and seismicity of each of the sources.

Cascadia Subduction Zone: Mega-Thrust Interface Source

CSZ mega-thrust earthquakes originate along the interface between the subducting oceanic
plates and the North American plate. Because of the significant uncertainty of the landward
extent of a potential rupture surface, estimates of the closest distance between the project
site and potential rupture surface range between about 65 and 140 horizontal miles. Focal
depths for mega-thrust earthquakes are commonly on the order of about 15 to 25 miles.
Rupture of the interface could result in earthquakes with moment magnitudes on the order
of 8.5 to over 9.0, with strong shaking that lasts for several minutes. No large earthquakes
have occurred in this zone during historic times (the last 170 years). However, geologic
evidence suggests that coastal estuaries have experienced rapid subsidence at various times
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within the last 2,000 years (e.g., Atwater, 1987; Atwater and Hemphill-Haley, 1997) as a
result of tectonic movement associated with mega-thrust earthquakes on the CSZ. It
appears that ruptures of this zone have occurred at irregular intervals that span from about
100 to more than 1,200 years, with an average recurrence interval of about 300 to 500 years
(Atwater and Hemphill-Haley, 1997). Based on historical tsunami records in Japan (Satake
and others, 1996) the most recent interplate event on the CSZ was a moment magnitude
(Mw) 9 event on January 26, 1700.

Cascadia Subduction Zone: Intraslab Source

CS5Z intraslab earthquakes originate from within the subducting oceanic plates as a result of
down-dip tensional forces and bending caused by mineralogical and density changes in the
plates at depth. These earthquakes typically occur 28 to 37 miles beneath the surface. The
nearest seismogenic intraslab portion of the Juan de Fuca plate is approximately 30 to 60
miles below the Portland area. Ludwin and others (1991) estimate that the maximum Mw
from this source zone would be about 7.5. Ground shaking produced by intraplate
earthquakes would be less intense and less prolonged in the Portland area than ground
motions generated by large subduction zone interface earthquake events. Historic
seismicity from this source zone includes the 1949 Mw 6.7 Olympia earthquake, the 1965 Mw
6.7 earthquake between Tacoma and Seattle, and the 2001 Mw 6.8 Nisqually earthquake.
While intraslab events have occurred frequently in the Puget Sound area, they are
historically rare in Oregon.

Shallow Crustal Source

Shallow crustal earthquakes within the North American Plate have historically occurred in a
diffuse pattern within Pacific Northwest, typically within the upper 4 to 19 miles of the
continental crust. Mabey and others (1993) concluded from their analysis of local geologic
features that a crustal earthquake of up to Mw 6.5 could occur virtually anywhere in the
Portland area. Based on their fault model, Wong and others (2000) determined that an
earthquake of up to Mw 6.8 is possible on the Portland Hills Fault, which is mapped within
about one half-mile of the project site. The largest known crustal earthquake in the Pacific
Northwest is the 1872 North Cascades earthquake at approximate Mw 6.5 to 7.0. Other
examples include the 1993 Mw 5.6 Scotts Mill earthquake and the 1993 Mw 6.0 Klamath Falls
earthquake.

Shallow crustal faults and folds throughout Oregon and Washington have been located and
characterized by the United States Geological Survey (USGS). The USGS provides
approximate fault locations and a detailed summary of available fault information in the
USGS Quaternary Fault and Fold Database (USGS, 2017). The database defines four
categories of faults, Class A through D, based on evidence of tectonic movement known or
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presumed to be associated with large earthquakes during Quaternary time (within the last
2.6 million years). For Class A faults, geologic evidence demonstrates that a tectonic fault
exists and that it has likely been active within the Quaternary period. For Class B faults,
there is equivocal geologic evidence of Quaternary tectonic deformation, or the fault may
not extend deep enough to be considered a source of significant earthquakes. Class Cand D
faults lack convincing geologic evidence of Quaternary tectonic deformation or have been
studied carefully enough to determine that they are not likely to generate significant
earthquakes.

According to the USGS Quaternary Fault and Fold database (USGS, 2017), there are 12 Class
A features within approximately 30 miles of the project site. Their names, general locations
relative to the site, and the time since their most recent deformation are summarized in
Exhibit 4-1. The CSZ itself is approximately 130 miles west of the project site, with an
average slip rate of approximately 40 millimeters (1.5 inches) per year and the most recent
deformation occurring about 300 years ago (Personius and Nelson, 2006).

Exhibit 4-1: USGS Class A Faults within Approximately 30-Mile Radius of the Project Site

Approximate

USGS Distance Time Since
Fault Approximate  and Direction from Slip Rate Last
Fault Name Number Length Project Site! Category? Deformation?
Qatfield Fault 875 18.0 miles 0.6 miles SE < 0.2 mmiyr <1.6Ma
Portiand Hills Fault 877 30.4 miles 1.3 miles NE < 0.2 mm/yr <15ka
Damascus-Tickle Creek 879 9.9 miles 3.4 miles NE < 0.2 mm/yr <750 ka
Fault
Canby-Molalla Fault 716 31.1 miles 5.5 miles SW <0.2 mmiyr <15ka
Grant Butte Fault 878 6.2 miles 7.1 miles NE < 0.2 mmiyr <750 ka
East Bank Fault 876 18.0 miles 9.5 miles NE < 0.2 mm/yr <15ka
Beaverton Fault Zone 715 9.3 miles 12.4 miles NW < 0.2 mmfyr <750 ka
Lacamas Lake Fault 880 14.9 miles 17.3 miles NE < 0.2 mm/yr <750 ka
Newberg Fault 17 3.1 miles 18.9 miles SW < 0.2 mmiyr <16Ma
Helvetia Fault 714 4.3 miles 19.6 miles NW < 0.2 mmfyr <16Ma
Mt. Angel Fault 873 18.6 miles 21.6 miles SW < 0.2 mm/yr <15ka
Gales Creek Fault Zone 718 45.4 miles 24.0 miles W < 0.2 mmiyr <1.6Ma
NOTES:

1 Approximate distance between project site and nearest extent of fault mapped at the ground surface.
2 mm= millimeters; yr = year.
4 Ma="Mega-annum" or million years ago; ka = "Kite-annum’ or one thousand years ago.
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FIELD EXPLORATIONS

Subsurface Explorations

Shannon & Wilson explored subsurface conditions at the project site with one geotechnical
boring, designated B-1. The boring was drilled on July 26, 2019 to a depth of 71.5 feet below
ground surface (bgs), using a CME-55 track mounted drilling rig provided and operated by
Western States Soil Conservation, Inc., out of Hubbard, Oregon. The approximate boring
location is shown on the Site and Exploration Plan, Figure 2. Shannon & Wilson
engineering staff were on site throughout the exploration program to locate the boring,
observe drilling, collect samples, and log the materials encountered. Details of the drilling
program and logs of the materials encountered are presented in Appendix B, Field
Explorations.

In Situ Infiltration Testing

One in situ infiltration test, designated I-1, was performed within approximately 10 feet of
boring B-1. The test was performed in general accordance with the Encased Falling Head
Test method in Appendix E of the Clackamas County Stormwater Standards. Infiltration
test I-1 was performed with casing set at a depth of 4.7 feet bgs.

The raw (unfactored) infiltration rates ranged from 3.24 to 3.60 inches per hour at I-1. A
factor of safety in accordance with the Clackamas County Stormwater Standards should be
applied to the raw infiltration rate to determine the design infiltration rate. Detailed
infiltration test procedures and results are presented in Appendix B.

LABORATORY TESTING

The samples we obtained during our subsurface explorations were transported to our
laboratory for further examination. We then selected representative samples for a suite of
laboratory tests. The testing program included moisture content tests, unit weight tests,
Atterberg limits determinations, and particle-size analyses. In addition, West Consultants,
Inc. provided a bulk sample of streambed material collected from the Clackamas River for
particle-size analysis. Testing was performed by Shannon & Wilson. All test procedures
were performed in accordance with applicable ASTM International standards. Results of
the laboratory tests and brief descriptions of the test procedures are presented in Appendix
C, Laboratory Test Results.
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SUMMARY OF SUBSURFACE CONDITIONS

Geotechnical Soil Units

We grouped the subsurface materials at the site into five geotechnical units, as described
below. Our interpretation of the subsurface conditions is based upon the explorations and
regional geologic information from published sources. Subsurface data from boring CR-8
completed in 2011 by GeoDesign Inc. on the north side of the Clackamas River is included in
this summary. The geotechnical units are as follows:

« Fill: includes pavement sections; medium stiff, Lean Clay (CL);

* Sand Alluvium: very loose to loose Silty Sand (SM) and very soft to very stiff Sandy Silt
(ML); very loose to loose, Sand with some silt (SP-SM);

« Gravel Alluvium: medium dense to very dense, Gravel with varying amounts of sand
and silt (GP/GP-GM); loose, Silty Sand (SM); very stiff, Sandy Silt (ML); cobbles were
encountered in some samples;

* Sandy River Mudstone: very stiff Silty Clay (CL); hard, Sandy Silt (ML); very stiff to
hard Clayey Silt (MH); and

* Columbia River Basalt: very soft to very hard (R1-R5), Basalt; very dense, Clayey Sand
(SC).

These geotechnical units were grouped based on their engineering properties, geologic
origins, and their distribution in the subsurface. The units and our interpretations of their
inter-relationships in the subsurface is shown on the Interpretive Subsurface Profile A-A’,
Figure 3. The location of the profile is shown on Figure 2. The profile is interpretive, and
variations in subsurface conditions may exist between the borings.

Contacts between the units may be more gradational than shown in the profile and in the
drill logs in Appendix B. The Standard Penetration Test (SPT) blow counts shown on the
drill logs, Figure 3, and discussed below, are in blows per foot (bpf) as counted in the field
(uncorrected). The following sections describe the geotechnical unit characteristics in
greater detail.

Fill

Fill was not identified in Boring B-1, performed near the proposed bridge abutment on the
south side of the Clackamas River. Fill was encountered from the ground surface to
approximately 4.5 feet in boring CR-8. Based on our review of available near-site
geotechnical reports, up to approximately 5 feet of fill may be present at the site. Existing
data show that fill composition is variable at the site, and may include medium stiff, brown
Clay (CL).
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Sand Alluvium

Alluvial sand and silt deposits were encountered in Boring B-1 from the ground surface to a
depth of 23 feet bgs. This layer consisted of very loose to loose, dark brown, Silty Sand (SM)
and Sand with some silt (SP-SM), as well as soft, dark brown, Sandy Silt (ML). The soil was
typically moist. Fines were typically nonplastic. SPT blow counts (N-Values) in this layer
ranged from 2 to 6 blows per foot (bpf) with an average N-value of 4 bpf.

Gravel Alluvium

Alluvial gravel was encountered in Boring B-1 at a depth of 23 feet bgs and extended to a
depth of 52 feet bgs. The alluvial gravel layer consisted of dense to very dense, dark brown
and dark gray, Gravel (GP) and Gravel with some sand and silt (GP-GM). Available near-
site geotechnical reports describe cobbles and boulders up to 14 inches in diameter within
the gravel layers north of the Clackamas River. The gravel was moist to wet and angular to
subrounded with nonplastic fines. SPT N-values for two samples in this layer were 48 and
66 bpf and averaged 57 bpf. Four additional SPTs were attempted and met refusal with
more than 50 blows over a 6-inch interval.

Sandy River Mudstone

Sandy River Mudstone was encountered below the Gravel Alluvium in Boring B-1 at 53 feet
and the boring was terminated in the unit. This unit consisted of very stiff to hard, gray to
blue-gray, Sandy SILT (ML), Silty CLAY with some sand (CL), and Clayey SILT with some
sand (MH). The soil was typically wet and ranged from medium to high plasticity. The
sand constituent was fine. Relict decomposed sand and gravel clasts were observed in some
samples. SPT N-values in the unit ranged from 22 to 49 bpf with an average N-value of 32
bpf.

Columbia River Basalt

Columbia River Basalt was not encountered at Boring B-1 on the south side of the
Clackamas River. Columbia River Basalt was encountered at approximately 50 to 65 feet
bgs in boring CR-8. Based on our review of other borings and subsurface information
available in geotechnical reports for projects performed near the site, Columbia River Basalt
is expected to be present at approximately 50 to 55 feet bgs (Elevation 5 to 10 feet NAVDS8)
near the proposed bridge abutment on the north side of the Clackamas River. Existing core
data shows Rock Quality Designations (RQD) along the river shoreline basalts ranging from
15 to 60 percent within the upper 20 feet, increasing with further depth. Further north from
the shoreline, core data shows basalt with RQD ranging from 70 to 100 percent within the
upper 20 feet. The basalt hardness typically ranges from very soft to hard (R2-R4), with
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occasional core runs described as very hard (R5). The unit is intensely weathered at initial
contact, becoming slightly weathered to fresh with depth. Columbia River Basalt was not
encountered in any borings south of the Clackamas River.

Groundwater

Groundwater was not measured at Boring B-1, due to the mud rotary drilling method used.
Based on preliminary plans provided by DEA, we understand that the design Ordinary
High Water (OHW) level of the Clackamas River at the site is elevation 20.5 feet NAVD88.
Based on our review of readily available geotechnical reports, groundwater elevation
measurements near the site on the south side of the Clackamas River typically range
between elevation 13 and 21 feet NAVD88. Groundwater is expected to be perched above
the Sandy River Mudstone on the north side of the river. Groundwater levels at the site
may vary with changes in precipitation and river levels. Typically, groundwater highs
occur at the end of the wet season in late spring or early summer, and groundwater lows
occur toward the end of the dry season in the early to mid-fall.

SEISMIC DESIGN PARAMETERS AND HAZARD
EVALUATION

General

The 2018 Oregon Department of Transportation (ODOT) Geotechnical Design Manual
(GDM) (ODOT, 2018a) requires that all bridges be designed for 1,000-year return period
ground motions under “Life Safety” criteria. Under this level of shaking, the bridge and
approach structures, bridge foundations, and approach fills must be able to withstand the
forces and displacements without collapse of any portion of the structure.

In addition to the 1,000-year “Life Safety” criteria, ODOT requires that all bridges be
designed to remain “Operational” after a full rupture Cascadia Subduction Zone
Earthquake (CSZE). Under this level of shaking, the bridge and approach fills are designed
to remain in service shortly after the event to provide access for emergency vehicles.

Site Classification

The Seismic Site Class for the “Life Safety” seismic design criteria was developed based on
the recommended procedure, using SPT N-values from the explorations, in the American
Association of State Highway and Transportation Officials (AASHTO) LRFD Bridge Design
Specifications (AASHTO, 2017). Based on the subsurface conditions described in Section 7,
subsurface conditions at the site are best characterized as Site Class D. Site Class D
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corresponds to soil profiles with a weighted average shear wave velocity between 600 and
1,200 feet per second (fps) or a weighted average SPT blow count between 15 and 50 bpf in
the upper 100 feet of soil.

While the Site Class is used in deriving the “Life Safety” seismic design criteria, the average
shear wave velocity in the upper 30 meters of the soil profile, Vs, is required to derive the
“Operational” criteria response spectra. A Vs of 200 meters per second (m/sec) (650 fps)
was estimated based the project borings.

Ground Motion Parameters

The ground motion seismic parameters for the “Life Safety” criteria were derived using the
ODOT Bridge Section’s Excel application, ODOT_ARS.v.2014.16, which uses the three-point
curve method with data from the 2014 USGS probabilistic seismic hazard maps for the
1,000-year return period. This Excel application is available through ODOT's web portal
(ODOT, 2017). The recommended site seismic parameters for the “Life Safety” criteria for
Site Class D are presented in Exhibit 8-1.

Exhibit 8-1: Recommended “Life Safety” Criteria Seismic Parameters

Seismic Parameter 1,000-Year Return Period

Site Class (See Section 8.2) D
Mapped Peak Ground Acceleration, PGA 0.256¢
Mapped 0.2-Second (Short) Period Acceleration, Ss 0.561g
Mapped 1.0-Second (Long) Period Acceleration, S 0.203g
Zero-Period Site Factor, Fpga 1.34
0.2-Second Period Site Factor, Fa : 1.35
1.0-Second Period Site Factor, Fy 219
Peak Ground Surface Acceleration, As 0.344g
0.2-Second Period Design Acceleration, Sps 0.758g
1.0-Second Period Design Acceleration, Sp 0.445¢g
NOTES:

1 Spectral values calculated assuming 5% structural damping,
2 g=gravity acceleration

The deterministic response spectrum for the CSZE considered in the “Operational” seismic
design criteria was generated by using the web-based application developed by Portland
State University and available on the ODOT Bridge Section website (ODOT, 2017). Using
the ODOT web-based application, a Vo of 200 m/sec was input to generate the Site Class D
design response spectrum presented in Exhibit 8-2.
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Exhibit 8-2: Recommended “Operational” Criteria Acceleration Response Spectra

Period, T (sec) Spectral Acceleration, Sa (g)

0 0.1730
0.05 0.1671
0.1 0.2326
0.15 0.2940
0.2 0.3303
0.25 0.3602
0.3 0.3919
0.4 0.4238
0.5 0.4280
0.6 04115
0.7 0.4059
0.8 0.3959
1 0.3484
1.5 0.2478
2 0.1884
25 0.1522
3 0.1242

Seismic Hazards Evaluation

Seismic hazards considered in the evaluation include ground shaking, liquefaction and
associated effects (e.g., flow failure, lateral spreading, and settlement), slope instability, fault
rupture, tsunami, and seiche. The primary hazard at this site is ground shaking. However,
as described below, liquefaction and associated effects may be a hazard near the riverbanks
and within the river channel, especially at the south riverbank.

In our opinion, the potential for liquefaction and associated effects at the proposed bridge
abutment locations is low, as the assumed groundwater elevation is below the very loose to
loose, cohesionless, alluvial soil layer identified within the upper 23 feet of boring B-1.
Liquefaction-susceptible soil layers may be present in areas closer to or within the river
channel along the bridge alignment. We recommend that additional subsurface
explorations be performed to assess liquefaction potential of soils at additional points along
the bridge span, especially where interior support bents are proposed. Our
recommendations for additional subsurface explorations to support final design are
provided in Section 10.
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The potential for fault rupture is low, given the large distance between the bridge site and
the nearest potentially active fault. Seismically induced tsunami and seiche are non-hazards
at this site, as the adjacent Clackamas River is not an enclosed body of water.

PRELIMINARY BRIDGE FOUNDATION AND RETAINING
WALL DESIGN RECOMMENDATIONS

General

We understand that the proposed bridge is in conceptual design phase, and structural
attributes including the bridge type, design loads, and exact locations of the proposed
abutments and bents have not been determined. The layout of the proposed bridge will
generally coincide with the alignment of the former Clackamas River rail bridge, which
experienced partial collapse in 2014, reportedly due to scour-related foundation failure at
the southern riverbank. Proposed bridge abutment and bent locations should be carefully
selected to avoid construction complications related to encountering previous foundation
remnants.

Our design recommendations for the proposed bridge replacement are based on the
preliminary design information provided by DEA and our field explorations. Preliminary
geotechnical design recommendations are provided for the proposed bridge foundations,
abutments, and retaining walls. The geotechnical design recommendations are included in
the following sections. If bridge foundation or retaining wall types or configurations change
after this report, Shannon & Wilson should be contacted so that we may reevaluate our
recommendations and provide updates if necessary.

Bridge Abutment Global Stability

We conducted preliminary global stability analyses at the proposed Trolley Trail Bridge
abutments using the computer program SLIDE 2018 (Rocscience, 2018). This program
employs limit equilibrium methods in accordance with the ODOT GDM (ODOT, 2018a).
The Spencer slope stability analysis method was used for evaluating rotational surface
failure mechanisms. The analyses were performed for static and seismic conditions. For
seismic slope stability analyses, pseudo-static procedures described in the ODOT GDM
Chapter 6 (ODOT, 2018a) were followed. Horizontal acceleration coefficients equal to one-
half of the site-adjusted peak ground accelerations (0.5 x Fpga x PGA) were used. For our
seismic slope stability analyses, we used horizontal seismic coefficients equal to 0.09 and
0.17 for the CSZE and 1,000-year ground motion levels, respectively.
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The ODOT GDM requires that slopes supporting bridge foundations be designed with a
maximum resistance factor for global stability of 0.65, equivalent to a FS of 1.5, for the static
conditions. For seismic analyses a maximum resistance factor of 0.9, or an FS of 1.1, is
required.

Generalized subsurface conditions and soil parameters were determined from the resuits of
the field explorations and laboratory testing. We analyzed cross-sections drawn along the
centerline of the proposed structure, perpendicular to each abutment (longitudinal
direction).

Based on our analyses, factors of safety at the abutments under static and seismic conditions
meet ODOT requirements. The results of our global stability analyses for the bridge
abutments are presented in Appendix D, Global Stability Analysis Results.

Bridge Foundation Alternatives

The selection of an appropriate foundation system for the proposed Trolley Trail bridge is
dependent upon several factors, including foundation capacities, tolerance to total and
differential settlement resulting from static loads, subsurface conditions, and construction
considerations. Based on available data regarding subsurface conditions, driven steel H-
piles are the preferred foundation type to support the proposed abutments, and large
diameter drilled shafts are the preferred foundation type to support the proposed interior
bent(s). Preliminary recommendations for each of these foundation types are provided in
the following sections.

Drilled Shaft Design Recommendations
General

The following sections provide our preliminary recommendations for axial and lateral
resistance of 6- and 8-foot diameter drilled shafts for the proposed bridge replacement
interior bent foundations. We have estimated preliminary shaft lengths and diameters
assuming that proposed interior bents will be located at the edges of the river channel on
each side of the Clackamas River. We recommend that supplemental exploratory borings be
drilled at proposed interior bent locations to further investigate the depths and quality
(hardness) of bedrock.

Drilled Shaft Axial Resistance

We performed preliminary axial resistance evaluation for drilled shafts in general
accordance with the AASHTO LRFD Bridge Design Specifications, Section 10.8 (AASHTO,
2017). The analyses were based on the subsurface conditions encountered in Boring B-1,
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geotechnical data available in documents discussed in Section 3, and our experience with
similar soils and project conditions in this area. We estimated unit side and tip resistance
values based on the average SPT values (N-values) within each unit, laboratory tests, and
our experience.

Estimated shaft lengths and tip elevations for interior bent foundations are summarized in
Exhibit 9-1 and are based on our assumptions regarding subsurface conditions within the
limits of the river channel. Relatively shallow basalt bedrock is expected to be encountered
near the location of a potential interior bent at the north riverbank, while shafts supporting a
potential interior bent at the south riverbank are assumed to be embedded within a thick
stratum of Sandy River Mudstone. We assumed that drilled shafts extend a minimum of
two shaft diameters (2B) into the Sandy River Mudstone or Basalt. The estimated
foundation lengths and tip elevations do not consider lateral capacity requirements, such as
the depth required to develop lateral shaft fixity.

Exhibit 9-1: Preliminary Estimated Drilled Shaft Length and Compressive Resistance

Factored Axial Compressive

1Estimated Top 2Estimated  Estimated Resistance (kips)
of Shaft Shaft Shaft Tip Extreme
Interior Elevation Foundation Length Elevation  gtrength  Service  Event
Bent (feet) Type (feet) (feet) Limit Limit Limit
10 6'f°°‘g,‘f'ﬂ0”“ed 2 0 2000 5200 5300
North a
Riverbank : :
10 8'f°°‘g,']‘:ﬂo""ed 2 10 3900 6500 7000
6-foot dia. Drilled
10 50 -40 1000 1500 2400
South Shaft
Riverbank : .
10 8“°°‘§,‘\Zﬂ"""ed 50 40 1600 2100 3800
NOTE:

1 Estimated top of shaft elevation based on existing ground surface elevation at proposed bent location.

2 Eslimated shaft length, taken as the distance between estimated top of shaft and estimated shaft tip elevation, is assumed to be
+-5 feet of the table value.

3 dia. = diameter

The estimated nominal axial resistance assumes the shafts are oriented in a single row and
spaced at least three shaft diameters apart (3B), measured center-to-center. Based on this
assumption, the shaft group effects are not considered. If the shafts are in a single row and

spacing is less than 3B, a shaft efficiency factor must be applied, as recommended by the
AASHTO LRFD (AASHTO, 2017).
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Drilled Shaft Lateral Resistance

We understand that the drilled shaft foundations will be subjected to lateral loads resulting
from live loading and seismic loading. We understand that the laterally loaded shaft
analyses will be performed with the aid of the LPILE computer program.

Table 1 (attached at the end of this report) presents the recommended static/seismic LPILE
geotechnical input parameters for the drilled shafts.

The estimated lateral resistance parameters presented in Table 1 are recommended for
drilled shafts with center-to-center spacing greater than five shaft diameters (5B) and in a
single row. Based on this assumption, the shaft group effects are not considered. If the
shaft spacing is less than 5B, or multiple rows of shafts are required, the appropriate P-
Multiplier must be established and applied, as recommended by the AASHTO LRFD Bridge
Design Specifications, Section 10.7.2.4 (AASHTO, 2017).

Driven Pile Design Recommendations
General

The following sections provide our preliminary recommendations for axial and lateral
resistance of driven piles at the proposed abutments. We recommend driven steel H-piles
for support of the abutment foundations on each side of the bridge and have based our
preliminary recommendations assuming use of HP14x89 piles. The number and spacing of
piles at each abutment are unknown at this time, as design loads are currently
undetermined.

Piles may occasionally encounter driving refusal at variable, unpredictable depths, where
piles are driven through dense gravel, cobbles, and boulders. We recommend that the pile
driving contractor drive piles with sufficient length to account for driving refusal variability
or be prepared to weld additional material to the butt to achieve design driving criteria. The
pile driving contractor should also plan to cut off excess material from the ends of the piles
after installation, in order to achieve pile cap embedment required by the structural
engineer.

Driven Pile Axial Resistance

We performed preliminary axial resistance evaluation for driven HP14x89 piles in general
accordance with the AASHTO LRFD Bridge Design Specifications, Section 10.7 (AASHTO,
2017). The analyses were based on the subsurface conditions encountered in Boring B-1,
geotechnical data available in documents discussed in Section 3, and our experience with
similar soils and project conditions in this area. We estimated unit side and tip resistance
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values based on the average SPT values (N-values) within each unit, laboratory tests, and
our experience.

We recommend that the steel piles conform to the requirements of ASTM A572, Grade 50.
Mill certification of the steel should be provided by the supplier. All portions of pile design
and construction should meet the requirements of the 2018 ODOT Oregon Standard
Specifications for Construction (OSSC) Section 00520 (ODOT, 2018b) and its project special
provisions. Exhibit 9-2 presents the typical pile section design properties.

Exhibit 9-2: Pile Section Properties

Steel Grade Section Area Nominal Structural Capacity

Pile Type (kipsfinch2) (inch?) (kips)

HP 14x89 A572 Grade 50 26.1 1306

The estimated nominal and factored compressive resistance of the piles is established using
a resistance factor of 0.4, assuming the Federal Highway Administration (FHWA) Gates
Equation will be used to establish the pile driving criteria.

The estimated driven pile lengths, tip elevations, and the nominal and factored axial
compressive resistances are presented in Exhibit 9-3. The estimated driven pile lengths and
tip elevations provided are based on axial capacity requirements only and do not consider
lateral capacity requirements, such as the depth required to develop lateral pile fixity. The
resistances presented in Exhibit 9-3 are based on a single pile and do not consider axial
group effects due to our understanding that the piles will be spaced at least 2.5 pile
diameters (2.5D) apart (center-to-center).

Exhibit 9-3: Preliminary Estimated Driven HP14x89 Pile Length and Compressive Resistance

Factored Axial Compressive

Nominal Resistance (kips)
IEstimated 2Estimated Axial
Bottom of Pile Driven Estimated Pile  compressive Extreme
Cap Elevation Length TipElevation  Registance  Strength  Service Event
Abhutment (feet) (feet) (feet) (kips) Limit Limit Limit
North 55 45 10 500 200 500 500
South 50 65 -15 550 220 500 500
NOTES:

1 Estimated bottom of pile cap elevation based on existing ground surface elevation at proposed bent location.

2 Estimated driven pile length, taken as the distance between estimated bottom of pile cap and estimated pile tip elevation, is
assumed to be +/-5 feet of the table value.
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Driven Pile Lateral Resistance

We understand that the driven pile foundations will be subjected to lateral loads resulting
from live loading and seismic loading. We understand that the laterally loaded pile
analyses will be performed with the aid of the LPILE computer program.

Table 1 (attached at the end of this report) presents the recommended static/seismic LPILE
geotechnical input parameters for the driven piles.

The estimated lateral resistance parameters presented in Table 1 are recommended for
driven piles with center-to-center spacing greater than five pile widths or diameters (5B)
and in a single row. Based on this assumption, pile group effects are not considered. If the
pile spacing is less than 5B, or multiple rows of piles are required, the appropriate P-
Multiplier must be established and applied, as recommended by the AASHTO LRFD Bridge
Design Specifications, Section 10.7.2.4 (AASHTO, 2017).

Bridge Abutment and Wing Wall Desigh Recommendations
General

We understand bridge abutment walls will be required at the south abutment and may be
required at the north abutment. Wing walls may also be required at the abutments.
Abutment wall dimensions have not been determined at the time of this report. For design
purposes, we have assumed that subdrainage systems will be installed to prevent
hydrostatic pressures from developing behind both abutments. Also, we have assumed that
the backfill behind the abutments will be flat and comprised of standard ODOT Granular
Wall Backfill material.

Additional loads will be imposed on the foundations supporting the bridge if wing walls
are cantilevered from the bridge abutments beneath the bridge deck. If the wing walls are
not cantilevered from the bridge abutments and retaining walls are required, we will
provide geotechnical design recommendations once the wall type and configurations are
determined by the design team.

Lateral Earth Pressures

The lateral earth pressures on the abutment and wing walls depend on the type of wall (i.e.,
yielding or non-yielding), the type and method of placement of backfill against the wall, the
magnitude of surcharge weight on the ground surface adjacent to the wall, the slope of the
backfill, and the design criteria. We recommend that at-rest (non-yielding wall) earth
pressures be considered at the wing wall/abutment connection. At the ends of the wing
walls, active (yielding wall) earth pressures may be used if the length is sufficient to allow
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yielding of the wall. The earth pressure loads can be linearly interpolated along the length
of the wing wall between these values. The abutment wall should be designed as a non-
yielding wall.

Based on the structural design information and the above assumptions, the lateral earth
pressures on the walls were developed according to the ODOT GDM (ODOT, 2018a) and
AASHTO LRFD Bridge Design Specifications (AASHTO, 2017). The static lateral earth
pressure acting on walls consists of two components: static earth pressure and static
surcharge pressure. The seismic lateral earth pressure on walls consists of three
components: static earth pressure, static surcharge pressure, and seismic earth pressure. A
horizontal acceleration coefficient, kn, equal to the site peak ground acceleration (Fpga x
PGA), As, was used to determine the seismic earth pressure for non-yielding walls. A kn
equal to 1/2 of As was used to determine the seismic earth pressure for yielding walls, where
1 to 2 inches of lateral deformation is acceptable. The distributions of these lateral pressures
are shown on Figure 4, Preliminary Lateral Earth Pressure Distribution on Abutment and
Wing Walls.

Subdrainage

Suitable drainage for walls can be provided by granular backfill material and a wall base
subdrain system consisting of a 6-inch-diameter perforated or slotted drain pipe. The
perforated or slotted drain pipe should be wrapped in an envelope of filter material at least
12 inches thick and confined by a separation geotextile. The filter material is specified in
Section 02610.10(a) of the OSSC (ODOT, 2018b). The subdrain should be above the typical
groundwater level, convey any collected seepage to the end of the wall, and daylight at low
spots below the wall elevation or connect to subsurface roadway or other appropriate drain

pipe.
Backfill Material and Compaction

The wall backfill material should be in accordance with standard ODOT Granular Wall
Backfill (Section 00510.12 of the OSSC). Heavy compaction equipment should not be

~ allowed closer than 3 feet to the retaining wall to prevent high lateral earth pressures and/or

9.6.5

101474-005

wall yielding and/or damage. Required compaction of wall backfill within 3 feet of the
walls shall be obtained using hand-operated compaction equipment, such as a vibrating
plate compactor.

Lateral Resistance

We assume the static and seismic lateral resistance of the abutment walls can be provided
by the deep foundations and the lateral resistance for the wing walls will be generated
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through the structural connection with the foundation element. If it is determined that
bridge foundations cannot adequately support the retaining/wing wall loads, specific
foundation design recommendations will be provided upon request.

ADDITIONAL RECOMMENDED SUBSURFACE
EXPLORATIONS FOR FINAL DESIGN

Additional subsurface explorations will be required to develop the final design
recommendations for the proposed bridge as shown in Exhibit 10-1 below.

Exhibit 10-1: Recommended Additional Subsurface Explorations for Final Design

Boring Location Purpose Type of Exploration Derotzo(gf)::t)
Proposed north abutment Bridge Abutment Foundation Land boring (truck rig) 60t0 70
Near north riverbank Interior Bent Foundation In-water boring (barge drilling) 50 to 60
Near south riverbank Interior Bent Foundation In-water boring (barge drilling) 70to 80

LIMITATIONS

The analyses, conclusions, and recommendations contained in this report are based on site
conditions as they presently exist, and further assume that the explorations are
representative of the subsurface conditions throughout the site; that is, the subsurface
conditions everywhere are not significantly different from those disclosed by the
explorations. If subsurface conditions different from those encountered in the explorations
are encountered or appear to be present during construction, we should be advised at once
so that we can review these conditions and reconsider our recommendations, where
necessary. If there is a substantial lapse of time between the submission of this report and
the start of construction at the site, or if conditions have changed because of natural forces
or construction operations at or adjacent to the site, we recommend that we review our
report to determine the applicability of the conclusions and recommendations.

Our evaluations were performed for preliminary design purposes and should not be relied
upon for final design or construction. Additional explorations are required to develop final
design recommendations for this project.

Within the limitations of scope, schedule, and budget, the analyses, conclusions, and
recommendations presented in this report were prepared in accordance with generally
accepted professional geotechnical engineering principles and practice in this area at the
time this report was prepared. We make no other warranty, either express or implied.
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These conclusions and recommendations were based on our understanding of the project as
described in this report and the site conditions as observed at the time of our explorations.

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

This report was prepared for the exclusive use of DEA and Clackamas County in the design
of the Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study project. Our report,
conclusions, and interpretations should not be construed as a warranty of subsurface
conditions included in this report.

The scope of our present work did not include environmental assessments or evaluations
regarding the presence or absence of wetlands, or hazardous or toxic substances in the soil,
surface water, groundwater, or air, on or below or around this site, or for the evaluation or
disposal of contaminated soils or groundwater should any be encountered.

Please read the Important Information Section at the back of this report to reduce your
project risks.
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March 18, 2011

Brown and Caldwell
6500 SW Macadam Avenue, Suite 200
Portland, OR 97239

Attention: Mr. Brett Teel

Report of Geotechnical Engineering Services
Lake Oswego Raw Water Pipeline

Clackamas County, Oregon

GeoDesign Project: BrownCald-49-05-01

GeoDesign, Inc. is pleased to submit our geotechnical data report for the proposed raw water
pipeline alignment located in Clackamas County, Oregon. Our services for this project were
conducted in accordance with our proposal dated July 14, 2010. Additional services for
explorations completed for the crossing at Highway 99E were conducted in accordance with our
proposal dated June 23, 2010. This report presents the results of our surface reconnaissance,
subsurface exploration, and laboratory analyses.

We appreciate the opportunity to be of continued service to you. Please call if you have questions
regarding this report.

Sincerely,

GeoDesign, Inc.

Brett A. Shipton, P.E., G.E.
Principal Engineer

cc: Mr. Bob Jossis, Brown and Caldwell (via email only)
Ms. Corianne Hart, Brown and Caldwell (via email only)
Mr. Nick Wobbrock, Brown and Caldwell {via email only)
Ms. Deborah Rose, Brown and Caldwell (via email only)

EMH:BAS:kt

Attachments

Seven copies submitted

Document ID: BrownCald-49-05-01-031811-geor.doc
© 2011 GeoDesign, Inc. All rights reserved.
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1.0 INTRODUCTION

GeoDesign, Inc. is pleased to submit this geotechnical data report for the proposed raw water
pipeline alignment in Clackamas County, Oregon. Data collected for the Willamette River
Crossing portion of the raw water pipeline is included in a separate report. We understand that
the proposed raw water pipeline alignment begins at the Clackamas RIPS and will follow surface
streets within residential areas in Gladstone, Oregon. The proposed pipeline alignment crosses
beneath Highway 99E and continues through Meldrum Bar Park where it crosses the Willamette
River. The alignment continues on the west side of the Willamette River, where it passes through
Mary S. Young State Park and residential streets in West Linn, Oregon. The proposed raw water
pipeline alignment ends at the existing Lake Oswego WTP in West Linn, Oregon. The site
location relative to surrounding physical features is shown on Figure 1. For your reference,
definitions of all acronyms used in this report are attached at the end of this document.

20 PURPOSE AND SCOPE

The purpose of our services was to explore subsurface conditions at the site and provide
geotechnical engineering data for use in future design and construction, Specifically, we
performed the following tasks:

o Reviewed geologic and geotechnical data relevant to the site.
e Obtained permits for the required drilling from the appropriate jurisdictions.
* Coordinated and managed the field investigation, including scheduling drillers, traffic control
personnel, utility locators, and GeoDesign's staff.
« Drilled a total of 32 borings along the proposed alignment to depths ranging between 6.5
and 27.0 feet BGS. Specifically, we completed the following:
= Four borings to depths ranging between 21.5 and 27.0 feet BGS east and west of
Highway 99E
=  Twenty-six borings to depths ranging between 11.8 and 26.5 feet BGS along the
proposed alignment
* Two borings to a depth of 6.5 feet BGS, which were terminated due to refusal on boulders
or encountered trench fill and were re-drilled within 3 to 5 feet of the original location
o Recorded pavement and base rock thicknesses in borings that were drilled through the
pavement.
e Obtained relatively undisturbed and disturbed soil samples for laboratory testing and
maintained a log of subsurface conditions observed in the exploratory borings.
e Completed a laboratory testing program on selected soil samples collected from the
explorations. Specifically, the following were completed:
= Moisture content determination on all soil samples in general accordance with
ASTM D 2216
= Density determination on all relatively undisturbed and ring samples in general
accardance with ASTM D 2937
= Eighteen fines determinations in general accordance with ASTM D 1140
= Seventeen gradations in general accordance with ASTM C 117 and ASTM C 136
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= FEighteen Atterberg limits determinations in general accordance with ASTM D 4318
= Three direct shear tests in general accordance with ASTM D 3080

e Provided this data report detailing our findings and recommendations regarding trench
stabilization, dewatering, shoring, and rock excavatability.

3.0 SITE CONDITIONS

3.1 SURFACE CONDITIONS

The majority of the alignment runs through residential areas on paved streets. The raw water
pipeline alignment begins near the intersection of Clackamas Boulevard and Portland Avenue in
Gladstone, Oregon. The alignment continues to the west along Clackamas Boulevard to the
intersection with Bellevue Avenue, where it continues to the north. The proposed alignment
turns to the west and continues down Exeter Street, crossing beneath Highway 99E. West of
Highway 99E, the alignment runs down a paved multi-use path called Jensen Road. At the
approximate midpoint of the paved path, the alignment continues to the north through a grassy
area to Meldrum Bar Park Road, where the alignment turns to the west and continues down the
road to the Willamette River. On the west side of the Willamette River, the alignment passes
through Mary S. Young State Park to the northern entrance of the park on Mapleton Drive. The
proposed alignment follows Mapleton Drive to the existing Lake Oswego WTP, where the raw
water pipeline ends. The proposed alignment is shown on Figures 2 and 3.

3.2 REGIONAL GEOLOGY

The complete proposed waterline alignment is located at the southwestern margin of the
Portland Basin physiographic province and crosses into the southeastern portion of the Tualatin
Basin physiographic province. The Portland Basin is bound by the Tualatin Mountains to the west
and south and the Cascade Range to the east and north. The Portland Basin is described as a
fault-bounded, pull-apart basin that was formed by two northwest trending fault zones (Pratt, et
al., 2001). The Portland Hills Fault Zone trends along the west side of the basin and the Frontal
Fault Zone trends along the east side of the basin near Lacamas Lake, east of Vancouver,
Washington. The Portland Basin is underlain by volcanic bedrock and contains a thick sequence
of sedimentary deposits that lap onto the uplifted bedrock highlands at the basin margins.

The Tualatin Basin is a northwest- to southeast-trending structural basin bound by the Portland
Hills and Tualatin Mountains to the north and east and the Chehalem Mountains and Coast
Range to the south and west, respectively (Wilson, 1998). The Tualatin Basin is underlain by
volcanic bedrock and contains a thick sequence of sedimentary deposits that lap onto the
uplifted bedrock found at the basin margins.

The complete proposed waterline alignment follows a topographic depression locally known as
the Oswego Gap that is controlled by bedrock structure. The Oswego Gap cuts through the
Tualatin Mountains between the Portland Basin to the east and the Tualatin Basin to the west.
The eastern end of the gap is now occupied by Oswego Lake. The Oswego Gap was likely formed
by Miocene to Pleistocene age (20 million to 2 million years before present) uplift of the Tualatin
Mountains and displacement on the Lake Oswego Fault, which trends southwest to northeast
along the axis of the gap. The ancient Tualatin River likely sroded the bedrock weakened by the
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fault and initially formed the gap. The Oswego Gap was subsequently scoured and enlarged by
late Pleistocene age (15,500 to 13,000 years before present) glacial outburst floods referred to as
the Missoula Floods.,

The complete proposed waterline alignment traverses a large area of the southwestern portion of
the Portland Basin and spans a number of geologic units. The bedrock unit underlying the
project area is a sequence of basalt flows belonging to the Miocene age (20 million to 10 million
years before present) CRBG. The CRBG is a widespread series of flood basalt flows that originated
from southeastern Washington and northeastern Oregon and flowed westward down the ancient
Columbia River Valley. The basalt flows generally followed and filled pre-existing topographic
lowlands in western Oregon. Basalt thicknesses can range from tens of feet to several hundred
feet., The CRBG underlies the Portland and Tualatin basins and forms the upland topography of
the Tualatin Mountains. The CRBG was subsequently covered by volcanic, fluvial, and lacustrine
sediments derived from erosion of the adjacent highlands.

Faulting and folding were contemporaneous with deposition of the CRBG flows, and this
structural deformation continued into the Quaternary (2.6 million years to present). The CRBG
mapped along the southern boundary of the Tualatin and Portland basins and in the Oswego Gap
area shows an extensive history of faulting and tectonic displacement (Burns, et. al., 1997; Ma, et.
al., 2009). The general trend of faulting is southwest to northeast and southeast to northwest
with widely variable fault displacements and ages of activity. Faulting in the vicinity of the raw
water pipeline generally trends southeast to northwest paralleling the Tualatin Mountains and the
Wiillamette River. These faults form an enechelon pattern with offsets that step-down to the
northeast. Vertical offset of the top of the weathered basalt surface was encountered along the
trend of borings HDD-1 to HDD-5. This offset may be evidence of previously undocumented
faulting of the CRBG associated with faults trending parallel to the Willamette River. A more
thorough discussion of offset in the top of basalt at the Willamette River Crossing and its
possible relation to faulting is provided in the Willamette River Crossing report (GeoDesign,
2011). A majority of the mapped faults in the project area show no documented evidence of
displacement during the Quaternary and are considered to be inactive (Burns, et. al., 1997;
Personius, S.F., 2002).

However, several of the faults in the area have evidence of displacement during the Pliocene to
Pleistocene (5.3 million years to 10,000 years), and down-drop along these faults created
lowlands now identified as the Portland and Tualatin basins. As the floor of these basins down-
dropped, they were filled with a thick sequence of alluvial and fluvial sediments. The Portland
and Tualatin basins were initially in-filled with a fine-grained facies of the Troutdale Formation,
termed the Sandy River Mudstone. This unit consists of interbedded lacustrine sand, silt, and
clay and is the oldest sedimentary rock overlying the CRBG in the Portland and Tualatin basins.
Following deposition of the Sandy River Mudstone, a coarse-grained facies of the Troutdale
Formation consisting of a sequence of alluvial gravel, sand, and silt was deposited in the central
part of the Partland Basin. A significant portion of the sand and gravel component of this coarse-
grained facies was derived from sediment sources located in eastern Washington and ldaho and
transported to the Portland Basin by the proto-Columbia River.
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The Springwater Formation is a sequence of Pliocene to Pleistocene alluvial gravel, sand, and silt
deposited in the eastern part of the Portland Basin. The Springwater Formation was deposited in
major river drainages that originated in the Cascade Mountains and foothills. Consequently, a
significant portion of the sand and gravel component of this formation contains volcanic rock of
the Cascade Mountains, which distinguishes it from the Troutdale Formation.

During the late Pleistocene (15,500 to 1 3,000 years before present), a sequence of catastrophic
floods inundated the Portland and Tualatin basins. These floods originated from repeated
collapses of a glacially dammed lake in western Montana, and water from these outbursts flowed
down the Columbia River into the Portland and Tualatin basins. These series of outburst floods
are termed the Missoula Floods, and the upper water surface during these events reached as high
as 400 feet, inundating much of the Portland and Tualatin basins.

The Missoula Floods selectively eroded the pre-existing topography in the Portland and Tualatin
basins and subsequently deposited sediments as the flood waters receded. A variety of
individual sedimentary facies are associated with the Missoula Floods, including coarse-grained
deposits of gravel and sand associated with floodways and tributary channels and a fine-grained
facies composed of silt and clay deposited in slack-water lakes.

The basalt bedrock and older sedimentary deposits in the project area have subsequently been
modified by Holocene, or recent, (10,000 years to present) river and stream erosion and
deposition. A discussion of the geologic units in the raw water portion of the pipeline alignment
is provided in the following sections.

3.3 RAW WATER PIPELINE GEOLOGY

3.3.1 Clackamas RIPS to Willamette River

The raw water pipeline extends west from the Clackamas RIPS across a broad, gently sloping
older alluvial terrace located between the Clackamas and Willamette rivers. The geologic profile
located along the Gladstone waterline alignment consists of basalt flows of the Miocene age
(20 million to 10 million years before present) CRBG overlain by laminated, sandy silt and clay of
the Pliocene to Pleistocene age (5 million to 1.5 million years before present) lower Troutdale
Formation (Madin, 1990; Ma, et. al., 2009). The Troutdale Formation is overlain by interbedded
sand and gravel layers of the late Pleistocene (15,500 to 1 3,000 years before present) channel
facies of the Missoula Flood deposits. Based on the results of our subsurface explorations, the
flood deposits extend to depths of approximately 25 feet BGS.

The eastern pipeline approach to the Willamette River crosses Meldrum Bar Park, which consists
of a low, broad, flat alluvial terrace. The terrace is mapped as Quaternary alluvium, which
generally consists of unconsolidated silt, sand, and gravel deposits that extend below our
deepest exploration of 27 feet BGS (Madin, 1990; Ma, et. al., 2009). The alluvium is likely a
mixture of recent river-deposited sand and gravel and Missoula Flood deposits.

332 Willamette River to Lake Oswego WTP

The raw water pipeline crosses the Willamette River from Meldrum Bar Park and runs north along
the west riverbank through Mary S. Young State Park and terminates at the Lake Oswego WTP.
The river bottom consists of recent alluvium that ranges in thickness from approximately 23 to
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57 feet BGS based on subsurface explorations. The river alluvium is underlain by basalt bedrock
that is interpreted to belong to the CRBG. The CRBG is mapped along both sides of the river
above the pipeline crossing (Madin, 1990; Ma, et. al., 2009).

The Willamette River is flanked by several river terraces consisting of Quaternary alluvium,
Springwater Formation gravel, and basalt bedrock belonging to the CRBG (Madin, 1990; Ma, et.
al., 2009). The west riverbank is located on the eastern portion of Mary S. Young State Park and
consists of a series of river-cut bedrock terraces. This offset may also be evidence of previously
undocumented faulting of the CRBG associated with faults trending parallel to the Willamette
River. A more thorough discussion of offset in the top of basalt at the Willamette River Crossing
and its possible relation to faulting is provided in the Willamette River Crossing report
(GeoDesign, 2011). Shallow basalt bedrock mapped as CRBG outcrops along portions of the
lower river terrace in the vicinity of the proposed raw water pipeline alignment (Madin, 1990; Ma,
et. al., 2009). Basalt bedrock outcrops were observed north of the existing pipeline at the edge of
the river. Shallow basalt bedrock was encountered at a depth of 6 feet BGS in boring HDD-5
drilled for GeoDesign’s Willamette River Crossing study. The log of this study can be found in
GeoDesign's Willamette River Crossing Report (Geodesign, 2011). Quaternary alluvium is
mapped on most of the terraces next to the river and generally consists of unconsolidated silt,
sand, and gravel deposits. Silt and fine sand deposits may correspond to fine-grained Missoula
Flood deposits that mantle the upper river terrace and lower slopes of West Linn. The Quaternary
alluvium generally consists of unconsolidated silt, sand, and gravel deposits that extend below
our deepest exploration of 40 feet BGS. e

Springwater Formation silt, sand, and gravel deposits are mapped (Madin, 1990; Ma, et. al., 2009)
along portions of the middle river terrace in the vicinity of the proposed water pipeline alignment
and were likely encountered in borings MSY-1 and MSY-3. The Springwater Formation generally
consists of poorly to moderately consolidated, semi-cemented silt and subrounded to rounded
sand and gravel. The Springwater Formation is similar to the more common Troutdale Formation
in age and gealogic history. However, the Springwater Formation originates from alluvial
deposits from the Cascade Mountains; whereas the Troutdale Formation sediments have their
origins in the Columbia Basin. The Springwater Formation underlying the alluvium was likely
scoured by Missoula Flood waters and subsequently covered by slack-water flood silt and recent
river alluvium.

3.4 SUBSURFACE CONDITIONS

We explored subsurface conditions at the site by drilling 32 borings (99-1 through 99-4, BE-0
through BE-2, DA-1, EX-1 through EX-3, JE-1 through JE-3, MA-1 through MA-5A, ME-2 through
ME-5, MP-1, and MSY-1 through MSY-5) to depths ranging between 6.5 and 27.0 feet BGS. The
approximate locations of the borings completed on the east side of the Willamette River are
shown on Figure 2. The approximate locations of the borings completed on the west side of the
Willamette River are shown on Figure 3. Descriptions of the field explorations, laboratory
procedures, and logs of the explorations are provided in the Appendix.

[@FDesIGNe

BrownCald-49-05-01:031811

wi



The subsurface conditions encountered to the east of the Willamette River along the raw water
pipeline alignment generally consist of alluvial soils consisting of alternating layers of soft to very
stiff silt and clay, dense to very dense gravel, and very loose to medium dense sand with varying
amounts of silt and clay. To the west of the Willamette River, subsurface conditions generally
consist of alluvial soils similar to that encountered on the east side of the river, overlying
decomposed to moderately weathered basalt. In borings MA-1 and MA-2, alluvial materials were
not encountered beneath the AC and aggregate base material. Residual soil consisting of silt and
clay were encountered at these locations. The subsurface conditions are summarized on cross

sections A-A’, B-B', C-C', D-D', EE', F-F', G-G', and H-H' as shown on Figures 4 through 11,

respectively.

3.4.1 AC and Aggregate Base
The majority of the explorations drilied for the on-land portion of the raw water pipeline
alignment were completed on surface streets oron a paved pathway. Borings that were not
drilted through pavements include MP-1 and MSY-1 through MSY-5. The thickness of the AC and
aggregate base observed at the boring locations is summarized in Table 1. For clarity, AC and
aggregate base thicknesses are not shown on the cross sections on Figures 4 through 11.

Table 1. AC and Aggregate Base Thicknesses

Boring AC Thickness Aggregate Base Thickness
(inches) (inches)

99-1 6.0 18.0
99-2 7.0 12.0
99-3 3.0 15.0
99-4 6.0 12.0
BE-0 3.0 9.0
BE-1 2.5 15
BE-2 1.5 2.5
DA-1 4.5 5.5
EX-1 3.0 3.0
EX-2 4.0 2.0
EX-2A 4.0 2.0
EX-3 40 6.0
JE-1 3.0 21.0
JE-1A 1.5 10.5
JE-2 1.5 22.5
JE-3 0.75' 29.25
ME-2 2.0 40
ME-3 2.0 10.0
ME-4 2.0 10.0
ME-5 2.0 10.0
MA-1 3.5 85
MA-2 4.0 8.0
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Table 1. AC and Aggregate Base Thicknesses (continued)

Boring AC Thickness Aggregate_ Base Thickness
(inches) (inches)

MA-3 2.5 13.0

MA-4 4.0 6.0

MA-5 6.0 NE
MA-5A 5.0 50

MP-1 Not encountered Not encountered
MSY-1 Not encountered Not encountered
MSY-2 Not encountered Not encountered
MSY-3 Not encountered Not encountered
MSY-4 Not encountered Not encountered
MSY-5 Not encountered Not encountered

1. Chip seal was encountered at the surface in boring JE-3.

34.2 Undocumented Fill

Undocumented fill was encountered in a total of seven borings (99-2, BE-0, JE-3, ME-3, ME-4, MA-5,
MA-5A, and MP-1) and ranges in thickness from 1.5 to 11.4 feet. In general, fill soils consist of
loose to medium dense gravel with varying amounts of silt and sand. Soft to medium stiff silt
was encountered in MP-1 and 99-2.

343 Alluvium

Alluvium was encountered in all of the borings with the exception of MA-1 and MA-2, which
encountered residual soil near the surface. The alluvial soils observed in the borings consist of
soft to very stiff silts and clays with varying amounts of sand and gravel; very loose to very dense
sand with varying amounts of silt, clay, and gravel; and loose to very dense gravel with varying
amounts of sand and silt are also present. Zones of silt, clay, sand, and gravel are present in
alternating layers. Difficult drilling and possible cobbles and boulders were encountered in
borings DA-1, EX-1, EX-2, EX-2A, JE-1, JE-1A, JE-2, MA-3, MP-1, and MSY-3.

344 Residual Soil and Weathered Bedrock

Residual soil was encountered near the surface in borings MA-1 and MA-2. In addition, residual
soil was encountered in boring JE-1 at a depth of 22.0 feet BGS, beneath the alluvial soils.
Residual soils consist of soft to hard silts and clays with varying amounts of sand and gravel.
Decomposed to moderately weathered bedrock was encountered beneath the alluvial soils in
borings MA-3, MSY-1, and MSY-2. The material consists of hard silt and very dense, silty sand.
These units are derived from basaltic origins.

345 Groundwater

Where possible, borings were drilled using hollow-stem auger drilling techniques in order to
measure the depth to groundwater during drilling. in boring 99-1, mud-rotary drilling techniques
were used, and the hole was flushed and allowed to equilibrate for approximately 3.25 hours
prior to measurement. Measurements taken during drilling likely represent seasonally low
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values. Groundwater levels may fluctuate due to periods of heavy rainfall as well as the rise and
fall of the nearby Willamette River. Table 2 presents the groundwater levels measured at each
location at the time of drilling.

[@TeDESIGN:

Table 2. Groundwater Depths

Boring Depth to Groundwater
(feet)

99-] 2.9

99-2 13.0

99-3 6.0

99-4 14.6

BE-0 Not encountered
BE-1 Not encountered
BE-2 Not encountered
DA-1 9.8

EX-1 9.8

EX-2 Not encountered
EX-2A 12.0

EX-3 124

JE-1 6.5

JE-1A 10.0

JE-2 95

JE-3 Not encountered
MA-1 Not encountered
MA-2 Not encountered
MA-3 6.8

MA-4 Not encountered
MA-5 Not encountered
MA-5A Not encountered
ME-2 6.5

ME-3 15.0

ME-4 Not encountered
ME-5 Not encountered
MP-1 11.5

MSY-1 Not encountered
MSY-2 Not encountered
MSY-3 Not encountered
MSY-4 Not encountered
MSY-5 Not encountered

1. Mud-rotary drilling techniques used. Water level allowed to equilibrate for

3.25 hours prior to measurement.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

4.1 GENERAL

Subsurface conditions encountered in the explorations and our recommendations for feasible
construction methods for the trench along the raw water pipeline alignment are provided in the
following sections. Based on our geotechnical investigation, the following factors are likely to
have an impact on design and construction:

¢ Cobbles and boulders are present in the alluvial soils encountered at the site. Utility
excavations will likely require removal of some cobbles and boulders. Where encountered,
removal of cobbles and boulders will be difficult, may require special equipment, and may
result in larger backfill volumes. Excavation estimates and the project budget should account
for enlarged trenches and slowed excavations.

» Shallow groundwater was encountered in several locations along the alignment. Due to the
discontinuity of the groundwater measurements, water encountered is likely perched rather
than representative of the regional groundwater table. Dewatering will be required,
particularly during the winter months.

e lsolated areas of weathered bedrock were encountered near the base of the borings. If the
trench extends into these isolated areas of weathered rock, excavation may be difficult and
require special equipment and excavating techniques. This includes breaking the rock with
an excavator-mounted hydraulic jackhammer, ripping, or the use of non-explosive chemical
agents.

4.2 EXCAVATION

We anticipate that perched groundwater will be encountered throughout the year in portions of
the excavation, particularly during or after periods of significant precipitation. The contractor
should be prepared to dewater excavations. The dewatering methods used should be chosen by
the contractor. Cobbles and boulders may be encountered in the overburden soils during
excavation. Where encountered, cobbles and boulders will result in difficult trench excavations
and may require special equipment and procedures for removal. This indicates the use of
excavation equipment capable of lifting large boulders and breaking up of boulders. Where
cobbles and boulders are encountered, trenches may be wider than anticipated, increasing the
amount of backfill material required.

If excavations extend into the weathered bedrock, specialized excavation techniques may be
required. This includes breaking the rock with an excavator-mounted hydraulic jackhammer.
Non-explosive chemical agents are an alternative to blasting. When chemical agents are used,
holes are drilled in the bedrock. The slurry agent is poured in the holes and expands, typically
for a period of a few hours, and breaks up the rock in a similar fashion to blasting.

4.2.1 Excavation Support

In our opinion, a trench box or other inactive shoring system is appropriate for excavations up to
8 feet deep, provided that there are no sensitive nearby improvements; an active shoring system
should be considered to protect nearby improvements. Selection of the type of shoring system
should be the responsibility of the contractor and should be designed by a licensed engineer.
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Shoring design should be made in accordance with applicable Occupational Safety and Health
Administration and state regulations and should consider groundwater, soil type, and protection
of nearby improvements.

Oversize materials will likely be encountered in the excavation, particularly in the deeper
segments. Removal of boulders may require specialized shoring equipment and limited
unshored segments of open trench.

5.0 LIMITATIONS

We have prepared this data report for use by Brown and Caldwell, the City of Lake Oswego, and
members of their design and construction teams for the proposed project. The data and report
can be used for bidding or estimating purposes, but our report, conclusions, and interpretations
should not be construed as warranty of the subsurface conditions and are not applicable to other
sites.

Exploration observations indicate soil conditions only at specific locations and only to the depths
penetrated. They do not necessarily reflect soil strata or water level variations that may exist
between exploration locations. If subsurface conditions differing from those described are noted
during the course of excavation and construction, re-evaluation will be necessary. The scope of
our services does not include services related to construction safety precautions, and our
recommendations are not intended to direct the contractor's methods, techniques, sequences, of
procedures.

Within the limitations of scope, schedule, and budget, our services have been executed in
accordance with generally accepted practices in this area at the time the report was prepared. No
warranty, express or implied, should be understood.

* ¢

We appreciate the opportunity to be of continued service to you. Please call if you have questions
concerning this report or if we can provide additional services.

Sincerely,
GeoDesign, Inc.
Erica M. Hann, P.E.
Project Engi

expiRes:,_ 6+ 30 Lo 4

4

Brett A. Shipton, P.E., G.E.
Principal Engineer
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APPENDIX
FIELD EXPLORATIONS

GENERAL

We explored subsurface conditions at the site by completing a total of 32 borings (99-1 through
99-4, BE-0 through BE-2, DA-1, EX-1 through EX-3, JE-1 through JE-3, MA-1 through MA-5A, ME-2
through ME-5, MP-1, and MSY-1 through MSY-5). The borings were drilled to depths varying
between 6.5 and 27.0 feet BGS and were completed between June 25 and August 26, 2010. The
locations of our exploration are shown on Figures 2 and 3. The locations of the explorations are
approximate based on the proposed locations provided to us by Brown and Caldwell.

Drilling services were completed by Western States Soil Conservation of Aurora, Oregon.

SOIL SAMPLING

A member of our geological staff observed the explorations. We obtained disturbed soil samples
from the explorations for geotechnical laboratory testing. Classifications and sampling intervals
are shown in the exploration logs included in this appendix.

Soil samples were obtained from the borings using one of the following methods:

e SPTs were performed in sandy soils in general conformance with ASTM D 1586. The sampler
was driven with a 140-pound hammer free-falling 30 inches. The number of blows required
to drive the sampler 1 foot, or as otherwise indicated, into the soils is shown adjacent to the
sample symbols on the exploration logs. Disturbed sand samples were obtained from the
split barrel for subsequent classification and index testing.

¢ A 3-inch-diameter, split-spoon sampler was also used to collect samples. The sampler was
driven using a 140-pound hammer free-falling 30 inches, just as with the SPT samples, and
the penetration resistance was recorded for general correlation with previous subsurface
information.

» A Dames & Moore type U sampler was also used to collect samples. The sampler was driven
using a 140-pound hammer free-falling 30 inches, just as with the SPT samples, and the
penetration resistance was recorded for general correlation with previous subsurface
information. Samples retained from the split barrel consist of up to six 1-inch-high by
2.48-inch-diameter brass rings.

« Relatively undisturbed samples were obtained at selected intervals by pushing a Shelby tube
sampler 24 inches ahead of the boring front or as noted on the exploration logs in general
accordance with ASTM D 1587.

An automatic trip hammer was used to drive the samples in all of the borings.
SOIL CLASSIFICATION
The soil samples were classified in the field in accordance with the “Exploration Key” (Table A-1)

and “Sail Classification System” (Table A-2), which are included in this appendix. The exploration
logs indicate the depths at which the soil characteristics change, although the change actually

[@TDESIGN Al BrownCald-49-05-01:031811



could be gradual. If the change accurred between sample locations, the depth was interpreted.
Classifications and sampling intervals are presented on the exploration logs included in this
appendix.

LABORATORY TESTING

CLASSIFICATION
The soil samples were classified in the laboratory to confirm field classifications. The laboratory
classifications are presented on the exploration logs if those classifications differed from the field

classifications.

MOISTURE CONTENT

We determined the natura! moisture content of all soil samples in general accordance with
ASTM D 2216. The natural moisture content is a ratio of the weight of the water to soil in a test
sample and is expressed as a percentage. The moisture contents are presented on the
exploration logs included in this appendix.

DRY DENSITY

We determined the dry density on selected in general accordance with ASTM D 2937. The test
results are presented on the exploration logs and Figure A-36 in this appendix. The dry density
is the dry unit weight of a soil sample in pound per cubic foot.

ATTERBERG LIMITS

Atterberg limits tests were performed on selected samples in general accordance with

ASTM D 4318. Atterberg limits include the liquid limit, plastic limit, and the plasticity index of
soils. These index properties are used to classify soils and for correlation with other engineering
properties of soils. The test results are presented on Figure A-33.

DIRECT SHEAR TESTING

Direct shear testing was performed on selected samples in general accordance with

ASTM D 3080. This test determines the consolidated drained shear strength of a soil samplein
direct shear. The test is performed by deforming a sample at a controlled strain rate on or near a
single shear plane. Generally, three or more samples are tested, each under a different normal
load, to determine the Mohr strength envelope. Settlement under each applied normal load was
monitored to confirm that consolidation was essentially complete before the specimen was
sheared. The test results are presented on Figure A-34.

PARTICLE SIZE ANALYSIS

Particle size analyses were performed on selected samples in general accordance with

ASTM C 136. These tests are a quantitative determination of the sail particle size distribution
expressed as a percentage of soil weight. The test results are presented on Figure A-35.

The fines content of selected samples was determined in general accordance with ASTM C 117.

The test is a quantitative determination of the percent of soil passing the U.S. Standard No. 200
Sieve as a percentage of soil weight. The results are presented on Figure A-36 of this appendix.

[@TeDesIGNe A2 BrownCald-49-05-01:031811



SYMBOL

SAMPLING DESCRIPTION

I

S

Location of sample obtained in general accordance with ASTM D 1586 Standard Penetration Test

with recovery

Location of sample obtained using thin-wall Shelby tube or Geoprobe® sampler in general
accordance with ASTM D 1587 with recovery

Location of sample obtained using Dames & Moore sampler and 300-pound hammer or pushed

with recovery

Location of sample obtained using Dames & Moore or 3-inch-0.D. split-spoon sampler and 140-
pound hammer or pushed with recovery

Location of grab sample

Rock coring interval

Graphic Log of Soil and Rock Types

- e .
PR

ity Observed contact
i %t 2 between soil or rock units
EotaK (at depth indicated)

Inferred contact between
sail or rock units

Z Water level during drilling (at approximate depths
= indicated)
A 4 Water level taken on date shown
GEOTECHNICAL TESTING EXPLANATIONS
ATT Atterberg Limits P Pushed Sample
CBR California Bearing Ratio PP Pocket Penetrometer
CON Consolidation P200 ngrcent Passing U.S. Standard No. 200
ieve
DD Dry Density
RES Resilient Modulus
DS Direct Shear
SIEV Sieve Gradation
HYD Hydrometer Gradation
TOR Torvane
MC Moisture Content
uc Unconfined Compressive Strength
MD Moisture-Density Relationship
Vs Vane Shear
oC Organic Content
kPa Kilopascal
ENVIRONMENTAL TESTING EXPLANATIONS
CA Sample Submitted for Chemical Analysis ND Not Detected
P Pushed Sample NS No Visible Sheen
PID Photoionization Detector Headspace SS Slight Sheen
Analysis
. MS Moderate Sheen
ppm Parts per Million
HS Heavy Sheen

[@FDESIGN:
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TABLE A-1




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP] GEODESIGN.GDT

DRILLED BY: Western States Soil Conservation, Inc.

LOGGED BY: ASB

=2
§ E E (6] w A BLOW COUNT INSTALLAT'ON AND
Zz| COMMENTS
pEH | & MATERIAL DESCRIPTION Sla| £ | S| O MOISTURE CONTENT %
a o] < D re% CORE REC%
g I = N 0 50 100
i 50.6
%O~ M ASPHALT CONCRETE (6 inches). 501 ; =8
-.g% J| GRAVEL subgrade. o3 3
165 486 ]
25| Soft, brown SILT (ML), minor gravel; e ki
=] moist, low plasticity (alluvium). PR ¥ .
| becomes without gravel at 3.0 feet A @ ~
0] b ft to medium stiff at 5.0 f =
i ecomes soft to medium stiff at 5.0 feet : . N
- DD ke .
] os| Q1@
UL 85 |, ‘e
= 5“7 Soft, brown CLAY (CH); moist, medium 7.0 i LL=51%
) / plasticity (alluvium). [ PE: ; PL = 28%
A i
i :
Dense, gray to brown, fine to medium 9.0 vl : Drilling becomes hard at 8.0
GRAVEL with silt and sand (GP-GM); Pt : L
moist to wet, subangular to subrounded P ‘43
(alluvium). SIEV o )
______________________ 356
Very dense, gray, medium GRAVEL (GP); 15.0 SPT stopped at 12 inches by
moist to wet, subrounded to subangular ®: 30-50/5"4 driller (sampler bent)
(alluvium). 341 P !
§ Medium stiff to stiff, gray SILT (ML), 163 g:'illln'e"rgc?ri?;:r:n] gbsssfieflté
17.5 — moist to wet, low plasticity (alluvium). sand at 16,5 feet
20.0 —
: m £
225 = becomes soft at 22.0 feet |:| 5 : 3-inch-0.D. splitspoon
. 7 A ® sampler used
25.0 —
| i DD = 74 pcf
. DD Pl : [ |
] 216 :
275 Exploration completed at a depth of 220
| 27.0 feet.
300 0 ; 50 700

COMPLETED: 06/25/10

BORING METHOD: mud ratary (see report taxl)

BORING BIT DIAMETER: 3 7/8-inch

BROWNCALD-49-05-01

BORING 99-1

[®TeDESIGN

15575 SW Sequaia Parkway - Suite 100
Portland OR 97224

Off 503.968.8787 Fax 503.968.3068

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-1




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

DR

ILLED BY: Westem Stales Soil Conservation, Inc.

LOGGED BY: CMC

COMPLETED: 06/28/10

2
g =i 2| w| aBsLOWCOUNT 'NSTé\(l)-kAAJI'Eg_N'_SAND
DEPTH | u g1 = = ® MOISTURE CONTENT %
I A L DE | W =
FEET g MATERIA SCRIPTION éo i E (D RaD% COREEER
w
00—t 0 us",,_s - 50 100
ASPHALT CONCRETE (7 Inches). 532
-.Dt?;"- AGGREGATE BASE (12 inches). 0.6
M R v 527
Soft, brown SILT with sand (ML); moist, S
2.5 — low plasticity, disturbed structure -
& FILL - ﬁ ‘3 . : P200 = 69%
5.0
] ﬁ N T}
7.5— _— %
g becomes medium stiff, dark brown, 7 -
i without sand at 7.5 feet £ @
d ; g
10.0 — R : - g
| becomes with red-brown mottles at 10.0 4 Pl g
1 feet A @ 3
- . = E.
. 3
12.5 — hids
ToRA" Very dense, dark gray and brown, fine to | 139 N
195 Very dense, dark gray and brown, fine to : )
13003 coarse GRAVEL with sand and silt (GP- Rlichariera s EOleect
_p}#l GM); wet, subrounded, mixed lithology P
15.0—aqyg (@lluvium). i _
HoBi3 !] ® [ 47500554,
B led
e
175348 At 0
- -oz?:é inch
{88
Her
1553
20.0 —{0 [ —
49, -§_ Lo 67 Lose drlll fluid circulation in
_ggs m 5.; 2 b a d gravels
{084 TR
q-?srg
225 »o-a‘_______...‘ _______________ L8
i Very stiff, light gray mottled red-brown 225 Driller Comment: smoother
g SILT (MH); moist to wet, high plasticity driliing at 22.5 feet
. (alluvium).
25.0 —
. H 29 i LL = 84%
| ATT : . PL = 44%
21.8
] Exploration completed at a depth of 26.5
27.5 — 26.5 feet.
30.0 50 100

BORING METHOD: hollow-stem auger and mud rolary {(see report text)

BORING BIT DIAMETER: 3 7/8-inch

BROWNCALD-49-05-01

@& DEsIGN:

15575 SW Sequola Parkway - Sulte 300
Portland OR 97224

Off 503.968.8787 Fax 503.96B.3068

BORING 99-2

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-2




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GPJ GEODESIGN.GDT

DEPTH
FEET

CRAPHIC LOG

MATERIAL DESCRIPTION

A BLOW COUNT INSTALLATION AND

@ MOISTURE CONTENT % COMMENTS
10 rQD% CORE REC%

> ELEVATION
DEPTH
TESTING
SAMPLE

=]

50 100

—0.0 :
W\ASPHALT CONCRETE (3 inches). %‘3‘
4628 GRAVEL subgrade.
S5EY 465
Y Medium stiff, brown, sandy SILT (ML); 1= Pl
25— moist, low plasticity (alluvium). . -
; - 45,0 b RS Sk £
1954 Dense, gray to brown, fine to coarse 3.0 e A Verv hard defling at 3.0 feet. D
1308 GRAVEL with silt and sand (GP-GM); dry R y gatiofee.
{oBld to moist, subrounded to subangular P H
5.0—5qy (alluvium). LG g
15EH becomes very dense, trace to some : & 9
Jodfdl sand, trace silt at 5.0 feet ®: A v
el :
:'g‘g : :
7.5 ~—‘:z>c g i
0P becomes moist to wet at 7.5 feet 2o és
24 ) ® a
g dis o
jeod P -
10.0 ‘-§ % o 3
T o i‘! wet at 10.0 feet T = g
1558 SIEV e LA 5
o ‘ em 4 g
124 P i
12.5 —{54 i Pl 2
'-(:" 35.0 LA ﬁ
| Soft, gray SILT (ML); moist to wet, low 13.0 Drilling becomes easy at 13.0 c,c;
i plasticity (alluvium). iy feet.
15.0 — —-
: H i
aLs o

Loose, gray, fine SAND (SP), trace silt; 165 Tw inches of sand in shoe of
wet (alluvium). SPTat | 6.5 feet.
i i 285
Stiff, red-brown, sandy SILT (MH); moist 18.5 R Driller Comment: soil
H AR v hanged at 19.5 feet
i (@lluvium). P 83t = &%
i ATT fall @A PL = 37%
i Exploration completed at a depth of 215
22,5 — 21.5 feet.
25.0 —
27.5 —
30.0 50 100
DRILLED BY: Westem States Soil Conservalion, Inc. LOGGED BY: ASB COMPLETED: 06/25/10

BORING METHOD: hollow-stem auger (see report lext)

BORING BIT DIAMETER: 3 7/8-inch

DES'GN"z’ BROWNCALD-49-05-01

15575 SW Sequoia Parkway - Suite 100
Partland OR 87224
Off $03.968.8787 Fax 503.968.3068

BORING 99-3

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR FIGURE A-3




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP] GEODESIGN.GDT

DRILLED BY: Westem States Soil Conservation, Inc,

LOGGED BY: CMC

COMPLETED: 06/30/10

Z|
3 Qz|g w| asLOWCoUNT INSTALLATION AND
DEPTH | £ MATERIAL DESCRIPTION | & S| @ MOISTURE CONTENT % COMMESIS
FEET | & 20| & | 2| O rap% 2] CoRe ReCk
(4 | =1
L 00— 520 50 100
: ASPHALT CONCRETE (6 inches). 5LS 3 "
1958 AGGREGATE BASE (12 inches). 0 i
(" £ 505 . :
Ii Medium stiff, brown SILT (ML); moist, 1.5 3
2.5 ] low plasticity (alluvium). A
| H A e
0— : .
’ 4 becomes with red-brown mottles at 5.0 g B s
| feet A [ JE
7.5 — ==
: ISREE
10.0 — L
becomes stiff, brown with dark gray 5 Lo ss
| mottles; non-organic odor at 10.0 feet A - & FID = 310 ppm £
i - 3
12,5 — 5
? :
) v
15.0 —-- 11 a0 :
{084 Very dense, dark gray and brown, fine to | 150 : ‘92| S8
12837 coarse GRAVEL with sand and silt (GP- ®: A°| PID=31ppm
el E GM); moist, subrounded, non-organic
1%@y8 odor (alluvium).
gasy
17.5 —{0bl3
R 4
b
Jok
200128 EAE
1037 becomes dense; wet, no odor at 20.0 £ 39 NS
10] ; feet . _ PID = 6.5 ppm
[ i
s 1
"0;:. i
22.5 —3(37 i
Lok R
‘94:'3 ______________________ 28,5 e
5 Stiff- gray, Saﬂd"/ SILT {ML)u wet, B B Drlller Comment: smooth
. nonplastic, interbedded with fine sand 3 drilling at 23.5 feet
25.0 — (alluvium). - NS
7 e Pl%l [;rB ppm
: 1
255 = NP
1 Exploration completed at a depth of 26.5
27.5 — 26.5 feet.
30.0 S0 . 100

BORING METHQD: hollaw-stem auger (see report text)

BORING BIT DIAMETER: 8-inch

@ DEsIGN:

15575 SW Sequala Parkway - Suite 100
Partland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-05-01

BORING 99-4

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-4




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

DRILLED BY: Westem States Scil Consarvation, Inc.

2
g - Q| | A BLOWCOUNT 'NSTéc')-kAAJég%AND
DEPTH N MATERIAL DESCRIPTION % = % ® MOISTURE CONTENT %
FEET 3 o oy < (1D rRQD% CORE REC%
| o0 O "';5,5 = ) 50 100
' ASPHALT CONCRETE (3 inches). A= P
i AGGREGATE BASE (9 inches). A s ®
8 Medium dense, brown-gray, silty N
- GRAVEL with sand (GM); moist, LEH
25000 subrounded to subangular - FILL._ ___ %% — 3inch-0.0.sp
'/ Medium stiff, brown CLAY with sand i e samplerused T
:% (CL), trace gravel; moist (alluvium). oL
5.0 —/ ) .
_/ becomes soft, without gravel at 5.0 feet g i Dames & Maore sampler used
% oD A '@ DD = 79 pcf
I | |
_/ becames minor sand at 7.5 feet 30 LL = 46%
/ ATT A ‘@ PL = 25%
/ _______________________ 461
10_0_.2 4 Dense, gray-brown, fine to coarse 9.5 Driller Comment: gravel at
$:80% GRAVEL with silt and sand (GP-GM), - gfﬂzef;r""“ -
lopld trace silt; moist, subrounded to .5 i
% subangular (alluvium). i
1o : Driller Comment: harder
12.5—o becomes very dense at 12.0 feet : | 3rilling at 11.5 Feet
N }; SIEV ® ' A 3-Incr:-0.D. sdplil-spoon
LAy 421 : sampler use:
i Exploration completed at a depth of JE
N 13.5 feet.
15.0 —
17.5 —
20.0 —
22.5 —
25.0 —
27.5 —
30.0 0.---50 .-.'IO

LOGGED 8Y: NAK

COMPLETED: 07/18110

BORING METHQD: hollow-stem auger (see repori text)

BORING BIT DIAMETER: B-inch

BROWNCALD-49-05-01

@& DesioNe

15575 SW Sequola Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

BORING BE-O

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-5




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-48-05-01-MASTER.GP) GEODESIGN.GDT

DRILLED BY: Westemn States Soil Conservation, Inc.

LOGGED BY: NAK

2
g 2 Q| u| aBLOWCOUNT 'NST(':%'MAJE%%AND
DEPTH | L <& S| | @ MOISTURE CONTENT %
FEET g MATERIAL DESCRIPTION E o) E ; (D RaD% ek
[T8]
(W] 50 100
.0 S1.8 —
-0 ASPHALT CONCRETE (2.5 inches). oLr N L
/ AGGREGATE BASE (1.5 inches). f e I P
: Stiff, brown CLAY with sand (CH), trace 2 . : '
gravel; moist, medium to high plasticity Ton ot
2.5 — (alluvium). —t—rt it
Ifaee:tomes sandy, without gravel at 2.5 - ‘12. P i
5.0 . 464 = =
Medium dense, brown, clayey SAND (SC), | >0 [n200| E ® Sk DamsajiWects samplerused
trace gravel; moist (alluvium). 45,8 | DD = P DD = 79 pcf
\grades to dense at 5.5 feet f 6.0 . grriilllliirgcct;l?lrtneernts:hc.xaa\:le;.
Very dense, gray-brown, fine to coarse ] : 3 hard drilling at 6.0 feet
7.5 — GRAVEL with silt and sand (GP-GM); - -
moist, subangular to angular (alluvium). [ ° j‘n
10.0
becomes dense at 10.0 feet [ . 37
@ ;
______________________ 403 :
Medium dense, brown-gray, fine to 1.5 ; :
12.5 — coarse, silty GRAVEL with sand (GM); : <6 3-inch-0.D. split-spoan
moist, subangular to subrounded [} & sampler used
(alluvium). 383 :
. Exploration completed at a depth of b
- 13.5 feet.
15.0 —
17.5 —
20.0 —
22.5 —
25.0 —
27.5 —
30.0 0 6 100

COMPLETED: 07/22/10

BORING METHOD: hollow-stem auger (see report text)

BORING BIT DIAMETER: 8-inch

@& DEsIGN:

15575 SW Sequaia Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-05-01

BORING BE-1

MARCH 2011

LAKE OSWECO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-6




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP] GEODESIGN.GDT

DRILLED BY: Westem States Scil Conservation, Inc.

LOGGED BY: NAK

=
3 Ox| G| u| asowcount INSTALLATION AND
DEPTH | © MATERIAL DESCRIPTION <55 é & | @ MOISTURE CONTENT % COMMENTS
FEET | ol gl 2| omreox 2
| U] < QD% CORE REC%
g tw - wvy
—0.0— = §3.7 50 100
55 R\ASPHALT CONCRETE (1.5 inches). A e E
- AGGREGATE BASE, rounded gravel (2.5 b o
inches). 15_.
1 Stiff, brown CLAY (CL), minor sand; A
2,5 moist, low to medium plasticity —
. (alluvium). : . 48
i 50.2 - @ Lo
Q5 bgcomes sandy at 2.5 feet Il 3s s ' Gravel at 3.5 feet; hard, slow,
-o2X \with gravel at 3.5 feet ! : drilling ch:nber.kone of the
5o Very dense, brown-gray, fine to coarse, : SSsismiEs
V= sandy GRAVEL with silt (GP-GM); moist : I .
i ' 2 . . X “& 3-inch-0.D. split-
] subrounded to subangular (alluvium). - sl S e
7.5 — ; -
- . i 3-lnch-0.D. split-
_H o SIEV E & SIS-?SI.-WE_!M"JL sarr:lcpler usesdpltspoon
10.0 —p2 —
dok . 45.400/8"A 3-inch-0.D. split-spoon
o] becomes moist to wet at 10.5 feet E . | STI00TA Sampler used _
H . ) Refusall to dl:glllr}% alILI.S feet;
-1 . : . ibl oulder,
MOPE with cobbles at 11.5 feet = |9 | 5024 POl ot advance with
TV ! hollovsstem auge]ri sswfltched
12.5— - . to mud rotary at 11.5 feet
i : : Drilter C t 9-inch-
Jeqgg it orange mottles at 12.5 feet . 100k e e
J&t 200 . LT ge‘avi'l:%, grillirlll? chatter
e " = -inch-0.D. split-spooh
1 Exploration completed at a depth of == sampler used
Fi 13.8 feet.
15.0 —
17.5 —
20.0 —
22,5 —
25.0 —
27.5 —
30.0 50 100

COMPLETED: 07/22110

BORING METHQD: hollow-stern auger and mud rotary (see report text)

BORING BIT DIAMETER: 8-inch/3 7/8-inch

BROWNCALD-49-05-01

®FDEsIGN:

15575 SW Sequola Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

BORING BE-2

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE

CLACKAMAS COUNTY, OR

FIGURE A-7




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

DRILLED BY: Westem States Soil Conservation, Inc.

LOGGED BY: NAK

COMPLETED: 07/19/10

2
g Ox|y|w| asowcour INSTALLATION AND
DEPTH | © ROSTERTAL DESERIBTION <% = g @ MOISTURE CONTENT % COMMENTS
FEET § ol v | Z| 0IDRrRep% CORE REC¥%
[74]
| 0o0—LC L;"a_s a 50 100
' ASPHALT CONCRETE (4.5 inches). pul 5&131. : i
AGGREGATE BASE (5.5 inches). f %1.59 : :
T8N Dense, gray-brown, fine to coarse, silty 71 222 P 39
1643\ GRAVEL with sand (GM); moist, i R : ;
2.5+ \subrounded to subangular (alluvium). : S0, solitspaan
_____________________ ¥ ¢ “ncn-0.0. split-spoao
1 Dense, gray-brown, fine to coarse ° | camplerused ¢
X GRAVEL with silt and sand (GP-GM); : :
o moist, subrounded to subangular i :
j (alluvium). . :
>-0—opld becomes subangular to angular at 4.5 ; :
It : 3 ow drilling at 5.0 feet.
i feat ° 38 Slow drilling at 5.0 .
19 : f;
i ; @
7.5—9] - £
12 becomes very dense at 7.5 feet E O : } 3305sible cobbles at 7.5 feet, O
< ® @ . . 7 s oroken gravel greater than 3 o
& 12 : : b inches in dlameter A
o i SR 3-inch-0,D. split-spoan K
a1 : B sampler used a
. . Bobo \vj
10.0 — . L y
| becomes wet; subrounded to subangular L g2 -
] gravel at 10.0 feet e a
£ P P
1o} : ]
12.5 —od - 74
s ® A
ok} 40.0 : YL
] Exploration completed at a depth of L33 :
13.5 feet.
15.0 —
17.5—
20.0 —
22.5 —
25.0 —
27.5 —
200 %100

BORING METHOD: hollow-stem auger (see report text)

BORING BIT DIAMETER: B-inch

BROWNCALD-49-05-01

[@Fe)DEsIGN:

BORING DA-1

15575 SW Sequoia Parkway - Sulte 100
ortland OR 97224

Off 503.925(8787 Fax 503.968.3068 MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-8




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

2
8 o= 9| w| asowcour INSTALLATION AND
DEPTH | © MATERIAL DESCRIPTION <45 £ S @ MOISTURE CONTENT % COMMENTS
FEET g E o Q < | IO RrQD% CORE REC%
w wv
(] 54.6 sa 100
—0.0 -
ASPHALT CONCRETE (3 inches). HE :
- AGGREGATE BASE (3 inches). l j.
- Medium dense, brown, fine to coarse, &
L silty SAND (SM), minor gravel; moist
25—pkeh @luvium). AF
1943 Medium dense, brown, fine to coarse,
i silty GRAVEL with sand (GM); moist, 5
) subrounded to subangular (alluvium). - ; Driller Comment: cobble at
50| with cobbles at 4.0 feet 4.0 feet, slow drifling
| becomes very dense, sandy at 5.0 feet ® - {1 47-T43'A 3-Inch-0.D. splitspoon
) - - i 3 sampler used o
_____________________ 48,1 £
_.gc’ Dense, brown-gray, fine to coarse, sandy | &5 5
7.5—283 GRAVEL with silt (GP-GM); moist, 2
1opd subrounded to subangular (alluvium). J,,g k]
o A 3-inch-0.D. split-spoon k-
i sampler used it
becomes moist to wet at 8.8 feet 2
Medium dense, brown, fine to medium, 9.5 v
silty SAND (SM); wet (alluvium). E 6 - 3-inch-0,D. split-spoon
@A Lo sampler used
becomes gravelly at 11.0 feet _ _ _ _ A1 i
Loose, brown, fine to coarse, silty, sandy -
GRAVEL (GM); wet, subrounded 2 i —— 3-inch-0.D. split-spoon
(alluvium). o Do samuplagissd
1.1
i Exploration completed at a depth of 13.5
Bl 13.5 feet.
15.0 —
17.5 —
20.0 —
22.5 —
25.0 —
27.5 —
30.0 50 e 100
DRILLED BY: Westem States Soif Conservation, Inc. LOGGED BY: NAK COMPLETED: 07116/10

BORING METHOD: hollow-stem auger (see report text)

BORING BIT DIAMETER: B-inch

[@TeDeSIGN:

15575 SW Sequoia Parkway - Sulte 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-05-01

BORING EX-1

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR FIGURE A-9




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

DRILLED BY: Western Slates Soil Conservation, Inc.

LOGGED BY: NAK

2
8 Ox|y| w| asowcoun INSTALLATION AND
DEPTH | © < £l 2 E| @ MOISTURE CONTENT % COMMENTS
FEET | £ MATERIAL DESCRIPTION = '-C‘JJ ; s —
3 o i < I rQD% CORE REC%
0.0 &) 522 50 100
g ASPHALT CONCRETE (4 inches). Ve ’,)'7‘33 Z
+//| \AGGREGATE BASE (2 inches). /52 ;
-/ Stiff, brown CLAY with gravel and sand 14
~/ (CL); moist, low plasticity (alluvium). P
2.5 — =
"% [
:/ becomes minor sand and gravel at 3.5 By
/ feet ot
5.0 — . s —
q/ becomes hard, sandy, with gravel at 5.0 @ - ‘8-50/3"4
-/ fe&t s v DOrill chatter at 5.5 feet, hard
) 452 Lo drglling ) e of
. Exploration terminated due to refusal on | &3 gugs::v bei:?si‘ff;r“éena el
] possible metal or hard rock at a depth considerable wearlng, pulled
7.5 of 6 g feet out of hole.
] ' ' Note: moved 3 feet north and
1 drilled EX-2A
10.0 —
|
12.5 —
15.0 —
17.5 —
20.0 —
22.5 —
25.0 —
27.5 —
a0 50 100

COMPLETED: 07/16/10

BORING METHOD: hollow-stem auger (see report text)

BORING BIT DIAMETER: 8-inch

BROWNCALD-49-05-01

@& DEsIGN:

BORING EX-2

15575 SW Sequoia Parkway - Suite 100
Partland OR 97224

Off 503.968.8787 Fax 503.968.3068 MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-10




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP} GEODESIGN.GDT

DRILLED BY: Westem States Soil Conservation, Inc.

LOGGED BY: NAK

COMPLETED: 07/16/10

z
3 Q= Q| | asLowcount 'NSTéékAAJéﬁ_'T_SAND
DEPTH 9 MATERIAL DESCRIPTION = £| ®MOISTURE CONTENT %
FEET 2 Lo E < | (10 RaD% E7) CORE RECK
—0.0 = u;z,z 50 100
: —_%ASPHALT CONCRETE (4 inches). AL '
/ AGGREGATE BASE (2 inches). /1582 lgel | @
-/ Stiff, brown CLAY with gravel and sand '
: / (CL); moist, low plasticity (alluvium).
2.5 —/
:% becomes minor sand and gravel at 3.5
_/ feet
5.0 —
_/ becomes hard, sandy, with gravel at 5.0
_% feet grlllllllchauer at 5.5 feet, hard
4 457 rilling
2P Dense, gray-brown, fine to coarse 6.5
;54509 GRAVEL with sand and silt (GP-GM); R RS
lopid maist, subrounded to subangular i3
1% (alluvium). & 3.inch-0.D. split-spoon o
] 3 q sampler used 2
oS &
10015
5 _gc %] becomes medium dense at 10.0 feet E ¢ 30 ¢ Finch-0.D. spitspacn g
EH 2 . sampler use &
o . . S
Jof becomes moist to wetat11.3 feet f,., PE v
125131 Very loose, brown-gray, fine to medium, |20 SRR
Ikl silty SAND with gravel (SM); wet A2 h e ®
lalluvivey, CE ] : L=51%
- Medium stiff, light brown-gray SILT 135 REISI36%
- (MH); moist, medium plasticity
15.0 — (alluvium).
. Exploration completed at a depth of
N 13.5 feet.
17.5 —
20.0 —
22.5—
25.0 —
27.5 —
S 50 100

BORING METHOD: hollow-stem auger (see report text)

BORING BIT DIAMETER: 8-inch

®TeDESIGN:

15575 SW Sequoia Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968 3068

BROWNCALD-49-05-01

BORING EX-2A

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE

CLACKAMAS COUNTY, OR

FIGURE A-11




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GPJ GECDESIGN.GDT

Z
3 Oz|u|w| aeowcoun INSTALLATION AND
DEPTH | v <=| Z| Z| ®moisTURE CONTENT % COMMENTS
T MATERIAL DESCRIPTION a“-‘ s
FEET | GAol Y| % | 0D reo% CORE REC%
é [rw| = (%]
L 00—LY° 49.8 ] 50 100
JONASPHALT CONCRETE (4 inches). ks
N\AGGREGATE BASE (6 inches). Vikxs
Medium stiff, brown CLAY (CH), minor
sand, trace gravel; moist (alluvium).
becomes soft, some silt at 3.5 feet LL = 53%
ATT PL=27%
DD = 74 pcf
DD
e — _d ______ b— —_— ._f _________ 4720 ?andy clay at Shelby tip at 6.5
Very dense, gray-brown, fine to coarse, ; eet
sandy GRAVEL with silt (GP-GM); moist, |
subrounded to subangular (alluvium). )
3
2
becomes dense at 10.0 feet 3-inch-0.D. split-spoon 3
sampler used M
k)
______________________ 383 <«
144+ Very loose to loose, brown, fine to 1.5 ]
12.5 —pLikL _medium, silty SAND (SM); wet (alluvium). _| 373 e kv
: e e g e St e e e 125
i Soft to medium stiff, orange mottled 200
light brown SILT (ML), moist, low f-g-g
. plasticity, slow dilatancy (alluvium). )
- becomes gray at 13.3 feet
15.0 — Exploration completed at a depth of
1 13.5 feet.
17.5 —
20.0 —
22.5 —
25.0 —
27.5 —
30.0 50 ' 100
DRILLED BY: Westem Stales Sail Conssrvation, Inc. LOGGED BY: NAK COMPLETED: 07/16/10
BRORING METHOD: hallow-stem auger (see repart text) BORING BIT DIAMETER: 8-inch
DESIG Ng | BROWNCALD-49-0501 BORING EX-3
15575 SW Sequoia Parkway - Sulte 100 LAKE OSWEGO RAW WATER PIPEL'NE
Off 503.968.8387 OF"aE?sZS;.s)sa.soss MARCH 2011 CLACKAMAS COUNTY, OR FIGURE A-12




PRINT DATE: 3/16/1 1:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

CLACKAMAS COUNTY, OR

2
3 O INSTALLATION AND
Q EEIS| | o BLOW COUNT COMMENTS
DEPTH | v MATERIAL DESCRIPTION gl £ % @ MOISTURE CONTENT %
FEET | T @o| v | Z| I re% CORE REC%
§ | =1 wv
—Q. = 49.0 50 100
"__%\ASPHALT CONCRETE (3 inches). gL
u'g{-s,‘ Brown, silty GRAVEL (GM) with sand; dry Hard drifling at 0.5 oo,
158 to moist (aggregate base).
e 470
2.5 — Soft, browr_l SILT (IV_IL), trace sand and . : Easy drilling at 2.0 feet.
_ gravel, moist (alluvium). 4 -
4 A O £
5 s oE g S
i 445 P &
Dense, gray to brown, fine to coarse 45 i o B
5.0 — ' ’ i : e
| GRAVEL (GP), trace to some sand, trace TN ARSI &
| silt; moist to wet (alluvium). SIEV e a o
1 i ! AvA
] P Petroleum-like odor observed
7.5 — o it among sampled soil and
= H:l - & Drilling rods swelled strongly
y : upan attempting a depth of
10.0 — ——
= I] Slight sheen observed among
[ 38.0 Lo clean water at 10.0 feet,
i Very dense, gray-brown, fine to coarse e I e e
] GRAVEL with sand and silt (GP-GM); wet, :
12.5 0P subrounded (alluvium). >
12 g
15.0 — g i —
b H] '@ 14-50/4°4,
g : : Slight non-organic odor
4 % 4 4 : PID = 43 ppm
- i
L0 ;E _______________________ 320 Extremely hard drilling at
| Loose, dark gray SAND with silt and el e vl GrMIADIFeR
gravel (SP-SM); wet (alluvium). g SR
Sisi ‘? ® Heaving sand, slight odor at
PID = 3.7 ppm
Hard, light gray mottled red-brown SILT '
i (MH): moist, high plasticity (residual Stiff drlling at 22.0 fest.
il soil).
25.0 — ;
j TP o .: ‘34 ® PID = 3.2 ppm
becomes light gray at 26.0 feet 225 £ db . -
{ | Exploration completed at a depth of 75 e 15 =
27.5 — .5 feet.
30.0 1] 50 : 100
DRILLED BY: Western Stales Soil Conservation, Inc. LOGGED BY: ASB/CMC COMPLETED: 06/30/10
BORING METHOD: hollow-stem auger (sse report text) BORING BIT DIAMETER: 8-inch
D ESIGNg BROWNCALD-49-05-01 BORING JE-1
15575 SW Sequoia Parkway - Sulte 100 LAKE OSWEGO RAW WATER PIPELINE
OFF 503.908 8989 Crex 203,968,368 MARCH 2011 FIGURE A-13




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GPj GEODESIGN.GDT

Z
g 2l Q| u| A BLOWCOUNT INST(':A(I)'kAAJég%AND
al| =
DEPTH | © MATERIAL DESCRIPTION = S| ® MOISTURE CONTENT %
FEET g Lol | | 01D redx% CORE REC%
(V4]
L 0o0—L% "'4"9,0 a 50 100
"~ 1023 \ASPHALT CONCRETE (1.5 inches). Ak :
_'%\BXAGGREGATE BASE (10.5 inches). A 480 :
—/ Medium stiff, dark brown to brown-red i .-.E
/ CLAY (CL), trace gravel and carbonized FoT
2.5 —/ organics, minor sand; moist, no odor ¥
-/ (alluvium). o
:/ becomes brown, without organics (no &% 2 LL=42%
d/ odor) at 3.5 feet ATT A @ | -
5.0 __//._ ______________________ 44.0 BEER ]
{CPR Very dense, brown-yellow GRAVEL with 50 [siev o TSI e driling a0 5.0 fest
+2x0% sand and silt (GP-GW); moist, angular, no Do : R N
_,q odor (alluvium), . £
"6 becomes brown-gray, fine to coarse; i 5
7.5 —| §; maist to wet, subrounded to subangular - .t 2
Jod at 6.5 feet E ® i 29-100/4°4 3-Inch-0.D. split-spoon k]
8 g - P sampler used o
2% o &
Hod X . o
Bh Bl :
_lepd [ i L : V]
1ei0 ipﬁ becomes dense, gray-brown: wet, : : 0 3;;;’}3'35.:;"' e
ji petroleum-like odor at 10.0 feet o 0 = 3.9 pprm
T =8
% L ss
12.5—J . H:| ® = PID = 5.7 ppm
I Exploration completed at a depth of 135 O
3 13.5 feet.
15.0 —
17.5 —|
20.0 —
22.5 —
25.0 —
27.5 —
30.0  —T
DRILLED BY: Westem States Soil Conservation, Inc. LOGGED BY: NAK COMPLETED: 07/14/10
BORING METHOD: hollow-stem auger (sae report text) BORING BIT DIAMETER: 8-inch
DESIG Ng | BROWNCALD-49-05-01 BORING JE-1A
15575 SW Sequola Parkway - Suite 100 LAKE OSWEGO RAW WATER PIPELINE
off 503.92%?8?29 0&27525;968.3068 MARCH 2011 CLACKAMAS COUNTY, OR FIGURE A'] 4




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

Exploration completed at a depth of
12.9 feet.

No odor at 12.9 feet

2|
8 Or|y|w| asowcout INSTALLATION AND
2| 4 COMMENTS
DEPTH | & <SS | ®MOISTURE CONTENT %
MATERIAL DESCRIPTION wif =
FEET | Z 20| 1| 2| D rad% 2] CORE RECK
= i =]l wv
—0.0— = 47.8 50 100
_pga \ASPHALT CONCRETE (1.5 inches). o 8 bt
- %Q}Q AGGREGATE BASE (22.5 inches). SN
-';O!_z?' _______________ 45.9 ; 3.3‘35
.5/ Very stiff, brown-gray CLAY (CH), minor | 1 Pl
) / sand, trace organics; moist (alluvium). Tt
"/ I No odor at 2.5 feet
/ becomes soft to medium stiff, brown, 4§
‘/ sandy at 3.5 feet I S . : No odor at 4.0 feet
5.0 — - .
-/ ge B E e LL = 52%
/ ATT A @ PL = 28% 2
—% with orange mottles at 6.2 feet s now g No ador at 6.0 feet 5
7.5 —/ : 12-Inch grab sample at E
_/ SN She:gy tip, possibly disturbe .
'/ DD o e EJI’IIJ:‘{H pef :'.:
- / : : 5 : a
] B odor e ¥
/ becomes soft; wet at 9.5 feet T Noiaclorsh et
_______________________ 373 L oA @
Very dense, gray-brown, fine to coarse, 10.5 - Coarse gravel at SPT tip at
clayey GRAVEL with sand (GC); wet, g 8 3 10.5 feet, hard drilling
subrounded to subangular (alluvium). ooE
340 [TV [I B e i
i 12.9 & b

DRILLED BY: Westem States Soil Conservation, Inc.

50 100

LOGGED BY: NAK

COMPLETED: 07/14/10

8ORING METHOD: hollow-stem auger (see report text)

BORING BIT DIAMETER: B-inch

[@TODESIGN:

15575 SW Seguoia Parkway - Sulte 100
Portland OR 97224
Off 503,968.8787 Fax 503.968.3068

BROWNCALD-49-05-01

BORING JE-2

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-15




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP) GECDESIGN.GDT

DRILLED BY: Westem Stales Soil Conservation, Inc.

LOGGED BY: NAK

2
g Ozly w| asLowcounT INSTALLATION AND
DEPTH | © MATERIAL DESCRIPTION g5 E & | @ MOISTURE CONTENT % COMMENTS
FEET | £ 20| 4| 2| mDraox CORE REC%
= o |[F|@
L 0.0— (6] 42.0 50 100
" |04 \CHIP SEAL (0.75 inch). 7
157 AGGREGATE BASE (29.25 inches).
%4
PP | S ————— ———{ua
14433 Loose, brown-gray, fine to coarse, silty, g . 3:inch-0.0. split-spoan
103 sandy GRAVEL (GM); moist, SiEV ] : sampler used
d subrounded to subangular - FILL. :
{1
5.0 —9. LSS
B e eeeY 36.5 130 3-inch-0.D. split-spoon
i Stiff, orange mottled light brown SILT L E A @ sampler used
] with sand (ML), trace organics (rootlets); :ob o3
i maist, low plasticity (alluvium). i :
7.5— —
] : 38 Dames & Moore sampler used
-+ 3.5 | pD o A DD = 96 pcf
J{{}{ with Interbeds of silty sand at 8.5 feet _ 7| 85 E i
Medium dense, brown-orange, fine to :
medium, silty SAND (SM); moist :
(alluvium). 27 N
| o P P200 = 19%
| becomes brown-gray; with interbeds of 30
L] silt at 12.0 feet AW
LT 285 o
| Exploration completed at a depth of (e
i 13.5 feet.
15.0 —
17.5 —
20.0 —
22.5 —
25.0 —
27.5 -
30.0 0 50 . 100

COMPLETED: 07/14/10

BORING METHOD: hollow-stem auger (see report text)

BORING BIT DIAMETER: 8-inch

BROWNCALD-49-05-01

BORING JE-3

G EOB 2N

15575 SW Sequoia Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-16




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GPJ GEODESIGN.GDT

2
3 EE 9| | asowcoun INSTALLATION AND
DEPTH | & MATERIAL DESCRIPTION Lt £ | S| ®MOISTURE CONTENT % I
FEET | Z waol | < | 0D raep% CORE REC%
é w = (%]
L 0.0—fp 40.3 50 100
] Joo ASPHALT CONCRETE (3.5 inches). Va %‘f‘_,{" Py o
}‘i AGGREGATE BASE (8.5 inches). A2 Pl
ﬂ/ Medium stiff, black striked brown-red 7 ’ :
-/ CLAY (CH), trace sand; moist, medium Pt
2.5 —'/ to high plasticity (residual soil). —
/ becomes stiff, trace subrounded gravel e Tk e
-% at 2.5 feet e s
5.0_/ o i
/ becomes soft to medium stiff, with red it : LL=61%
_/ and black mottles, without gravel; high ATT A L PL = 31%
% plasticity at 5.0 feet £ 3
7.5 —/ . . . :
/ becomes minor sand; medium plasticity ; B 76T
/ at 7.5 feet | H =76 p
/ DD _
- P o e o ———— ————————————— — ]
10.0 _/ Soft, browr]-red. sandy CLAY (CL); moist 9.3 i I )
_% to wet (residual soil). p200 | |& @ P200 = 564
12.5 _/ grades to medium stiff, brown-yellow - B
/ and gray; moist, decomposed rock ® g[:me:'&"&zore campler used
7 _fragments at 12.0 feet 26.8
Exploration completed at a depth of e
- 13.5 feet.
15.0 —
17.5—
20.0 —
22.5—
25.0 —
27.5 —
S0:0 1] 50 — 100
DRILLED BY: Westam States Soil Conservalion, Inc. LOGGED BY: NAK COMPLETED: 07/21/10
BORING METHOD: hollow-stem auger (see report text) BORING BIT DIAMETER: 8-inch
DESIG Ng BROWNCALD-49-05-01 BORING MA-1
15575 SW Sequoia Parkway - Suite 100 LAKE OSWEGO RAW WATER PIPELINE
off 503.92‘3{2?3? 015::27535;.958.3065 RAAREH 2011 CLACKAMAS COUNTY, OR FIGURE A-17




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP| GEODESIGN.GDT

Z
8 ®) INSTALLATION AND
o] =Tl o A BLOW COUNT
DEPTH ; MATERIAL DESCRIPTION < E é § @ MOISTURE CONTENT % EOMMERRS
FEET g E o| | | 0D ra% CORE REC%
v
L 00 [v] "‘5"3_5 = 50 100
' SNASPHALT CONCRETE (4 inches). 715 ; '
AGGREGATE BASE (8 inches). A 28 :
5 Medium stiff, brown-red SILT (MH), trace ' & ®
= sand and gravel; moist, medium to high ; : :
2.5 — plasticity (residual soil). =i i
1 becomes soft to medium stiff, brown bk I TR
- and gray with yellow mottles, without AT L & :
¥ gravel at 2.5 feet fod o
5.0 — i i
_ becomes stiff, brown at 5.0 feet Plgg Dames & Moore sampler used
) gg 1 [ ] DD = 69 pcf
7.5 — Y i
i becomes brown-yellow at 7.5 feat [ 0t :
i P ®
10.0 — ) :
4 becomes minor sand, decomposed rock P4 :
2 fragments at 10.0 feet A . ®
125 . [ ‘ : ®
400 TG
i Exploration completed at a depth of 13.5 Eorod
_ 13.5 feet.
15.0 —
17.5 —
20.0 —
22.5 —
25.0 —|
27.5 —
30.0

DRILLED BY: Westem States Sail Conservation, (nc.

0 50 100

LOGGED BY: NAK

COMPLETED: 07/21110

BORING METHOD: hollow-stem auger (see report taxt)

BORING BIT DIAMETER: 8-inch

G EON (@Y

15575 SW Sequola Parkway - Suite 100
Portland OR 97224

Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-05-01

BORING MA-2

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-18




PRINT DATE: 3/16/11:KT

BORING LOG BROWMNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

2
< Oz Q| u| asowcour INSTALLATION AND
DEFTH N & MATERIAL DESCRIPTION S| £ | S| @ MOISTURE CONTENT % EQMEERIS
FEET é @D V| | OIDraD% CORE REC%
5 e = v 50 100
0.0 ’ 87.6
P \ASPHALT CONCRETE (2.5 inches). /%
4205 AGGREGATE BASE (13 inches), 863 -
i \petroleum-like odor. £ X N
‘| Loose, light brown-gray, fine, silty SAND .
2.5 — (SM); moist, no odor (alluvium). .
[ '
: : >
5.0 = . Tt} 3
L e e — — — ] B2 I v 5 e ) 3
Dense, orange mottied brown-gray, fine | 53 [ ‘@ A ard: rlling chatter a1 35 g
to coarse, silty, sandy GRAVEL (GM); T BB ':Ifj = 0.5 oo o
moist, angular (alluvium). P % i ¥
= becomes wet at 6.4 feet ¥
7.5 - & .~ :
SIEV [I ‘@ 27-50/5"4
| 286
9.0
10.0 — high plasticity (residual soil). - : : 3-inchl-0.D. sdpm.sponn
x sampler use:
ATT E ® 35-63-100/4" 4 1L =p58%
i : PL=37%
125 ] becomes minor sand at 12.0 feet Ecg
i -
741 :
] Exploration completed at a depth of 13.5
4 13.5 feat.
15.0 —
17.5 —
20.0 —
22.5 —
25.0 —
27.5 —
30.0 0 50 —T00
DRILLED BY: Westem States Suil Conservation, inc. LOGGED BY: NAK COMPLETED: 07/29/10
BORING METHOD: hollow-stem auger (see report text) BORING BIT DIAMETER: 8-inch
DES'G N BROWNCALD-49-05-01 BORING MA:-3
15575 SW Sequala Parkway - Suite 100 LAKE OSWEGO RAW WATER PIPELINE
Off 503.92?‘8'?’8“7’ 0&2752334.968.3068 MARCH 2011 CLACKAMAS COUNTY, OR F'GURE A'] 9




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP} GEODESIGN.GDT

=2
8 22| w| asowcoun 'NSTé\ékAAJé%“_SAND
DEFTH | & MATERIAL DESCRIPTION Slai| £ S| @ MOISTURE CONTENT %
3 & g < (I rQD% CORE REC%
(|
0.0 (&) 128.8 50 1
B ASPHALT CONCRETE (4 inches). A :
{TTTT\AGGREGATE BASE (6 inches). /12250 Y
. Soft to medium stiff, gray-brown SILT :
s (ML), trace sand; moist low plasticity d
2.5 (alluvium). s —
becomes medium stiff, with sand at 2.5 & Y
= feet ; 3=
5.0 — _ ; -
| becomes with sand to sandy at 5.0 feet g .
= A o
7.5 — . R
_ becomes minor sand, trace clay at 7.5 TR Dames & Moore sampler used
_ feet DD W DD = 85 pef
10.0 — . = i
il becomes soft to medium stiff, with sand " : LL = 39%
i at 10.0 feet ATT ' . @ FL = 29%
’ becomes brown, fine, sandy at 11.5 feet : :
12.5 — i N
i - I:| —‘4 : . P200 = 67%
1153 B
] Exploration completed at a depth of 135
| 13.5 feet.
15.0 —
17.5 —
20.0 —
22.5 —
25.0 —
27.5 —
30.0 0 . S0 100

DRILLED BY: Westem States Soil Conssrvation, Inc.

LOGGED BY: NAK

COMPLETED: 07/21/10

BORING METHOD: hollow-stem auger (see repart text)

BORING BIT DIAMETER: 8-inch

GEON NS

15575 SW Sequola Parkway - Suite 100
Portland OR 97224

Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-05-01

BORING MA-4

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-20




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

r
3 8 Z|2| | aBsLowcCounT 'NSTéékAAJég!‘I!SAND
DEPTH | v <] = | =| @ MOISTURE CONTENT %
I MATERIAL DESCRIPTION ul-| s
FEET 3 E o g < {10 rQD% CORE REC%
Q S0 100
—0.0 137.7
M ASPHALT CONCRETE (6 inches). 1322 E
_'ooo: Medium dense, brown-gray, fine to . Vo
_'z,‘-;'_)- coarse, sandy GRAVEL (GW), trace silt; T 19K
1929 moist, angular (crushed rock) - FILL. ® a
2.5 —t=\0]
_3% grades to sandy GRAVEL (GW) to il
1624 gravelly SAND (SW) at 2.5 feet os'
o5
r.f?é’-é s i
= To ]
' _.95’% becomes loose at 5.0 feet H g -
QO &
Fedy ]
08 1
i Exploration terminated due to potential 6.5 : Moved 5 feet east and drilled
75 trench at a depth of 6.5 feet. MA-SA.
10.0 —
12,5 —
15.0 —
17.5—
20.0 —
22.5—
25.0 —
27.5 —
30.0 /] — S0 . - 100

DRILLED BY: Westem States Sail Conservation, inc.

LOGGED BY: NAK

COMPLETED: 07/30/10

BORING METHOD: hand-auger (see report text)

BORING BIT DIAMETER: 8-inch

@I DesIGN:

15575 SW Sequoia Parkway - Suite 100
Partland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-05-01

BORING MA-5

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-21




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

2|
8 o INSTALLATION AND
Q =IO BLOW COUNT
DEPTH § MATERIAL DESCRIPTION ':t E é ;'I'-J : MOISTURE CONTENT % COMMENTS
FEET g _a_l aly E 10 rQD% CORE REC%
174}
[——— 5] '1'"3‘75 = 50 100
* BB ASPHALT CONCRETE (5 inches). Auzz R
SBENAGGREGATE BASE (5 inches). /] J%ﬁs.i Pod g e
Medium dense, brown, silty, sandy ’ ] I
GRAVEL (GM); moist, subrounded - . ' -
nFPLL. 1133t ———
'/ Medium stiff, orange and black mottled A @
'/ brown CLAY (CH), trace sand; moist : Tl
:% (alluvium). -; Pl
>0 __/ becomes gray, with sand at 5.0 feet R 1L = 5%
_/ becomes brown with orange mottles, ATT A e PL=29%
_/ minor sand at 5.5 feet ] 71
s | | REE
/ becames stiff, trace to minor sand at 7.5 Dy Dames & Moore sampler used
/ feet DD : ‘@ DD = 84 pcf
10.0 —/ . ) G
_/ becomes medium stiff; lenses of sand at 5 Lo
% 10.0 feet A ‘@
12,5 _-/ becomes soft, with sand at 12.0 feet [' == 8 &
ol / AT e
/4 124.1 S
i Exploration completed at a depth of [ER Pold
N 13.5 feet.
15.0 —
17.5 —
20.0 —
22.5 —
25.0 —
27.5 —
30.0

DRILLED BY: Western States Soil Conservalion, Inc.

50 100

LOGGED BY: NAK

COMPLETED: 07/30/10

BORING METHOD: hollow-stem auger (see report laxt)

BORING BIT DIAMETER: 8-inch

@FODEsIGNE

15575 SW Sequoia Parkway - Sulte 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-05-01

BORING MA-5A

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE

CLACKAMAS COUNTY, OR

FIGURE A-22




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GPJ GEODESIGN.GDT

2
3 2 Z{Q| w| asLowcouNT 'NSTéébAJég_'?SAND
DEPTH | L <|8;| = | 2| ® MOISTURE CONTENT %
F MATERIAL DESCRIPTION il =
FEET | £ C @ aly <§,: 1D rRQD% CORE REC%
§ | = 7]
S 47.0 50 100
' SAN\ASPHALT CONCRETE (2 inches). ,!r_ o5 i
|| \AGGREGATE BASE ( inches). __ ___ )| S
Very loose, brown, fine to medium, silty 2 ; ® |
SAND (SM); moist (alluvium). It R
F g
becomes moist to wet at 3.5 feet 2 Y Dames & Woore sampler used &
5.0 s B R o — — — — il 42.0 ; ik .%3
Ji{4 Loose, gray-brown, fine to medium 50 3 £ &
I SAND with silt (SP-SM), trace gravel; wet SIEV A @ o
] (alluvium). | 405 : i 5
Pl ~—— ————————= 0 e et it 6.5 1
Vi Dense, gray-bruwn, fine to coarse : Drlllfer Commemé I?IraVEI at
7.5—38% GRAVEL with sand and silt (GP-GM); ; _ 6.5 feet, scatter driling
-.f‘ moist to wet, subrounded to subangular : L 48
+:0% (alluvium). € : : :a
B . o e e e e e e e i e e | T e | . 2 .
2 Stiff, White mOIl’lEd brown'gray SILT 9.0 : Driller Comment: smooth
10.0 — (MH), trace sand; moist, medium to high - : drilling at 9.0 feet
N plasticity (alluvium). o : LL = 53%
i AT : ‘@ PL = 37%
i becomes stiff to very stiff at 11.5 feet fob
12.5 — brown-green and gray at 12.0 feet Sy
- ?‘: [ ] 3-incl}-0.D. s;lll—spoon
33.8% = - - sampler use
i Exploration completed at a depth of 13.5
y 13.5 feet.
15.0 —
17.5 —
20.0 —
22.5 —
25.0 —
27.5 —
300 50 : . 100

DRILLED BY: Westermn States Soil Conservation, Inc.

LOGGED BY: NAK

COMPLETED: 07/15/10

BORING METHOD: hollow-stem auger (see report text)

BORING BIT DIAMETER: 8-inch

BROWNCALD-49-05-01

BORING ME-2

GEOBENE

15575 SW Sequola Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-23




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

Z
8 Q= Q| w| asLowCcoUNT 'NST(';\(;-'MAJI'E?#SAND
DEPTH | U MATERIAL DESCRIPTION Nt = % @ MOISTURE CONTENT %
FEET | £ Lol v <! 010 rep% CORE REC%
3 v I =
—a0.0 = 31.6 o 50 1
024 \ASPHALT CONCRETE (2 inches). FaE 5z N '
% AGGREGATE BASE (10 inches). __ _ _ _ e R
-'of- Medium dense, brown-gray, fine to 5 B
15 coarse GRAVEL with sand and silt (GP- .;‘14 I
25—28%4 GM); moist, subrounded to subangular e
1a8% - FILL. SRR
JOb - e e —— 281 4! IR
| Soft to medium stiff, brown SILT (MH), & A ‘@ Easy drilling from 3.5 to 15,0
) trace sand; moist {alluwumj : : i fEEt:
5.0 , . e — —
i becomes medium stiff, sandy, trace | = 7 . i Dames & Moore sampler used
: carbonized organics at 5.0 feet o|F| & @ DDI=i72pef
7.5 = , '
i becomes soft, trace sand, without '3 LL = 65%
| organics at 7.5 feet arr| | & 19 PL = 36%
10.0 —| : i
1 3 DD = 75 pcf
oo | Q|7 - ® @
HE D E
125 ] grades to sandy at 12.0 feet ol L i G Shebvilp g
7] r2o0 {8 - 0 @ 3
grades to minor sand at 13.0 feet : 2ol g
o ; Do o
15.0 — . — g
| grades to sandy SILT to silty SAND; wet i ed
plllati50feer s s ©
024 Medium dense, gray-brown, fine to i ]
% coarse, sandy GRAVEL (GP), trace silt; 16.5 :
17.5 —| moist to wet, subrounded to subangular
. {alluvium).
i Exploration completed at a depth of
1 16.5 feet.
20.0 —
22.5 —
25.0 —
27.5—
30.0 50 100
DRILLED BY: Westem States Sail Conservation, Inc. LOGGED BY: NAK COMPLETED: 07/45/10
BORING METHOD: hollow-stem auger (see report text) BORING BIT DIAMETER: 8-inch
-DES|G Ng | BROWNCALD45-05-01 BORING ME-3
15575 SW Sequola Parkway - Sulte 100 LAKE OSWEGO RAW WATER P|PEL|NE
Off 503. gsgr;l;gg OFRa3750§ 968.3068 MARCH 2011 CLACKAMAS COUNTY, OR FIGURE A'24




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP] GEODESIGN.GDT

Z|
3 g T| || asowcount INSTALLATION AND
Z| g COMMENTS
DEPTH = MATERIAL DESCRIPTION % = Z| ®MOISTURE CONTENT %
FEET | & Ga| 9| Z| 01D red% 7] CORE RECK
of | = wv
0.0 358 50 )
_W\ASPHALT CONCRETE (2 inches). Ik T
2234, AGGREGATE BASE (10 inches). __ ___ R |
1o4¥] Medium dense, brown-gray, fine to i
4okty coarse, sandy GRAVEL with silt (GP- : Ho
2.5 —{#FFh GM); moist, subrounded - FILL._ _ __ _ % ==
143L| Very loose, brown, fine, silty SAND (SM), & ®
T119| trace carbonized organics; moist : il
i1 @lluvium).
| becomes without organics at 5.0 feet B .. Dames & Moore sampler used
pD | : DD = 77 pcf
! K e
becomes brown-gray at 9.5 feet P
i l M ® P200 = 12%
A @
23 : Dames & Moore sampler used
) Exploration completed at a depth of R
e 13.5 feet.
15.0 —
17.5 —
20.0 —
22.5 —
25.0 —
27.5—
0.0 Q0 = 50 . 100

DRILLED BY: Westem States Sail Conservation, Inc.

LOGGED BY: NAK

COMPLETED: 07/15/10

BORING METHOD: hollow-stem auger (see report iext)

BORING BIT DIAMETER: 8-inch

Off 503.9

GEONNEE

15575 SW Sequoia Parkway - Sulte 100

BROWNCALD-49-05-01

BORING ME-4

Portland OR 97224

68.8787 Fax 503.968.3068 MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-25




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP] GEODESIGN.GDT

Z
8 Ol u| w| asowcount INSTALLATION AND
DEPTH | © | c TE| Z| 2| @ MoisTURE coNTENT % COMMENTS
I TER RI Ll -
FEET E MA AL DES PTION E 8|5 E: (7T RaD% CORE RECY
[Vq}
0.0 g u;z; & 50 100
JOPS\ASPHALT CONCRETE (2 inches). Fras
1759 AGGREGATE BASE (10 inches). S
Medium dense, gray-brown, fine to ’
medium SAND (SP), trace silt; dry to
moist (alluvium).
becomes loose; moist at 2.5 feet DamesSiMooic samplerysed
DD ) & pc
______________________ 323 P
Loose, brown, fine SAND with siit (SP- 50 g i
SM); moist (alluvium). A®
_______________________ 298 I
Very loose to loose, brown-gray, fine, 7.5 IR
silty SAND (SP); moist (alluvium). -
becomes very loose at 10.0 feet 7 : Dames & Moare sampler used
DD? . : PD = 75 pcf
becomes loose, brown at 12.0 feet e 3 P200 = 30%
; r200 | (& ® -
HdE 23.8 Lo
| Exploration completed at a depth of 135 I
i 13.5 feet.
15.0 —
17.5 —
20.0 —|
22.5 —
25.0 —
27.5 —
30.0 ( —— 50 . 100

DRILLED BY: Weslem States Soll Conservation, Inc.

LOGGED BY: NAK

COMPLETED: 07/15/110

BORING METHOD: hollow-stem auger (see report text)

BORING BIT DIAMETER: 8-inch

G EONNENE

15575 SW Sequoia Parkway - Sulte 100
Partiand OR 97224

Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-05-01

BORING ME-5

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE

CLACKAMAS COUNTY, OR

FIGURE A-26




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GF] GEODESIGN.GDT

DRILLED BY: Westemn States Soll Conservation, Inc.

LOGGED BY: NAK

COMPLETED: 07/14/10

2
3 oz 9| y| asowcour INSTALLATION AND
DEPTH | © SURTERUAL BESERIEIEN <l E | &| @ moisTuRE conTenT EOMMENS
FEET 3 ED Q < -1 rQD% CORE REC%
[&] 51.2 50 100
—0.0
i Soft, dark brown/black, sandy SILT :
2 (ML), some organics, minor gravel; : ;
| organic odor (3-inch-thick root zone) - 3 Do
i FILL. SIEV A ®
2.5 — , . : :
| becomes medium stiff at 2.5 feet 6 1 b
4 A 9
oMU a62 fi i
-fgz?é Medium dense, orange mottled brown- — E ‘e Dames & Moore sampler used
+0% gray, fine to coarse GRAVEL with sand : 5.0 feet, P
_p"a:g and silt (GP-GM); moist, subrounded to K
] %(:’1 subangular (alluvium). B
7.5 —Op2 - : o
tod '- becomes dense at 7.5 feet i % fel £
i :g 1. ..- : - Hard drliling from 8.0 to 13.5 5
{od ._ H feet. 'E‘
| § ) - H
a3 —
RNy : 46 B
-,t%z 13 SIEV ® ‘A N
Joi SN ¥
_% v becomes wet at 11.5 feet - :
12.5 _'oz' becomes very dense at 12.0 feet P car— |
) __.25» ® A
i iz P
i Exploration completed at a depth of 135
i 13.5 feet.
15.0 —
|
17.5 —
20.0 —
22.5 —
25.0 —
27.5 —
30.0 (1} —— 50 . 100

BORING METHQOD: hollow-stem auger (see report text)

BORING BIT DIAMETER: 8-inch

BROWNCALD-49-05-01

GEONEY[EYE

15575 SW Seguoia Parkway - Suite 100
Portland OR 97224
Off 503,968.8787 Fax 503.968.3068

BORING MP-1

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-27




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

DRILLED BY: Westem States Sail Conservation, Inc.

LOGGED BY: VCL

2
3 Ofr INSTALLATION AND
s EIE| Q| w| oBLowcounT COMMENTS
DEPTH | u MATERIAL DESCRIPTION 45| = g @ MOISTURE CONTENT %
FEET g ED Q x 10 rRQD% CORE REC%
0 (%] 137.6 50 100
: pHEae \GRASS/TOPSO". ﬂ inch). /- le;‘l 3 . Driller Comment: gravelly to
Very loose, brown, silty SAND (SM), A @ 7.0 feet
trace rootlets; moist (alluvium), P
becomes loose, brown with gray and goo i 0 P200 = 12%
orange mottles at 2.5 feet p2o0| Jf | |A® @
23‘; g;meg & annre sampler used
& = 81 pc
Loose, gray and orange mottied brown s | oD " i
SAND with gravel and silt (SP-SM); moist, Do
gravel is fine to coarse and subangular ok g e o
h (alluvium). m NOERE gravel at 7.0 feet
A @9
§ ORI oA ot iz
E e © i i i 4 3.nch-0.D. splitspoon
o4 o2 s a e sampler used
#14 Very dense, black and biue-green 12.0 2 3 S
12.5— ' 125 — i
| mottled gray, silty SAND (SM); maist to 2 & “13FA 3.40ch-0.0. spiit-spoon
| wet (residual sail). P ' sampler used
. Exploration completed at a depth of
-+ 12.4 feet.
15.0 —
17.5 —
20.0 —
22.5 —
25.0 —
27.5—
30.0 50 — 100

COMPLETED: 08/26/10

BORING METHQD: hollow-stem auger (see report taxt)

BORING BIT DIAMETER: 8-inch

@FeDesIGN:

15575 SW Sequola Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-05-01

BORING MSY-1

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-28




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GPJ GEODESIGN.GDT

z
3 ol Q| | A BLOWCOUNT 'NSTéékAAJég%AND
DEFTH | £ MATERIAL DESCRIPTION Sla| | S| MOISTURE CONTENT
a o 2| < | D rQD% CORE REC%
= e | v
o0 ] 18.3 50 100
~ [T\ GRASS/TOPSOIL (1 inch). e SN
“."1\Very loose, brown, silty SAND (SM); 1Z8 A @ :
' \moist (alluvium). ’ i 4
Very loose, brown, fine to medium SAND =B
(SP), trace silt; moist (alluvium). —
trace rootlets at 2.5 feet E ‘9. Y g . Dames & Moore sampler used
seams to layers of silty SAND (SM) at 5.0 3 T
feet A ]
A loose, brown with orange and red 7 ]—7Q'g§ §E g w5 5 & 2570 IR
111 vspecks (grains) at 7.5 feet h P200) a4 0 i & Driller Comment: harder
{3 \gray at 7.52 feet 2o drilling from 8.0 to 9.0 feet
+[1{] Loose, gray, fine to medium, silty SAND S
10.0—fL|4] (SM); wet (alluvium). ; : L il
41 minor gravel at 9.8 feet | zs % @ P P200 = 34%
41t Very dense, gray with blue-gray and light | '%7 [*2%° : A et
gray vertical striations, silty SAND with IO
] gravel (SM); moist to wet, vertical layers S heow :
12.5— of black, gray, and orange-brown vertical - ® i
"f14] layers (residual soil). R DR
vertical layers of gray, orange, and black 1 i35 1 I
i \at 12.0 feet [ N
&g ] Exploration completed at a depth of
] 13.5 feet.
17.5—
20.0 —
22.5 -
25.0 —
27.5 —
30.0 B T T
DRILLED BY: Westemn States Soil Conservation, Inc. LOGGED BY: VCL COMPLETED: 08/26/10
BORING METHOD: hollow-stem auger (see report text) BORING BIT DIAMETER: 8-inch
DESlG N BROWNCALD-49-05-01 BORING MSY-2

15575 SW Sequoia Parkway - Suite 100 LAKE OSWEGO RAW WATER PIPELINE
Off 503.968.8787 Fax 505.968.3068 RIARSK 2001 CLACKAMAS COUNTY, OR FIGURE A-29




PRINT DATE: 3/16/11:KT

DRILLED BY: Westem Stataes Soil Conservation, Inc.

LOGGED BY: VCL

2
8 Olz| u| w| aeoWCcOUNT INSTALLATION AND
- CElZ| 2 COMMENTS
DEPTH N MATERIAL DESCRIPTION 95| E S| @ MOISTURE CONTENT %
FEET | £ Lol Q| €| OIDre% CORE REC%
§ w [ wn
o ] 10.8 ¢ 50 0
I H\ TOPSOIL and ROOTS (up to 1/2-inch o g & i s
41fk| \diameter) (1 inch). A @
1|*t] Loose, brown, fine to medium, silty T
SAND (SM); moist (alluvium). A
rootlets at 2.5 feet 5
A @
4 o ‘® P200 = 34%
becomes very loose, gray; wet at 5.8 R
feet P
P : . . 8 .
_______________________ 11. - T R
Very dense, gray, fine to coarse, silty - L e Lo S0RTA
GRAVEL with fine to medium sand (GM); : P S
wet (alluvium).
Driller encountered cobble or
PoovE - boulder at ~10.5 feet that has
. oo u PN W skewed the auger.
with cobbles/boulders at 11.5 feet L Bl o P 1R A S hemddrie so
Exploration terminated due to refusal on S i . . | something if continue,
g cobble/boulder at a depth of 11.8 feet. O e
- sampler used
15.0 —
17.5 —
20.0 —
22.5 —
25.0 —
27.5 —
30.0 — 5

COMPLETED: 08/28/10

BORING METHQOD: hollow-stem augsr (see report text)

BORING BIT DIAMETER: B-inch

BORING LOG BROWNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

BROWNCALD-49-05-01

G EONSIENE

BORING MSY-3

15575 SW Sequola Parkway Sulte 100
Portland OR 9722

Off 503.968.8787 Fax 503 968.3068 MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE

CLACKAMAS COUNTY, OR

FIGURE A-30




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP] GEODESIGN.GDT

brown, sandy SILT (ML), trace gravel and
roots (1 mm diameter); moist (alluvium).

Medium dense, red-orange and gray
mottled red-orange brown, fine to
medium, silty SAND with gravel (SM),
trace gravel and organics; moist
(alluvium).

very loose to loose, without organics at
7.5 feet

becomes loose, red-brown with gray and
orange mottles, fine to coarse, minor
fine to coarse subangular to angular
gravel at 10.0 feet

E

[
o

. e . .':. . . .

P200)

>
L ]

SIEV

Poo |
o

38

2
8 9z| g & BLOW COUNT INSTALTATIGHAND
DEPTH s MATERIAL DESCRIPTION %: i = ® MOISTURE CONTENT %
FEET 3 wia g 11 raD% CORE REC%
L 0.0 [} : u;34 S0 100
TITTI\BARK DUST and TOPSOIL (1 inch). /1 %5 R
.| Medium dense, gray, red, and yellow &
mottled brown, silty SAND (SM); moist TG
(alfuvium).
251 H I St red, biack, and gray speckled | %%
tiff, red, black, and gray speckle —

Drlller Comment: softer
drilling at 7.0 feet

12.5 — Soft to medium stiff/loose, red, gray, P200 = 39%

5 black and orange mottled red-brown, P200)

sandy SILT/silty SAND (ML/SM); maist to 3%-‘52

R wet (alluvium). [ )

- Exploration completed at a depth of
15.0 — 13.5 feet.
17.5—

-
20.0 —
22.5 —
25.0 —
27.5 —
30.0 1] o 50 . 100

DRILLED BY: Westem States Soil Conservation, Inc, LOGGED BY: VCL COMPLETED: 08/26/10
BORING METHOD: hollow-stem auger (see report text) BORING BIT DIAMETER: B-inch

DESIG N BROWNCALD-49-05-01 BORING MSY-4
15575 SW Sequoia Parkway - Sulte 100 LAKE OSWEGO RAW WATER PIPELINE
Off sua.gggfg?gg 01=Ra>9(752§;.968.3068 MARCH 2011 CLACKAMAS COUNTY, OR FIGURE A-31




PRINT DATE: 3/16/11:KT

BORING LOG BROWNCALD-49-05-01-MASTER.GP] GEODESIGN.GDT

30.0

13.1 feet.

=z
8 Ol | wl asLowcount INSTALLATION AND
I A COMMENTS
DEPTH | L MATERIAL DESCRIPTION <% S| &| ®MOISTURE CONTENT %
FEET | £ er =) a4 ?,: 1D rQD% CORE REC%
= ol |F|@
0.0 [&] — 44.7 50 100
= Medium stiff, brown, sandy SILT (ML), o F i :
] minor rootlets; dry. A0 3
i Medium stiff, black and orange mottled TR ;
. brown, sandy SILT (ML); moist, sand is : :
2.5 — fine to medium (alluvium). :
- stiff, trace rootlets (1 mm diameter); dry a8
| to moist at 2.5 feet " :
i branch 1/2-inch di 1
: ta:a§e0 f!’eaentc y root (1/2-inch diameter) E : . 38 Dames & Moore sampler used
7.5 . . £
] becomes stiff to very stiff; branches up 1§ P200 = 71%
] to 1/2- to 3/4-inch diameter at 7.5 feet P200 a0
10.0 — ) . ¢
N trace black burnt wood debris; moist at 18 !
i 10.0 feet A9
L 27 iy
#4171 Medium dense, brown, fine to medium, 120 | &b $200 = 40%
silty SAND (SM); moist (alluvium). 31,6 [P200 a®
] Exploration completed at a depth of 13 b=

DRILLED BY: Westem States Soil Conservation, Inc.

0 50 100

LOGGED BY: VCL

COMPLETED: 08/26/10

BORING METHQD: hallow-stem auger (see report text)

BORING BIT DIAMETER: 8-inch

BROWNCALD-49-05-01

@& DESIGN:

15575 SW Sequola Parkway - Suite 100
Portland OR 97224

Off 503.968.8787 Fax 503.968.3068

BORING MSY-5

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-32




PRINT DATE: 3/1/11:KT

ATTERBERG_LIMITS 14 BROWNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

60

y/ ®
50 CH br OH //
/ "A"[LINE
3 40 x
: 7
z
G 30
-
g CLorOL
o.
20 Q
|
G / MH pr OH
/
/ SLML / ML or OL
0
0 10 20 30 40 50 60 70 80 90 100 110
LIQUID LIMIT
KEY EX';IL&'}@EF'{ON SAM‘(’;-IEE%EPTH MO'S(TPUE';ECB?T";TENT LIQUID LIMIT | PLASTIC LIMIT | PLASTICITY INDEX
° 99-1 7.0 37 51 28 23
® 99-2 25.0 58 84 44 40
a 99-3 20.0 42 57 37 20
* 99-4 25.0 37 NP NP NP
® BE-0 7.5 28 46 25 21
S BE-1 2.5 19 52 25 27
o EX-2A 13.0 49 51 36 15
a | EX-3 3.5 28 53 27 26
® JE-1 25.0 53 107 49 58
® JE-1A 35 28 42 26 16
o JE-2 5.0 35 52 28 24
® MA-1 5.0 33 61 31 30
PS MA-2 2.5 51 66 45 21
% MA-3 10.0 42 58 37 21

@ DEsIGN:

15575 SW Sequeia Parkway - Sulte 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-05-01

ATTERBERG LIMITS TEST RESULTS

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-33




PRINT DATE: 3/1/11:KT

ATTERBERG_LIMITS 14 BROWNCALD-49-05-01-MASTER.GP) GEODESIGN.GDT

60

>
/
50 CH pr OH
/ "A"|LINE
»x 40
w
[=)
G 30 /
= *
g CLorOL
[~
20 /
/ A
10 /t MH br OH
/ CLML / ML or OL
0 /
0 10 20 30 40 50 60 70 80 90 100 110
LIQUID LIMIT
EXPLORATION | SAMPLE DEPTH | MOISTURE CONTENT
KEY[ B SUMBER (FEED) (PERZEN) LIQUID LIMIT | PLASTIC LIMIT | PLASTICITY INDEX
® MA-4 10.0 37 39 29 10
x MA-5A 5.0 33 55 29 26
A ME-2 10.0 46 53 37 16
* ME-3 7.5 47 65 36 29

@FEDESIGN:

15575 SW Sequoia Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-05-01

ATTERBERG LIMITS TEST RESULTS

{continued)

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-33




PRINT DATE: 3/1/11:KT

DIRECT_SHEAR_FAIL_LENV_NO BOX BROWNCALD-49-05-01-MASTER.GP] GEODESIGN.GDT

3,000
2,500
& 2,000
(Vs
(S
X
[
I
2
Ll
of A
= 1,500
<
i [ ]
[74]
1,000
¢
A
500
<]
X
0
0 500 1,000 1,500 2,000 2,500 3,000
NORMAL PRESSURE (PSF)
KEY | EXPLORATION | SAMPLE DEPTH | MOISTURE CONTENT | DRY DENSITY| ¢\ rp
NUMBER (FEET) (PERCENT) (PCF)
° 99-1 5.0 29 91 YES
@ MA-2 5.0 51 71 YES
a ME-5 10.0 11 76 YES
o | BROWNCALD-49-05-01 DIRECT SHEAR TEST RESULTS
2@ JESIGNz
15575 SW Sequoia Parkway - Suite 100 LAKE OSWEGO RAW WATER PIPELINE
[o]{3 sossggr}i';gg oi-"‘a)9(7§g;.965.3068 MARCH 201 ] CLACKAMAS COUNTY. OR FlGURE A"34




RELATIVE DENSITY - COARSE-GRAINED SOILS

. . i r &M
Reatve Densiy | Standard Pertrarion [ Dames & Moore Sampler [ Dacs & Moore Sampler
Very Loose 0-4 0-11 0-4
Loose 4-10 11-26 4-10
Medium Dense 10-30 26-74 10-30
Dense 30-50 74-120 30-47
Very Dense More than 50 More than 120 More than 47

CONSISTENCY - FINE-GRAINED SOILS

Consistenc Standard Penetration | Dames & Moore Sampler | Dames & Moore Sampler | Unconfined Compressive
Y Resistance (140-pound hammer) (300-pound hammer) Strength (tsf)
Very Soft Less than 2 Less than 3 Less than 2 Less than 0.25
Soft 2-4 3-6 2-5 0.25-0.50
Medium Stiff 4-8 6-12 5-9 0.50-1.0
Stiff 8-15 12-25 9-19 1.0-2.0
Very Stiff 15-30 25-65 19 - 31 2.0-4.0
Hard More than 30 More than 65 More than 31 More than 4.0
PRIMARY SOIL DIVISIONS GROUP SYMBOL GROUP NAME
CLEAN GRAVELS
GRAVEL (< 5% fines) CWor CGP GRAVEL
(more than 50% of GRAVEL WITH FINES GW-GM or GP-GM GRAVEL with silt
coarse fraction | >%and <12%fines) | GW-GC or GP-GC GRAVEL with clay
COARSE-GRAINED ,rfta";";fi o GRAVELS WITH FINES oM IS"tV GRAVEL
SOILS 0. 4 sieve & 12% fines) GC : clayey GRAVEL
GC-GM silty, clayey GRAVEL
(more than 50% CLEAN SANDS
retamed.on SAND (<5% fines) SW or SP SAND
No. 200 sieve) —
(50% or more of SANDS WITH FINES SW-SM or SP-SM SAND with silt
coarsa fraction L& 5% and < 12% fines) SW-SC or SP-5C SAN'D with clay
passing SM silty SAND
: SANDS WITH FINES
No. 4 sieve) & 12% fines) SC : clayey SAND
SC-SM silty, clayey SAND
ML SILT
FINE-GRAINED CL CLAY
Liquid limit less th
SOILS iquid limit less than 50 CLoML silty CLAY
(50% or more SILT AND CLAY 3}: ORGANIC SILTSoIrLSRGANIC CLAY
passing S
No. 200 sieve) L'q”'gr';’:t';rso or CH CLAY
OH ORGANIC SILT or ORGANIC CLAY
HIGHLY ORGANIC SOILS PT PEAT
MOISTURE
CLASSIFICATION ADDITIONAL CONSTITUENTS
Secondary granular components or other materials
Term Field Test such as organics, man-made debris, etc.
Silt and Clay In: Sand and Gravel In:
d very low moisture, Percent | rine.Grained Coarse- Percent | Fine-Grained Coarse-
Y| dry to touch Soils Grained Soils Soils Grained Soils
moist damp, without <5 trace trace <5 trace trace
visible moisture 5-12 minar with 5-15 minar minar
wet visible free water, >12 some silty/clayey 15-30 with with
usually saturated g i Nl ORI e 8] > 30 sandy/gravelly | sandy/gravelly

Portland OR 97224

@ DesIcNe

15575 SW Sequola Parkway - Suite 100

Off 503.968.6787 Fax 503.96B.3068

SOIL CLASSIFICATION SYSTEM

TABLE A-2
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PRINT DATE: 3/1/11:KT

LAB SUMMARY BROWNCALD-49-05-01-MASTER.GP} GEODESIGN.GDT

SAMPLE INFORMATION SIEVE ATTERBERG LIMITS

MOISTURE |  DRY
EXPLORATION| SAMPLE | ELEVATION (‘;gé“ggﬁ) D'(EF',“CS;)TV GRAVEL SAND P200 HAUD 1 P PLASTICITY

NUmger | EETH | (reE) (PERCENT) | (PERCENT) | (PERCENT) | (oereinT) | (PERCENT) | (PERCENT)

99-1 2.5 34

99-1 5.0 28 93

99-1 7.0 37 51 28 23

99-1 10.0 16 58 32 10

99-1 15.0 13

99-1 22.0 42

99-1 25.0 47 74

99-2 2.5 31 69

99-2 5.0 35

99-2 7.5 34

99-2 10.0 39

99-2 15.0 1

99-2 20.0 15

99-2 25.0 58 84 44 40

99-3 2.5 23

99-3 5.0 4

99-3 7.5 8

99-3 10.0 12 53 36 1

99-3 15.0 17

99-3 20.0 42 57 37 20

99-4 2.5 32

99-4 5.0 32

99-4 7.5 42

99-4 10.0 37

99-4 15.0 5

99-4 20.0 13

99-4 25.0 37 NP NP NP

GEONENE

15575 SW Segquoia Parkway - Suite 100
Por?land OR 97224
Off 503.968 8787 Fax 503.968.3088

BROWNCALD-49-05-01

SUMMARY OF LABORATORY DATA

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-36




PRINT DATE: 3/1/11:KT

, LAR SUMMARY BROWNCALD-49-05-01-MASTER.GP] GEODESIGN.GDT

SAMPLE INFORMATION SIEVE ATTERBERG LIMITS
MOISTURE |  DRY
ExPLORATION| SOMPLE | £ pvaTiON (C;,(E)l'l“CTEEN’I“TT) DEF',“(?;)TY GRAVEL SAND P200 U | PiasTiC || PLASTICITY
NUMBER | T | (peem (PERCENT) | (PERCENT) | (PERCENT) | oatiry | (peReENT) | hRoam)
BE-0 1.0 9
BE-0 2.5 25
BE-0 5.0 28 79
BE-0 7.5 28 46 25 21
BE-0 10.0 5
BE-0 12.0 5 66 26 8
BE-1 1.0 18
BE-1 2.5 19 52 25 27
BE-1 5.0 21 79 35
BE-1 7.5 6
BE-1 10.0 5
BE-1 12.0 6
BE-2 1.0 16
BE-2 2.5 18
BE-2 5.0 4
BE-2 7.5 6 55 34 1
BE-2 10.0 8
BE-2 1.5 5
BE-2 12.5 10
DA-1 1.0 9 48 35 17
DA-1 2.5 6
DA-1 5.0 6
DA-1 7.5 5
DA-1 10.0 12
DA-1 12.0 14
EX-1 1.0 13
BX-1 3.5 12 34 30 36

G EON AT\

15575 sW Se¢1u
riland OR 9722
Off 503.968.8787 Fax 503 968.3068

BROWNCALD-49-05-01

SUMMARY OF LABORATORY DATA

(continued)

oia Parkwav Suite 100

MARCH 2011

LAKE OSWEGO RAW WATER PIPELINE
CLACKAMAS COUNTY, OR

FIGURE A-36




PRINT DATE: 3/1/11:KT

LAB SUMMARY BROWNCALD-49-05-01-MASTER.GP] GEODESIGN.GDT

SAMPLE INFORMATION vosTuRE | Ry SIEVE ATTERBERG LIMITS
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SHANNOM & WILSON, INC.

GEOTECHNICAL DESIGN REPORT
INTERIM EXPANSION
TRI-CITY WATER POLLUTION CONTROL PLANT
CLACKAMAS COUNTY, OREGON

1.0 INTRODUCTION

Water Environment Services (WES), a department of Clackamas County, is in the process of
upgrading its wastewater treatment capacity. A significant portion of this upgrade includes a
phased expansion of the Tri-City Water Pollution Control Plant (WPCP). The Interim Expansion
Phase encompasses new facilities for a Membrane Bioreactor treatment process as well as
interaction with the future Post-Interim facilities. Additionally, this project includes site work on
the existing plant work to reduce the environmental impacts of the plant. This expansion will
provide capacity to handle growth from both the Tri-City Service District (TCSD) and
Clackamas Service District No. 1 (CCSD*1). WES has contracted the MWH team to provide
engineering services for the design of the Interim Expansion. This document presents Shannon
& Wilson’s geotechnical design recommendations and conceptual construction considerations.
The information in the report is intended to support MWH during the design phase.

1.1 Site Location

The WPCP is located at 15951 S. Agnes Ave in Clackamas County near the confluence of the
Clackamas and the Willamette Rivers. The legal location description is the SE Quarter of the
SW Quarter of Section 20 in Township 2 South and Range 2 East. Figure 1, Vicinity Map
displays the project location in relation to nearby landmarks. The proposed plant expansion area
will be immediately to the south of the existing plant. Locations of each of the interim
expansion facilities in relation to the existing plant are shown on Figure 2.

1.2  Objectives

The objective of this report is to provide the design team with recommendations regarding
geotechnical issues. In particular, we want to document the current foundation recommendations
for each major facility and develop conceptual construction considerations which may impact
future design decisions. We provided a general description about site geology and seismic
considerations as a backdrop to the discussion of individual facilities. In general, for each
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facility we covered foundation recommendation (foundation type and static performance),
seismic performance (liquefaction and ground deformation) and construction considerations
(excavation and dewatering). Our primary goal is to reiterate existing predesign geotechnical
recommendations in a consistent document and highlight areas that require continued effort.

2.0 SCOPE OF WORK

The scope of this document includes discussions of local geology and subsurface conditions
based on Shannon & Wilson’s explorations and literature reviews, seismic site response based on
a probabilistic site hazard assessment and recommendations for site preparation, foundations
backfill for the interim facilities. Our evaluation will be based on the current facility layout,
shown on Figure 2, and our understanding of proposed facilities at the time of this document,
using existing and new geotechnical information obtained at the plant site. It should be noted
that a Geotechnical Data Report (Dated May 2008) containing data only related to the Interim
Expansion has been prepared as a separate document.

3.0 REVIEW OF EXISTING INFORMATION

Portions of the evaluation provided in this report are based on existing subsurface information.
Specifically, Shannon & Wilson collected and reviewed geotechnical information from the
following documents.

“Geotechnical Design Recommendations, Tri-City WPCP Liquids Expansion” by CH2M
Hill, Inc, 2002, prepared for the Tri-City Service District.

“Geotechnical Data Report, Tri-City WPCP Liquids Expansion” by CH2M Hill, Inc,
2002, prepared for the Tri-City Service District.

“Soils Report, Tri-City Sewerage Treatment Plant” by CH2M Hill, Inc, 1982, prepared
for the Tri-City Service District.

“Seismic Vulnerability Assessment, Tri-City Wastewater Treatment Plant” by URS
Corporation, 2002, prepared for Water Environment Services.

“Phase I and Phase II Environmental Site Assessment, Tax Lot 502" by URS
Corporation, 2001, prepared for Tri-City Service District.

“Remedial Action Work Plan, Unpermitted Rossman Landfill” by URS Corporation,
2000, prepared for Tri-City Service District.

TRICITY GEOTECHDESIGNRPT/WP/DRH 24-1-3420-001



SHANNCOM & WILSON. INC.

4.0 GEOLOGY, SUBSURFACE CONDITIONS AND LABORATORY TESTING
4.1  Site Topography

The WPCP is located approximately 4500 feet to east / northeast of the confluence of the
Willamette and Clackamas River, as shown on Figue 1. The project site is bordered on the north
and east by the Clackamas River and by Clackamette Cove to the west and south, both of which
are at approximately elevation 15 ft above mean sea level. To the north and west of the site the
ground is relatively flat for approximately 2000 feet before giving rise to steep terrace
formations. On-site, the ground surface near the planned facilities is generally flat but varies
from elevation 44 to 46 feet.

4.2  Geologic Setting

The project site is underlain by three significant geologic units. The youngest unit is found at the
ground surface and is composed of catastrophic flood deposits laid down during the outwashing
of glacial Lake Missoula some 15,000 years ago. Soils found in the flood deposits are generally
silts with sand interbeds with underlying layers of gravel. The gravel alluvium consists of very
dense sandy gravel and cobbles. A geologic unit named Sandy River Mudstone is found below
the alluvial gravels and locally observed along the banks of the Clackamas River. The Sandy
River Mudstone Unit is generally composed of Pliocene-aged sedimentary rock beds. When
encountered during our explorations the Sandy river mudstone was identified as very soft
siltstone/very hard clayey silt.

4.3 Subsurface Conditions

Shannon & Wilson has developed a model of subsurface conditions based on our knowledge
from both on-site exploration and review of existing on-site and nearby geotechnical evaluations.
Shannon & Wilson drilled seven exploratory mud rotary borings to depths ranging from 30 to 50
feet below the ground surface. In addition to borings the subsurface was explored using an
electric cone penetrometer (CPT). We advanced four CPT holes to depths between 20 and 35
feet. The CPT probes were stopped where they reached a refusal pushing force on the Troutdale
gravels. Logs of the exploration program are contained in Appendix A. For reference, boring
logs from previous reports in the plant area are contained in Appendix D. More details of the
recent exploration program is contained in the Geotechnical Data Report.
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After the explorations were completed, we performed a number of index and analytical
laboratory tests to further refine our understanding of the soils that were collected, during the
boring phase of the exploration program. Once available data was collected we developed our
subsurface model which is represented by our boring logs (see Appendix A) and the Geologic
Cross Sections (see Figures 3 and 4). The following list is a summary of the soil groups that
have been identified in the subsurface model.

4.3.1 Soil Unit Descriptions

The subsurface is described using the following units:

»

Site Fill: This material ranges in thickness from 4 to 7 feet. This fill was part of the
original plant construction; therefore, it is likely made up of excess select fine-
grained native soil fill and remnants of the coarse-grained preload fill soils. The
fine-grained fill was non- to low plasticity medium stiff silt with scatted organics.
Thickness of the fine-grained soils was typically between 2 to 3 feet. Below the
fine-grained fill, the coarse-grained soils were very dense and consisted of a
combination of silt, gravel and cobbles. The coarse-grained soils were typically
between 3 to 4 feet thick.

Alluvial silt, sandy silt, silty sand: This layer is quite variable across the site in
both composition and relative thickness. This layer is largely made up of silts and
silty sands. In some areas, primarily closer to the river, the soil is more sandy.
These materials are flood-deposited and fine-grained with low to non-plastic
characteristics. Thickness of the deposit ranges from 22 to 37 feet, on average the
upper 20 feet of the unit is soft to stiff silt below which is a 2 to 4 feet thick bed of
loose silty sand. During large earthquake events, these materials are susceptible to
loss of strength and liquefaction when saturated under the groundwater table. The
thickness range of this layer in the vicinity of the planned interim structures is 25 to
30 feet. More sandy soils result in less consolidation under static loading, but more
susceptible to loss of strength during large seismic events.

Alluvial gravelly sand, sandy gravel: This material is flood deposited and
primarily coarse-grained material with fines in the matrices between gravel particles.
This material is non-plastic, but is dense to very dense and is not susceptible to loss
of strength and liquefaction under the groundwater table. This unit is encountered
fairly regularly across the site at an elevation of approximately 20 ft msl with the
exception being the area beneath the proposed fine-screening building where the top
of the gravel was significantly lower and was encountered at an elevation of 7 ft msl.
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» Siltstone (Sandy River Mudstone): Below the gravel unit is a weathered siltstone
layer that appears to be quite uniform in depth below the ground surface. Based on
the borings that encountered the siltstone unit, we estimate the top of the unitis at a
depth of 40 ft bgs(EL 5 ft msl). The siltstone is a very weak rock that remolds to a
non-plastic silt or medium plasticity clayey silt depending on the degree of
weathering.

4.3.2 Groundwater

Ground water levels at the site appear to fluctuate by up to about 10 feet. During
maximum seasonal high ground water levels, the depth to ground water could reach 25 feet
below the existing ground surface, elevation 20 feet, or possibly higher. We estimate the average
seasonal high ground water level is elevation 18 feet. During the dry seasons, the depth to
ground water is about 30 to 35 feet.

44  Laboratory Testing

Shannon & Wilson completed a laboratory testing program composed of standard index testing.
The laboratory testing is intended to compliment and confirm the field classification performed
during the subsurface exploration program. In our geotechnical evaluation, we also used
laboratory testing completed for previous on-site explorations; these results, as well as, the
results of the laboratory are presented in Appendix B. A complete discussion of the lab testing
program and results is presented in the Geotechnical Data Report.

5.0 GENERAL SEISMIC CONSIDERATIONS
5.1 Seismic Setting

Within the present understanding of the regional tectonic framework and historical seismicity,
three broad seismogenic sources have been identified:

» A mega-thrust source at in interface between the North American and Juan de Fuca
plates in the Cascadia Subduction Zone (CSZ).

» A deep subcrustal zone (intra-slab) in the subducted Juan de Fuca Plate and Gorda
plates in the CSZ.

» A shallow crustal zone within the forearc of North American Plate.
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For the general area of the WPCP, the seismogenic sources that contribute significantly to the
ground motion hazard include both megathrust earthquakes on the CSZ (located about 95 miles
west of the site) and shallow crustal earthquakes on nearby faults. The nearest mapped shallow
crustal faults are the Portland Hills Fault and the Oatfield Fault. According to the USGS
Quaternary Fault Database, the Oatfield fault has been traced to within less than a mile of the
WPCP site. The Portland hills fault has been traced to within 2 miles of the WPCP site.

Table 1 illustrates the different properties or parameters for the earthquakes that contribute to the
ground motion hazard levels. We used these earthquake parameters in evaluating the seismic
hazards at the Tri-City WPCP site. The magnitudes and distances of earthquakes were obtained
from the USGS web site, Probabilistic Seismic Hazard Deaggregation, based upon the project
site location (Longitude = -122.590, and Latitude = 45.375). Peak ground accelerations (PGA)
shown on Table 1 were obtained from the 2002 USGS Seismic Hazard Maps (Frankel et al.,
2002) and USGS Ground Motion Parameter Tool (Version 5.0.7) for the Pacific Northwest
Region. The relative contribution of seismogenic sources to the ground motion hazard levels
were calculated from the USGS PSHA. As shown on this table shallow crustal and CSZ
megathrust earthquakes contribute the most to the seismic hazard at the WPCP site.

TABLE 1 - Earthquake Characterization by Seismogenic Source

Exceedance Bedrock Seismogenic Contribution to Modal Distance Mla:/[(:ilt‘:ll de
Probability PGA (g) Source Seismic Hazard from Site (km) (%VI )
W,
2% in 50 yr 0.389 Shallow Crustal 80 % 10 6.0
CSZ Intra-slab N/A N/A N/A
CSZ Megathrust 20% 95 8.5

5.1.1 Earthquake Ground Motions

Design ground motions were calculated using the IBC 2006 design guidelines which are
based on the “Maximum Considered Earthquake” (MCE) ground motions. As defined in the
IBC 2006, a MCE corresponds to ground motions with a 2 percent probability of exceedance in
50 years and determined from the USGS national probabilistic seismic hazard analysis. These
ground motions are then transformed, either amplified or damped, by the soil column below a
point of interest. How soil conditions affect the ground motions is determined by the
assignment of a seismic soil profile. We evaluated each structure separately, and depending on
the soils and the depth of the foundation, designated a seismic site class and design ground
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motion for each. A description of the seismic site class and estimated seismic performance of
each structure is discussed in Section 7, Geotechnical Design Recommendations. The following
sections detail the inputs used to develop the site response for each of the structures.

5111 Sgand S

The seismological inputs used to construct a response spectrum using the IBC
2006 procedure are short period spectral acceleration, Ss, and spectral acceleration at the 1
second period, S, shown on Figure 1615 in the code. As defined in the IBC 2006, Ss and S, are
for a MCE. For the design earthquake at the site the acceleration values are shown on Figure 5.

5.1.1.2 Site Class

The site soil response factors are based on determination of the Site Class.
Determination of the seismic Site Class was based on the procedure described in the IBC-2006
and Oregon Structural Specialty Code 2007 for seismic site classification using standard
penetration resistance values. Based on the subsurface explorations at the site, it is our opinion
that the site depending on the structure in question, may be best classified as a site class C, D or
E. The liquefaction hazard calculations, discussed in later sections of this report, indicate that
the fine-grained soil directly overlying the dense gravel below the ground water level is
liquefiable during design ground motions. Subsurface conditions with potentially liquefiable
soils correspond to Site Class F. For F sites, the code requires a site-specific ground response
evaluation for structures with periods greater than 0.5 seconds. For structures with periods less
than 0.5 seconds, the code allows for seismic design based on a site class determined directly
from information in the codes and supplementary references without regard to liquefaction. A
number of the structures may qualify for this exception and although they will experience some
liquefaction they may be classified as a Site Class E.

The Site Class, ground surface peak ground acceleration (PGA) and liquefaction
hazards are shown in Table 2. We did not account for liquefaction mitigation that may occur
during construction. Our recommendations regarding liquefaction mitigation and seismic
performance will be covered in the following sections within the discussion of each structure.
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TABLE 2 - Seismic Profile and Liquefaction Hazard

. Ground Potential Sand Loss of Bearing Capacity .
SiteClass Surface PGA, g | Liquefaction | Boiling in Liquefiable Layer Settemeiblin
__E 0.244 Y N Y Otol

D 0.277 Y N Y 0to7
____C 0.253 Y Y Y NA
C 0.253 N N/A N/A N/A

5.1.1.3  Response Spectra

The response spectra for the probable Site Classes on site are presented on Figure
5. Peak bedrock ground accelerations, S, and S; were determined using the USGS Earthquake
Ground Motion Parameters software, version 5.0.7 (June 18, 2007). The response spectra were
constructed using the IBC 2006 procedure.

5.1.2 Earthquake-Induced Geologic Hazards

Earthquake-induced geologic hazards that may affect a given site include landsliding,
fault rupture, settlement, liquefaction of fine-grained, ailuvial soils below the ground water level
and associated effects (loss of shear strength, bearing capacity failures, loss of lateral support,
ground oscillation, lateral spreading toward the open slope of the Clackamas River, etc.), and
flooding (i.e., seiche and tsunami). Liquefaction and related effects appear to pose the most
likely and significant earthquake-induced geologic hazard at the site.

5.1.2.1 Liquefaction

Liquefaction potential was evaluated for the Interim Structures not founded in or
on the dense gravel. Soils that are typically highly susceptible to liquefaction are loose, saturated
cohesionless sandy or silty soils. Soil particles in a loose soil will tend to arrange themselves in
a more compact configuration (i.e., densify) when shaken with sufficient intensity. If there is
water between the soils particles (i.e., the soil is saturated), the tendency of the soil to densify
decreases the pore space between the soil particles and increases the pore water pressure.
Liquefaction results as pore water pressure in the soil approaches the effective confining stress,
causing the soil to effectively loose most of its shear strength. The effects of liquefaction may
include loss of bearing capacity for shallow foundations, reduction in lateral and vertical
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capacities of deep foundations, buoyant rise of buried structures, ground surface settlements,
lateral spreading and embankment instability or slumping.

The most widely used method is an empirical procedure, termed “Seed’s
Simplified Procedure.” This method was proposed by Seed and his colleagues (1971 and 1983)
and updated by Youd et al. (2001) and is based on correlations between standard penetration
resistance (SPT N-value), soil peak ground acceleration (PGA), and earthquake magnitude.
Based upon the geologic profiles presented in Figures 3 and 4 , we selected two representative
soil profiles to evaluate the liquefaction potential using the above procedure.

5.1.2.2 Liquefaction Induced Settlement

The liquefaction-induced settlement was evaluated using Ishishara and Yoshimine
(1992). The estimated range of liquefaction-induced settlement (without mitigation) for the
various foundation types are discussed in the next section under the individual structures. For
these evaluations, it was assumed that liquefaction settlement needs to be mitigated for all the
structures.

5.1.2.3 Lateral Spreading

Liquefaction induced by reduction in soil shear strength can result in deep seated
shear and lateral displacement (lateral spreading). As a result, the subsoils beneath the project
site sufficiently close to the slopes of the Clackamas River may move laterally towards
Clackamas River. We estimated the magnitude of the potential lateral spreading of the subsoils
underneath the facilities using the simplified approach presented by T. Leslie Youd (1998). We
estimate that lateral ground spreading toward the river at the Standby Power building location
will be less than 12-inches following the CSZ megathrust design earthquake and less than 1-inch
following a shallow crustal design earthquake. Based on our previous evaluation, lateral
spreading for Interim structures east of the Standby Power building is not considered a hazard.

5.1.2.4 Liquefaction-Related Reduced Foundation Capacities

The effects of liquefaction on the foundation capacities of specific structures or of
uplift forces are a potential risk at the site. We believe that reduction in foundation capacities,
both lateral and vertical, and uplift forces will occur for unmitigated structures. All the interim
main structures have been mitigated for liquefaction potential by either placing the structures on
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piles or overexcavating the liquefiable soil and replacing with non-liquefiable imported crushed
rock.

5.1.2.5  Other Earthquake-Induced Geologic Hazards

The risk posed by other earthquake-induced geologic hazards to the WPCP is
relatively low in our opinion. A brief discussion of other earthquake-induced geologic hazards
is provided in this section of the report. The risk posed by landsliding is relatively low, in our
opinion. We base this opinion on the flat topography at the site and the large distances to
significant slopes.

The potential for fault rupture is also relatively low. The nearest mapped fault is
the Oatfield Fault Zone, located approximately 1 mile north of the site. This zone consists of a
northwest trending fault. While this fault is considered potentially active by the USGS, the
potential for fault rupture at the site is relatively low because of the distance and orientation
between the site and the fault. '

The potential for flooding due to seismic waves (tsunami or seiches) is not
applicable because the site is located several tens of miles inland from the coast and any potential
tsunami wave, and the elevation difference between the site and Clakamette Cove result in alow
risk that a free-standing oscillating wave (seiche) could develop and affect the site.

6.0 GENERAL CONSTRUCTION CONSIDERATIONS
6.1  Construction Sequencing

Our understanding of the construction of the Interim Expansion is as follows. The open cut
excavation for the main portion of the facility will be completed as a single site excavation down
to varying subgrade elevations, as determined by footing elevations and constructability needs.
The main excavation will encompass the footprints for the Membrane building, Aeration Basin,
Fine Screenings building, Ultra Violet Disinfection and Chemical Handling building and the
three interconnecting galleries. Under a portion of the Aeration Basin, overexcavation will occur
to remove fine-grained soils above the gravel, and replaced with working pad material. A
working pad will be placed following completion of the excavation. Once the working pad is in
place, the auger-cast pile foundation system will be constructed for the structures within the
excavation. Depending of the final excavation plan, the top elevation of a number of the auger-
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cast piles will have to be extended, with columns, to design building slab elevation, e.g. chemical
handling building. After, and in some cases before, installation of auger-cast piles, yard piping
below the structures will be installed. We assume that excavation and replacement of the
existing fill with lightweight fill next to the existing Aeration Basin will be completed during
yard pipe installation. Following yard pipe installation, structure construction will begin,
including the installation of the subdrain (underdrain) system beneath the Aeration Basin. We
anticipate that backfill will be placed concurrently as structures are built up. Once the
excavation has been backfilled to design elevation along the north wall of the proposed aeration
basin, additional auger-cast piles will be installed to support the Membrane Electric and Blower
building. With regard to geotechnical considerations, the Standby Power Generation building is
independent of this construction sequence.

6.2 General Earthwork
6.2.1 Site Preparation

All areas that will receive structural fill, pavement or support structures should be
stripped to a depth is sufficient to remove topsoil, significant roots, asphalt, concrete curbs and
any other deleterious material. We estimate that it will be necessary to strip approximately 8 to
12 inches of top soil. Localized stripping to greater depths may be required.

6.2.2 Segregation and Stockpiling Materials

In the proposed open cut areas, the excavated materials will include organic surface soils
and vegetation; silty gravel; sands, silty sands and sandy silts and silts. We recommend
segregating and appropriately stockpiling the organic soils, the silty gravels, sand and silty sand
for future use as topsoil and “select native” backfill or fill, respectively. Sandy silts and silts that
are not suitable for backfill or other engineering purposes, should be hauled to an offsite disposal
area or used in landscape berms. Stripped asphalt pavement and concrete curbs and other debris
are not suitable for structural fill and should be removed from the site.

6.2.3 Temporary Cut and Fill Slopes

We understand that proposed construction method is an unshored open cut excavation
with slopes sides. The excavation will be open cut in the range of 14 to 32 feet deep. The
excavation will be in various materials including site fill, dense alluvial gravel, but mainly very
soft/very loose alluvial silts and sands, and for this material we recommend that temporary
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slopes not be steeper than 1.5H:1V and covered with erosion control measures such as a plastic
membrane. Temporary cut slopes are typically the responsibility of the contractor and should
comply with applicable local, state and federal safety regulations, including the current OSHA
Excavation and Trench Safety Standards.

6.2.4 Backfill

We understand that large number of different backfill materials will be utilized for the
construction of this project. S&W anticipates that all backfill materials and their specific
locations and placement criteria will be fully described in the construction plan and
specifications. Generally, backfill recommendations include subgrade preparation, material
type/gradation, compactive effort, maximum lift thickness and testing criteria. The following
sections described general backfill criteria that are subject to modification under specific design
recommendations and the construction plans and specifications.

6.2.4.1 Subgrade Preparation

The subgrade should be prepared by scarifying and recompacting the subgrade
soil to a depth of 12-inches. The prepared subgrade should than be observed for suitability by an
appropriate design professional. The subgrade suitability should be determined by a hand
probing and proof rolling and/or density testing with a nuclear densometer. Proof rolling should
be performed with a fully loaded 10 yard dump truck or other suitable rubber tired construction
vehicle. Areas of the subgrade that pump or weave or appear soft or excessively wet should be
rescarified, dried and recompacted to obtain acceptable performance or else removed and
replaced with suitable compacted granular fill.

6.2.4.1 Backfill Material

Backfill material should be provided in accordance with the final construction
plans and specifications. Generally, we recommend that compacted crushed rock be used
beneath any structure, pipeline and pavement or behind buried walls that were designed with
drained backfill, with the gradation varying depending on function. Select native soils may be
used a backfill in areas where there are no structures and behind walls that were designed to
withstand undrained lateral loading. Moisture conditioning may be required before the on-site
soils are suitable for placement as select native fill. Other specialized backfill materials such a
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controlled density, low strength concrete fill and light weight fill materials may be required
where specifically noted.

6.2.4.1 Backfill Placement

Backfill material should be placed in accordance with the final construction plans
and specifications. Generally, we recommend that crushed rock fill be placed in 8-inch
maximum loose lift thickness and compacted to 92 percent of the maximum dry density based on
a modified proctor value (ASTM International D 1557). Over pipelines and other buried
structures we recommend the granular fill be compacted to 90 percent of the modified proctor
value to a maximum thickness of with five feet above the structure or within 2 feet of the finish
grade, whichever is smaller. Compaction of crushed rock fill is generally accomplished by the
use of a smooth drum vibratory roller or hand methods adjacent to walls. Select native fill
material should be placed in maximum 8-inch loose lift thickness and be compacted to a
minimum of 92 percent modified proctor value. Compaction of select native fill is generally
accomplished by the use of a kneading roller or smooth drum vibratory roller, depending on the
material type being placed.

6.3 Wet Weather Construction

The silts and sands that may be exposed as subgrade material are sensitive to moisture. Because
of the duration of the project and assuming that excavation cannot be fully completed during the
“dry” season, we recommend that 18-inch crushed rock working pad be placed of the exposed
soil subgrade to protect it from degredation due rutting or pumping and to provide a suitable
working surface. Below the working pad we recommend placing a non-woven geotextile to act
as a separation layer. Before the working pad is buried by backfill materials, damaged or failed
locations, as determined by proof rolling, should be excavated and replaced with suitable
material. Additional geotextile may be required depending on the situation.

6.4  Temporary Shoring for Pipeline Trenches

Based on the site conditions and the evaluation of various construction methods, the approach of
the design team is to assume the pipelines will be constructed using cut and cover methods using
typical trench shields or trench boxes. We understand that means and methods for temporary
trench support will be the responsibility of the contractor.

TRICITY GEOTECHDESIGNRPT/WP/DRH 24-1-3420-001
13



SHANNON & WILSON, INC.

6.5  Control of Water (Construction Dewatering)

From the explorations and based on groundwater level measurements, control of groundwater
will be needed for all the excavations below an elevation of 18 feet, msl during the wet times of
the year. Perched water zones may be encountered at any time. Control of ground water will be
needed for the aeration basin, fine screening building, effluent box, and some of the deep yard
piping. We anticipate other portions of the excavation will be above the ground water and only
perched water or incidental water would need to be controlled.

The type of dewatering system and the amount of ground water flow is largely dependent on the
depth of the excavation and time of year for the construction. Our opinion is that a significant
portion of construction dewatering, both above and below the water table, may be achieved with
the use of a sump system. We understand that disposal of the construction water will be in the
proposed retention basin,

7.0 GEOTECHNICAL DESIGN RECOMMENDATIONS

This Section describes Shannon & Wilson’s current understanding of the Interim Expansion
Project and documents our geotechnical recommendations on a structure by structure basis in
sections 7.1 through 7.9. Sections 7.10 and 7.11 discuss our geotechnical recommendations for
facility wide project elements.

7.1  Fine Screenings Building

The Fine Screenings building is located at the north east comer of the proposed expansion. The
proposed top of slab elevation is approximately EL 26 ft. We understand that the footprint
dimension of the Fine Screenings building will be approximately 110 feet by 60 feet. We
understand that the building will be adjacent, and likely structurally attached, to the primary
gallery along a portion of the western wall of the building. We understand that on the east side
of the building there will be a solids discharge structure founded at final grade. The current
configuration of the building shows that there will be a number of relatively large diameter pipes
beneath the slab of the building. Our subsurface exploration program indicated that the fine-
grained soil unit is significantly deeper and softer under the Fine Screenings building than other
explored locations on-site. The subsurface conditions and performance criteria suggest that a
deep foundation alternative is a practical choice to support this facility.
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7.1.1 Foundation System

In our opinion, the Fine Screenings building should be supported on auger-cast piles in
conjunction with a structural slab. Our foundation evaluation indicates that a shallow foundation
will experience significant static settlement on the order of 2” to 3” of total settlement and %2 to
1” of differential settlement. A pile supported structure will experience only small amount of
static primarily elastic settlements and should perform adequately during the design seismic
event.

We recommend that the auger-cast piles achieve the required capacity from an
embedment into the siltstone unit, the top of which was encountered at an approximate elevation
of 5 feet, msl. In our opinion the piles should have a nominal diameter of 18 inches. Required
axial pile capacity is a function of pile length which should be determined during the final design
phase from the capacity curves provided in Figures 6 and 7. Based on our exploration of the
subsurface beneath the Fine Screenings building we anticipate that two different pile lengths
should be used for the north one third and the south two-thirds of the Fine Screenings building,
Figures 6 and 7, respectively. The figures provide ultimate axial capacities of the piles in both
uplift and compression, maximum allowable capacity at 0.5 and 1 inch of pile head settlement
and ultimate axial capacity under the post-earthquake, downdrag loading. The figures also
indicate the recommended factor of safety that should be applied to the axial capacity under each
scenario.

Figures 8 and 9 provide estimated auger-cast pile reaction under lateral loading for the
north one third and the south two-thirds of the Fine Screenings building, respectively. The
figures include pile head deflection of a partially fixed-head pile as a function of a lateral point
load applied at the pile head, bending moment within the pile and pile deflection as a function of
pile depth for a number of different applied loads. Design curve figures, both axial and lateral,
have been developed for each of the structures for which we have recommended pile support.
The figure numbers will be noted in the text where they apply.

Minimum center to center pile spacing needed to avoid group effect capacity reductions
is three times the nominal pile diameter. Tolerance of pile spacing is typically 3 inch derivation
between actual installation and design drawings. We recommend that the maximum vertical
derivation is limited to less than 4 inches in 10 feet. Additionally, we recommend that the auger-
cast pile construction specifications and construction procedures follow the most recent addition
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of the “Augered Cast-in-Place Piles Manual” Published by the Deep Foundations Institute’s,
Augered Cast-in-place Pile Committee.

7.1.2 Secismic Performance

Our subsurface model indicates that the seismic site class for the Fine Screenings
building is a Site Class E. Following a seismic event we anticipate that there will be some
maintenance required on the building associated with seismically related ground deformations,
but in our opinion the structural capacity of the foundation system will not be compromised.
Two key issues that will likely require some maintenance are cracking of concrete slabs and/or
wall and the creation of a void space between the building foundation slab and soil subgrade due
to liquefaction induced settlement. Our estimates indicate that the void under the foundation
may be on the order of 2 to 7 inches.

7.1.3 Construction Considerations

Our recommendation regarding the use of auger-cast piles will likely result in the need
for a specialty subcontractor by the general contractor during construction. Currently we are
recommending the use of auger-cast piles for other structures on-site and the following
discussion regarding their construction applies to the other structures unless otherwise noted.

Auger-cast piles are constructed by drilling to a prescribed bearing stratum with a hollow
stem, continuous flight auger. The auger is left in place to support the walls of the borehole and
a grout mix is pumped under pressure into the stem while the auger slowly withdrawn from the
hole. As the auger is withdrawn, a sufficient head of the grout mix is maintained within the
auger stem to prevent any caving or necking of the surrounding soil which would result in a
reduction in cross sectional area of the pile. Steel reinforcement is than inserted into the grout
mix before it hardens. The details of the steel reinforcement will be developed by the project
structural engineer. Auger-cast pile construction requires an experienced foundation contractor
in addition to careful QA/QC observation and documentation provided by a knowledgeable
geotechnical engineer to assure satisfactory installation and long term performance.

Based on our understanding of the construction sequence we suggest that the yard piping
be constructed after to the placement of the pile system.
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7.2 Aeration Basin

We understand that the Aeration Basin is a reinforced concrete structure with a top of slab
elevation at approximately EL 23 ft msl. We understand that the footprint dimension of the Fine
Screenings building will be approximately 150 feet by 50 feet. The basin will have common
wall structures on all four sides; primary gallery to the east, blower and electrical buildings to the
north, membrane building gallery to the west and a gallery to the south that connects the primary
and membrane galleries.

7.2.1 Foundation System

In our opinion, the Aeration Basin may be founded on a slab foundation, provided the
foundation is on the gravel unit or crushed rock backfill placed on the native gravel. The top of
the gravel layer that was identified during the explorations at approximately El 18 to 20 ft msl.
We anticipate that the majority of the foundation excavation will encounter the gravel layer with
the exception of the eastern % of the excavation, which based on our explorations, falls in
elevation towards the east. Under the eastern % of the Aeration Basin foundation we recommend
that the any fine-grained material be removed to the gravel unit and replaced with a crushed rock
backfill material. The best estimate we can make for maximum over excavation is depth is
approximately 5 feet under the east wall of the basin. We recommend any crushed rock backfill
extend a minimum 3 feet beyond the edge of the foundation. Also, we recommend the crushed
rock backfill zone extend downward at the edges on a slope of 0.5 horizontal: 1 vertical or
flatter.

For a mat foundation resting on an adequately prepared native gravel subgrade we
recommend a maximum allowable bearing resistance of 7000 psf be used to support design live
and dead loads. A 30% increase in bearing resistance may be used during transient loading such
as wind and earthquake. For mat design, we recommend a maximum modulus of subgrade
reaction of 225 pei for a mat with 12-inch thick base rock layer or 275 pci for an 18-inch thick
base rock layer. Settlement estimates for the basin are less than 1-inch for total static settlement
and less than % for differential settlement.

7.2.2 TUnderdrain System

We understand that the Aeration Basin will have an underdrain system to protect from
uplift forces during periods of high ground water or flooding. We recommend that the under
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drain system be composed of 18-inches of clean crushed rock with a 6-inch-diameter perforated
pipe located at the mid-height of the drainage layer and placed on an interval of 20 feet laterally.
We understand the under drain system will be connected to pressure relief valves (flap valves) in
the walls of the structure. The working pad may be used for the underdrain system if it meets the
gradation required in the construction documents and is not contaminated by construction
activities. Partial replacement of the working pad material may be adequate depending of the
degree of contamination.

7.2.3 Seismic Performance

We do not anticipate any seismic issues related to liquefaction or bearing soil strength
loss for this structure. The seismic site class for the Aeration Basin is Site Class C.

7.2.4 Construction Considerations

We anticipate that the excavation for the Aeration Basin will be on the order of 25 to 30
feet deep. We understand that currently the preferred method of excavation is open cut with
sloped sides. The sides slopes of the excavation should be less than or equal to 1.5 horizontal to
1 vertical. Groundwater contro]l may be necessary during wet seasons of the year and for portions
of the excavation below elevation 18 ft msl. We also anticipate that there will be some incidental
groundwater flow into the excavation due to surface runoff, and limited perched water within the
bedded sands. In our opinion the ground water may be controlled by a contractor designed and
operated drainage collection and sump system.

We recommend that the entirety of the mat be underlain by a least 12” of angular crushed
rock that will function as a working pad, drainage collection layer and a leveling course. The
working mat gravel may be part of or in addition to material used for a permanent underdrain
system. The material should be free draining and placed in lifts and compacted (92% of ASTM
D1557).

7.3  Blower / Electrical Building

We understand that the Blower / Electrical (B/E) building will be common wall with the
Aeration basin on the south. The proposed top of slab elevation is approximately EL 50 ft msl.
The footprint dimensions of the structure is about 135 ft by 50 ft.

TRICITY GEOTECHDESIGNRPT/WP/DRH 24-1-3420-001
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7.3.1 Foundation System

We recommend that the interior slab of the B/E building be founded on a mat and the
walls be detached from the interior slab and be supported on auger-cast piles due to connection
with adjacent structures. We further recommend that the foundations for the blowers also be
detached from the interior slab. Based on our understanding of the excavation plan the footprint
of the B/E building will span between fully excavated and backfilled material (approximately 30
feet), on the south side of the building adjacent to the aeration basin, to existing soil with
approximately five feet of fill, along the north side of the building. Due to the significant
variation in subsurface conditions, and the fact that the south, east and west wall will be rigidly
attached to adjacent structures we recommend that the interior slabs be independent of the walls.

The auger-cast pile design capacity curves are presented in Figures 10 and 11 for axial
and lateral pile capacities, respectively. Refer to recommendations described for Fine Screenings
building (Sections 7.1.2) with regard to pile spacing and pile design guidelines.

A mat constructed without overexcavation would experience total static settlements on
the order of 3 inches. A mat foundation placed on a fully excavated and replaced subgrade
would experience static settlements of less than 1 inch and differential settlements of less than ’2
inch. For a mat foundation resting on crushed rock backfill we recommend a maximum
allowable bearing resistance of 3000 psf be used to support design live and dead loads. A 30%
increase in bearing resistance may be used during transient loading such as wind and earthquake.
For crushed rock backfill we recommend a maximum modulus of subgrade reaction of 275 pci.

7.3.2 Seismic Performance

We do not anticipate any seismic issues related to liquefaction or bearing soil strength
loss for this structure. The seismic site class for this structure is Site Class C.

7.3.3 Construction Considerations

We anticipate that the excavation for this structure will be part of the excavation for the
Aeration Basin and therefore excavations recommendations are the same. In addition, the
backfill for the overexcavation should be replaced in lifts and compacted to a specified density.
We recommend that the backfill placement be monitored and documented to assure satisfactory
installation. We anticipate construction of auger-cast piles similar to the Fine Screenings
building (see Section 7.1.3).
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7.4  Membrane Building

The Membrane Building(MBR) will be the largest of the Interim Expansion structures with a
footprint footprint of approximately 95 ft x 115 ft. The estimated top of slab elevation for the
MBR is E1 35 ft msl. MBR will be common wall with the membrane building gallery along the
full length of the east wall. We understand that in the future there will likely be buildings
immediately to the south and west. We understand that the MBR is very sensitive to excessive
differential settlement.

7.4.1 Foundation System

Based on the MBR’s sensitivity to differential settlement, the risk associated with seismic
hazards, we recommend that the MBR be founded on an auger-cast pile system. Our foundation
evaluation indicates that a mat foundation will experience static settlement on the order of 1.5 to
2 inches of total settlement and 0.5 to 1 inch of differential settlement. A pile supported
structure will experience only small amount of static elastic settlements and should perform well
during the design seismic event.

We recommend supporting the MBR on auger-cast piles. The auger-cast pile design
capacity curves are presented in Figures 12 and 13 for axial and lateral pile capacities,
respectively. Use recommendations described for Fine Screenings building (Sections 7.1.1) with
regard to pile spacing and pile design guidelines.

7.4.2 Seismic Performance

The soil beneath the membrane building is classified as a Site Class D. We anticipate
seismic performance similar to the Fine Screenings building (see Section 7.1.2).

7.4.3 Construction Considerations

We anticipate construction of auger-cast piles similar to the Fine Screenings building (see
Section 7.1.3). We currently understand that there will not be any yard piping under the MBR.

7.5  Standby Power Generation Building

Shannon & Wilson has not developed significant engineering recommendations for the Standby
Power (STP) building at this time. We do understand that the structure will likely be at the
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proposed finish grade of the site. The structure will be located just to the south of the existing
secondary clarifiers. The footprint dimensions of the structure is about 85 ft x 50 ft.

7.5.1 Foundation System

Currently it is anticipated that auger-cast piles will be required to support the STP
building. The auger-cast pile design capacity curves are presented in Figures 10 and 11 for axial
and lateral pile capacities, respectively. Use recommendations described for Fine Screenings
building (Sections 7.1.1) with regard to pile spacing and pile design guidelines.

7.5.2 Seismic Performance

We anticipate foundation performance similar to the Fine Screenings building (See
section 7.1.2). We estimate that lateral ground spreading toward the river at the STP location
will be less than 12-inches following the CSZ megathrust earthquake. In our opinion, a pile
supported structure will experience less movement than the ground around the building. Seismic
Site class is E.

7.5.3 Construction Considerations

We anticipate construction of auger-cast piles similar to the Fine Screenings building (see
Section 7.1.3).

7.6  Ultra Violet Disinfection / Chemical Handling and Storage Buildings

The Ultra Violet Disinfection (UV) and Chemical Handling (CH) and Storage Buildings will be
located at the southeast corner of the interim expansion site. We understand that the buildings
are structurally connected. The UV building is approximately 40 ft x 60 ft while the Chemical
Handling and Storage is 25 x 35 ft. Top of slab is for the UV building is E127 ft msl. The UV
Building will be serviced by a utilidor extending form the end of the primary gallery, and will in
the future, be attached to the primary gallery during a later expansion phase. Top of slab for the
Chemical Handling building will match the proposed finish grade (~El 50 ft).

7.6.1 Foundation System

The UV/CH building will be founded on auger-cast piles to minimize differential
settlement between the two different slab elevations. We understand that the UV portion of the
structure will be sensitive to differential settlements and auger cast piles will reduce both static
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and seismic differential settlements. The auger-cast pile design capacity curves are presented in
Figures 14 and 15 for axial capacities of UV and CH portions, respectively and in Figures 16 and
17 for lateral pile reaction for UV and CH portions, respectively. Use recommendations
described for Fine Screenings building (Sections 7.1.1) with regard to pile spacing and pile
design guidelines.

7.6.2 Seismic Performance

The soil beneath the UV/CH building is classified as a Site Class D. We anticipate
seismic performance similar to the Fine Screenings building (see Section 7.1.2).

7.6.3 Construction Considerations

We anticipate auger-cast pile construction for the UV portion of the building similar to
the Fine Screenings building (see Section 7.1.3). We anticipate that the entire footprint of the
UV/CH building will be excavated to subgrade elevation of the UV (deeper) portion of the
building. All of the auger-cast piles for the structure will be installed at that elevation. At an
appropriate time during construction, the piles for the CH portion of the building will be
extended upwards by using cast-in-place columns. We recommend that the backfill around the
columns be placed and compacted as required for backfill beneath other structures. Smaller
compaction equipment may be required in order to maneuver between the columns.

7.7 Lateral Earth Pressures

Three lateral earth pressure cases were investigated, drained static, drained seismic and static
flood condition. We developed the lateral earth pressures in terms of equivalent fluid pressures
for both yielding (flexible) and non-yielding (restrained) walls. The three lateral earth pressure
cases are bresented in Figures 18, 19 and 20,

7.8  Existing Aeration Basin

The proposed Interim Expansion design calls for an additional 5 feet of site fill to be placed
adjacent to the south wall of the existing Aeration Basin. We understand that based on an
analysis performed by the structural engineer that the lateral loads cannot be increased on the
existing structure. Therefore, we recommend the following course of action to reduce lateral
earth pressures on the existing wall.
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7.8.1 Light Weight Backfill

Shannon & Wilson recommends that the soil along the south wall of the basin be
removed to the top of the existing subdrain system (~ El 27 ft) and replaced with a combination
of expanded polystyrene geofoam and crushed rock backfill. The backfill profile should be
approximately 10 ft of geofoam covered by 13 ft of granular material/pavement section. Design
guidelines indicate that geofoam does not apply lateral earth pressure to a wall. We recommend
using EPS geofoam type IX (1.80 pef unit weight). A drainage layer, most likely a geosynthetic
wall drain, should be placed between the geofoam block and the basin wall. In order to avoid
using tiedowns to mitigate buoyant forces acting on the foam, the ratio of geofoam to soil
overburden is 1 to 1.

A lateral earth pressure diagram showing the configuration of forces acting on the
existing aeration basin wall is shown in Figure 21.

7.8.2 Construction Considerations

We understand that geofoam is typically manufactured and delivered in block form
(approximately 2°x2°x6°) and then placed by hand into the excavation. The excavation may
need to be performed in segments to avoid removing lateral support from the basin wall.
Excavation side slopes should be no steeper than 1.5 horizontal to 1 vertical. Before placing
geofoam blocks, a 6 inch thick bed of clean sand used as a level course needs to be placed. The
foam is typically placed in a pattern where each layer is placed at 90 degree angles to the layers
above and below.

When filling above the blocks, the first 12-inches of granular material should be pushed
out in front of a small bulldozer so that equipment does not operate directly on the geofoam. The
energy of compaction equipment should be limited to a maximum applied stress less than that of
the elastic limit stress of the foam material. The compaction method may need to be determined
experimentally in the field by compacting a test strip. Additionally, a nuclear densometer may
not provide accurate compaction measurements due to the chemical makeup of the foam. We
recommend that the density measurements be checked with a traditional soil compaction method

such as a sand cone test.
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7.9 Galleries

We understand that there will be three main underground galleries constructed during the interim
expansion. Two galleries, Primary and Membrane Building, will be oriented in the north-south
direction and will connect to existing plant galleries. A third gallery will connect the Primary
and Membrane galleries by traversing in an east-west orientation adjacent to the south wall of the
aeration basin.

7.9.1 Primary Gallery

We understand that the Primary Gallery will be connected to the existing gallery on the
north end and be common wall with the Aeration Basin and Fine Screenings building. In the
future the Primary Gallery will extend out to service the UV building, the current proposal is to
terminate it where it intersects the transverse Membrane building access gallery. We understand
that the proposed top of slab is E1 27 ft msl. Because the gallery will be attached to the adjacent
buildings, which will experience a small amount of static and seismically related settlement, we
recommend that the gallery be founded on auger-cast piles between the from the south
termination point and the location associated with the north end of the Fine Screenings building.

7.9.2 Membrane Building Gallery

We understand that the Membrane Building Gallery will be connected to an existing
gallery on the north end and be common wall with the Aeration Basin and Membrane building.
In the future the Primary Gallery will extend out to service future Aeration basins and MBR
basins, the current proposal is to terminate it where it intersects the transverse Membrane
building access gallery. We understand that the proposed top of slab is E1 27 ft msl. Because the
gallery will be attached to the adjacent buildings, which will experience a small amount of static
and seismically related settlement, we recommend that the gallery be founded on auger-cast piles
between the from the south termination point and the location associated with the north end of
the MBR basin.

7.9.3 Aeration Basin Gallery

We understand that the transverse gallery will connect the Primary gallery to the north
and the Membrane building on the south. The transverse gallery will be common wall to the
aeration basin to the north. In our opinion, the gallery should be supported by over excavating to
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the native gravel unit and replacement with engineered crushed rock backfill as described in
previous sections.

7.10 Pervious Pavement

New pavement and a portion of the existing pavement will be designed and constructed as
pervious pavements. The goal of the pavement is to capture precipitation, store it in a reservoir
layer and infiltrate the water into the subgrade. Based on the soil classifications, we developed
conceptual permeability constants for sections of pavement subgrade soils. We understand that
the final pavement design will be completed by others.

7.10.1 Subgrade Permeability

See Appendix C for the figure describing the estimated subgrade permeability zones.

7.10.2 Construction Considerations

To maintain the highest in-situ soil permeability, compaction of pavement subgrade should be
kept to the lowest practical effort.

7.11 Yard Piping

It appears that a large portion of the yard piping will be independent of the structural
foundations. Based on the current invert and location of yard piping we do not foresee any
special foundation considerations being required. We understand that all of the piping beneath
structures will be fully encased in concrete. We recommend that the full encasement be
extended past the footprint of buildings a distance of two times the distance between the bottom
of the slab and invert of the pipe.

8.0 LIMITATIONS

The observations, analyses, conclusions, and recommendations contained in this report are based
upon site conditions as they presently exist and further assume that the borings are representative
of subsurface conditions throughout the site, i.e., the subsurface conditions everywhere are not
significantly different from those disclosed by the field explorations.

If, during construction or future explorations, subsurface conditions different from those
encountered in the field explorations are observed, we should be advised at once so that we can
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review these conditions and reconsider our recommendations where necessary. If there is a
substantial lapse of time since the submission of this report or if conditions have changed due to
natural causes or construction operations at or adjacent to the site, it is recommended that this
report be reviewed to determine the applicability of these conclusions and recommendations,
considering the changed conditions and the elapsed time.

This report is prepared for the exclusive use of the Water Environment Services and MWH. It
should be made available to prospective contractors for information on factual data only, and not
as a warranty of subsurface conditions described in this report. Shannon & Wilson has prepared
the attached, “Important Information About Your Geotechnical Engineering Report,” to assist
you and others in understanding the use and limitations of our reports. This attachment is
presented in Appendix E of this report.

Please note that the scope of our services did not include any environmental assessment or
evaluation regarding the presence or absence of hazardous or toxic materials in the soil, surface
water, groundwater, or air, on or below or around the WPCP site.

Sincerely,

SHANNON & WILSON, INC.

Derrick Hayes Jerry L. Jacksha, PE
Engineering Staff Senior Associate

DRH/JLJ/drh

TRICITY GEOTECHDESIGNRPT/WP/DRH 24-1-3420-001
26



SHANNON &WILSON, INC,

9.0 REFRENCES
2006 International Building Code, January 2006, International Code Council, Inc, Section 1615

2007 Oregon Structural Specialty Code, January 2007, International Code Council, Inc, Section
1613, pp 407-414.

“Geotechnical Design Recommendations, Tri-City WPCP Liquids Expansion” by CH2M Hill,
Inc, 2002, prepared for the Tri-City Service District.

“Geotechnical Data Report, Tri-City WPCP Liquids Expansion” by CH2M Hill, Inc, 2002,
prepared for the Tri-City Service District.

“Soils Report, Tri-City Sewerage Treatment Plant” by CH2M Hill, Inc, 1982, prepared for the
Tri-City Service District.

“Seismic Vulnerability Assessment, Tri-City Wastewater Treatment Plant” by URS Corporation,
2002, prepared for Water Environment Services.

“Phase I and Phase II Environmental Site Assessment, Tax Lot 502" by URS Corporation, 2001,
prepared for Tri-City Service District.

“Remedial Action Work Plan, Unpermitted Rossman Landfill” by URS Corporation, 2000,
prepared for Tri-City Service District.

Frankel, A., Petersen, M., Mueller, C., Haller, K., Wheeler, R., Leyendecker, E., Wesson, R.,
Harmsen, S., Cramer, C., Perkins, D., and Rukstales, K., 2002, Documentation for the 2002
update of the national seismic hazard maps: U.S. Geological Survey Open-File Report 02-
420,39p

Kramer, Steven L. (1995), “Geotechnical Earthquake Engineering,” pp 487-496.

Oregon Department of Forestry, Oregon Latitude Longitude Locator, accessed 12, October 2007,
from ODF GIS website:

http://salemgis.odf state.or.us/scripts/esrimap.dil?name=locate&cmd=start
http://earthquakes.usgs.gov/regional/qfaults, accessed 12/04/2007 02:22 PM.

Seed, H.B., and Idriss, I.M., 1971, Simplified procedure for evaluating soil liquefaction potential
in Journal of the Soil Mechanics and Foundations Division, New York, American Society of
Civil Engineers, vol. 97, no. SM9, p. 1249-1273.

TRICITY GEOTECHDESIGNRPT/WP/DRH 24-1-3420-001
27



SHANNCON &WILSON, INC.

Seed, H.B., Idriss, L., and Arango, 1., 1983, Evaluation of liquefaction potential using field
performance data: Journal of Geotechnical Engineering, New York, American Society of
Civil Engineers, vol. 109, no. 3, p. 458-482,

Seed, R.B. and Harder, L.F., Jr. (1990), “SPT-Based Analysis of Cyclic Pore Pressure Generation
and Undrained Residual Strength,” H.B. Seed Memorial Symposium, J.M. Duncan, Editor,
Tech Publishers Ltd., Vancouver, Canada, Vol. 2, pp. 351-376.

Tokimatsu, K. and Seed, H.B., (1987), “Evaluation of Settlements in Sands Due to Earthquake
Shaking”, JGED, ASCE, Vol. 113, No. 8, pp. 861-878.

United States Geological Survey, 2002, Interactive deaggregation, accessed 22, October 2007,
from USGS Custom Mapping and Analysis Tools Website:
http://earthquake.usgs.gov/research/hazmaps/interactive/index.php

United States Geological Survey, 2006, Quaternary fault and fold database for the United States,
Accessed 25 October 2007, from USGS web site:
http//earthquakes.usgs.gov/regional/qfaults/.

United States Geological Survey Earthquake Ground Motion Tool, version 5.0.7, June 18, 2007.

Youd, L.T., L. M. Idriss, Ronald D. Andrus, Ignacio Arango, Gonzalo Castro, John T. Christian,
Richardo Dobry, W. D. Liam Finn, Leslie F. Harder Jr., Mary Ellen Hynes, Kenji Ishihara,
Joseph P. Koester, Sam S. C. Liao, William F. Marcuson III, Geoffrey R. Martin, James K.
Mitchell, Yoshiharu Moriwaki, Maurice S. Power, Peter K. Robertson, Raymond B. Seed,
and Kenneth H. Stokoe II, 2001, Liquefaction resistance of soils: Summary report from the
1996 NCEER and 1998 NCEER/NSF workshops on Evaluation of Liquefaction Resistance
of Soils in Journal of Geotechnical and Environmental Engineering, New York, American
Society of Civil Engineers, vol. 127, no. 10, p. 817-833, October..

Youd, L.T., Hansen, C. M., and Bartlett, S.F., 2002, Revised MLR equations for prediction of
lateral spread displacement, Journal of Geotechnical and Geoenvironmental Engineering,
American Society of Civil Engineers, vol. 128, no. 12, December, p. 1007-1017.

TRICITY GEOTECHDESIGNRPT/WP/DRH 24-1-3420-001
28



AL % -
.@L..J_ —_J| NS

Tri-City WPCP

Interim Expansion
0 1500 3000 Clackamas County, Oregon
| 1 ]
N
Scale in Feet VICINITY MAP
February 2008 24-1-03420-001
NOTE: Map from Delorme 3-D TopoQuads software. gﬂéﬁ.ﬁg!ﬂ .f;v.‘,f,!!n';ns.ﬁ?c"oasmﬁ; FIG. 1




RSO0 SIS PUP FEULS2I009

Z 914 *ON] ‘NOSTIM '? NONNVHS

100-02vE0-L-¥e 8002 Aey S
Li-g)
suopelojdx3 jo uejd

.\/
:.......I..r.....;.ﬂl ALH30¥d ALID NODIHO

.....

uoBalQ ‘Aluncy seweyoe|n
uoisuedx3 | aseyd
dddM Mgy

‘uogoalgpue e

uopead] uogag ssoi) aifioleen 1 v
286} HQWRNA o

pomua ‘séupog tH veHo S48 *

z-140)] |

2002 5
JsmBny peyg ‘sbuog 1 ety 1OV E

"2002 AN paig) ‘StaIaonaiad o
auos uosi g wouunys © LD @

"§002 PUE L00Z PARUQ
'stujiog uospm puouceys V8l ¥

NOLLYNV1dX3

e :
o ALUIdONd 3LVAN




ZP | s

SRR [RUARLUILALS PUR [P0

€'old "ON| ‘NOSTM 7 NONNVHS
100-02vE0-L-¥2 800z Aerugad
¢ 340¥d 1907039

uobBai ‘Ajunoy seweyoer)
uoisuedxg wuaju|
dDdM Auguy

{sanfeaN) SUNod Mo|q pjay pue Jejduies uocods 8100y pue saweq st 1 sjtos 3jqeyanby Ajjensiod

4 0¢C =.l 93
Joidwes pafem uiyy g 3NOLSLIS wibuays mo
(anjeaN) slunoo mojq piay pue (1ds) Jaidwes uoods Yids |«
Aiepunoq |os pajaxdisiu - -~ ANYS ANIS 2susp wnipaw o} asoot Alap
{oquiAs uoeoyisselD oS SOSN NS opserd-uou o) Ayouserd moj 11 7IS Apues o) 17[S YNS 0} Jos Asan Jo asooj AsaA

&l
i
TIAVHD Apues ssusp Aian of asusp wnie [T
L]
L]
L]

uogejuasaiday ajd 1sed Jebny D 171S Aiaaeio - 114

%230y 8seg UogepuUNo @

LIS aueBio =174 W
NOLLYNVY1dX3

w
o Flgure 3

[sw 3} ‘uojyeAelz

0=
6=
0l=
Gl=
0Z-=
GC-=
0e=
Ge=
o=
Giy—=
e
= 0 os,
et B S g S
aemg o01-9 s01-8 eol-g vol-8 1861 ‘WZHD
punag pasodaid o0z-g




]

ERIEETELOY) JELALAQIAL P JERADRIS0

€ "Old *ON| ‘NOSIIM ¥ NONNVHS
100-02vE0-L-v2 800z Aerugag
JE-¥ 3140¥d 19017039

uobaiQ ‘AQuno) sewexoe|)

uoisuedxg wuaj|
dOdm Auou) (SaneAN) SIUNCO MOJQ pidY pue Jajdwes uoods 500 pue SaWeq ot 1 spios sjqeyenby Ajengelod m
B 0C=.l 9B soidwes paemuyy g aNoLs1LIs wouass mo1 [ ]
(enjeaN) sjunoo molq play pue (1ds) jsidwes uoods wds 4 1 TI3AVYHO Apuesg asuap Aiaa 0] asuap WNIpayy u
Alepunog jlos pajesdiaiu] - +~ QNVS Alls esusp wnipaw o} asooj Aep ||
IQAS UOREOYSSEID I0S SOSN WS aBserd-uou o} Ayonseid moj : LIS Apues of LIS s 0} yos Kiaa Jo asoof Kiap [ |
uogejuesaidey ol 15e0 o6y ] L Areresn -1 [
%oy sseq uogepunoy B2 1usaweio-Tua [
NOILYNV1dX3
5
G- 005 oSy 00F 0se 00€ 0S¢ MIm-
0=
mlm =
oL= __
Gl-= | -
174
T A
0g-=
GE=
0=
Sv—= _ s
2 . HE
YUON ,0¢ Pue Yinos Sy parafoild  \nos 01 peidsfoid \nog Gy pejoefoid  YHON 0z peidefolg yinos ,S¢ paosfoid YUON .5z parafold 2 m.
2002 ISnBnY ‘M2S 200Z Ainr ‘meS 200z 3snbny ‘meS 2002 Aine ‘mes 20eyng 200Z ANt ‘MES 2002 Ainr ‘mBS =
£1dD Pue Z-1d9 el 1-1d2 eal punosg pesadasg za (B ]

Jsul j ‘'uopBAe|3




ZP Ly

QUETIO] EUNNO L (I PR30
¥ 'oOld “ON| ‘NOSTIM '? NONNVHS
100-0Z¥E0-L-+2 8002 Alienugay

Z-& FN40¥d JID907039

uabalQ ‘Quno) seweyoe|)
uotsuedxg wuau)
d3dm Aot

¥ 0C =.l 9e38

(sanjeaN) Sunod molq pisy pue Jajdwes uoods 2100\ pue SaWEeQ St 1

Jeidwes pajemuyl g

(anfeaN) sjunoo moiq pjay pue (1 4S) 18jdwes uoods Yds | 1

Aepunoq |los pajaudisju| - ~

10qWAS uogedysse|) 10S SOSN NS

uopejuesaiday ajid 1seD Jabiny E

%00y 9S8 UOREPUNOS m

siios aiqeyanby Afensiod
INOLSLIS Wbuass mo
JAAVYD Apues asuap AIaA 0} asuap wnpay

QANVS ANIS asuap wnjpaw o) asooj lap

afseyd-uou o} Ayogserd mo| 11 IS Apues 0] 1IS IS a} JJos A1aa o aso0] Aiap
17

1S ojuebuo -1

S AlleAeio - 114

BOO0OBEOE

NOLLYNV1dX3
bt L]
E
=
. - 002 0SL 00} 0 g
z 8 :
0= =0
G= =S
0L-= =0l
S1= =Gl
0z =0T
GZ-= Ex- 14
0e-= =o€
ge= =G¢
ob-: =ov
G- 14
m S8l €-1dD Lg:]] 2-1dD PUE }-1dD m
= 15e3 05 pejaajoiqy 159M .05 pe3dajouy yse3 0z psyoafoig
£00Z ¥15nBny ‘MBS 2002 Ainr ‘MeS 2861 ‘WZHD
14D el 818




Zp Ty

¥ 014 *ON| ‘NOSTIM % NONNVHS

100-02vE0-L+2 800¢ Aserugad

&4 INA0¥d 907039

uobauQ '‘Alunc) sewexoe;)
uoisuedx3 wuajuj
dOdM Ao-uL

3 0C = .l OedS

Japdwes pajem uiy L

(anjean) sjunco moiq pat pue (1 ds) Jstdwes uoods Jidg

Asepunogq |jos pajaidiaiu)
10GWAS uoedSselD 110S SOSN
uoyejuasalday ajid 1se) Jebny

%00y aseg uogepuno

(senjeAN) SJunoo mojg pay pue Jajdwes ucods a100py pue Saweq s¢ 1

o

LI

ns

slios ajqeyanby; Aeaiod

INOLSLS Yibuans mo]

13AVYHO Apues asuap Asaa 0] asuap wnipay

ANVS AljiS 9suap wn(paw o) as00] KA

ansetd-uou o} Ayogseld mo) : LIS Apues o} LIS Yiis 0} Yos A1aA Jo asaof Kiap

171S Aeaesn - 1114

OoUuEno

Lusowefio -Tud ||}
NOLLYNVdX3

G = =G
0= =0
g= R

olL= E]

GlL= =Gl

0Z-= =0¢

S¢-= T4

0e= =0¢

ggs Zce

ov= Zov

sv L L Jeaysepepsion | _ _ L - ald
186} ‘WZHD

-8

1 10ayg
v eInB|d o}

|sw Y ‘uopeas|3




Spectral Response Acceleration (g)

Site Response Spectra

080 — —— >
— Bedrock Acceleration
0.70 P A —&— Site Class C
/“ —&— Site Class D
3 Q —a—Slte Class E
= » .
0.60
0.50
0.40
0.30 -
S
0.20
0.10
0.00 .
0.0 0.2 04 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Period (sec)
Seismic Design Parameters
Site Classification B Cc D E
Return Period, yr IBC Design Values
PGA,g| 0.245 0.253 0277 | 0.244
Fs| 1.00 1.03 1.13 0.098
F, 1.00 1.48 1.75 2.7
Sps| 0.61 0.63 0.69 0.61
Sp| 0.22 0.32 0.38 0.58

Tri-City WPCP
Interim Expansion
Clackamas County, Oregon

CODE BASED RESPONSE SPECTRA

February 2008 24-1-03420-002

SHANNON & WILSON, INC. FIG. 5

Geotechnicel and Environmental Consullants
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TOTAL STATIC LATERAL PRESSURES (WALL

DRAINED OR G.W.T. BELOW WALL)

EXISTING
SURCHARGE, g GROUND SURFACE
/ TOTAL LATERAL EQUIVALENT FLUID PRESSURES
BAQKHLL_: :é;‘f:‘LECT
NATIVE MATERIAL
+
“E[I_jm_m
— SOIL AND WATER SURCHARGE
BACKFILL COMPONENT COMPONENT

NON-YIELDING SOIL AND WATER COMPONENT  YIELDING SOIL AND WATER COMPONENT

P,= [PRESSURE VALUE*] x

__ RESULTANT FORGE (P)
WH

I 55H* I

NON-YIELDING SURCHARGE COMPONENT

P,= [PRESSURE VALUE"] x

RESULTANT FORCE (P )

% H

[

Note:

1. Values are for Equivalent Fluid Pressures.

2. No groundwater influence was incorporated into
the soil backfill components.

3. Assume groundwater is below the wall or is
drained into basins by PRV's or collected in an
underdrain system and pumped to a storm
drain or a "daylight" location above the 100 yr
flood level.

P.=[PRESSURE VALUE*] x g

- RESULTANT FORCE (P)
W%H

|

YIELDING SURCHARGE COMPONENT

P,= [PRESSURE VALUE"] x
RESULTANT FORCE (P
WBH
I .32q |
Tri-City WPCP

Interim Expansion
Clackamas County, Oregon

STATIC DRAINED LATERAL
PRESSURE

DISTRIBUTION ON WALLS

February 2008 24-1-03420-002

SHANNON & WILSON, INC. FIG. 18

Geotechnleal and Environmental Consullanis




TOTAL SEISMIC LATERAL PRESSURE

BACKFILL: SELECT
NATIVE MATERIAL

40H

SOIL BACKFILL
COMPONENT

YIELDING SOIL AND WATER COMPONENT

RESULTANT FORCE (P,)

| 40H* I

SEISMIC BACKFILL COMPONENT
zom]

RESULTANT FORCE (P.)

06H P = [PRESSURE VALUE']x

Note:

1. Values are for Equivalent Fluid Pressures.

2. Groundwater influence was incorporated into
the soil backfill components.

3. Assume groundwater is at annual high during
earthquake event (elevation 18).

20H

SEISMIC
BACKFILL
COMPONENT

%H P,= [PRESSURE VALUE"] x g

Tri-City WPCP
Interim Expansion
Clackamas County, Oregon

SEISMIC LATERAL PRESSURE
DISTRIBUTION ON WALLS

February 2008 24-1-03420-002

SHANNON & WILSON, INC. FIG. 19

Geotechnical and Environmental Consuitants




TOTAL STATIC LATERAL PRESSURES (100 YR FLOOD)

EXISTING
= GROUND SURFACE

TOTAL LATERAL EQUIVALENT FLUID PRESSURES

SURCHARGE, g

——
BACKFILL: SELECT
NATIVE MATERIAL
+
I SOIL AND WATER SURCHARGE
BACKFILL COMPONENT COMPONENT

NON-YIELDING SOIL AND WATER COMPONENT  YIELDING SOIL AND WATER COMPONENT

P,= [PRESSURE VALUE*] x g P,= [PRESSURE VALUE*] x g
_ RESULTANT FORCE (P) -~ RESULTANT FORCE (P)
%H % H

g0 =501

NON-YIELDING SURCHARGE COMPONENT YIELDING SURCHARGE COMPONENT
P.= [PRESSURE VALUE*] x g P.= [PRESSURE VALUE*] x g
RESULTANT FORCE (P) RESULTANT FORCE (P)
% H %H
| 47q I | 32q

Tri-City WPCP

Note: Interim Expansion

1. Values are for Equivalent Fluid Pressures. Clackamas County, Oregon

2.  Groundwater influence was incorporated into :

the soil backfill components. STATIC (100YR FLOOD) LATERAL
3. Assume groundwater is at 100 yr flood elevation PRESSURE

for static design (elevation 48.5 ft).

DISTRIBUTION ON WALLS
February 2008 24-1-03420-002

SHANNON & WILSON, INC. FIG. 20

Geotechnlcal and Enviranmental Consultants
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APPENDIX A

S&W FIELD EXPLORATIONS

A.1 GENERAL

Shannon & Wilson planned and executed a subsurface exploration program to characterize the
subsurface conditions at the WPCP project site. The program consisted of three individual
exploration Stages. Stage One efforts focused on developing a general subsurface model across
the project site. Stage Two explorations were specifically directed at refining a subsurface
anomaly that was detected during the Stage One explorations. Stage Three explorations focused
on gathering specific subsurface data that is required for the facility design. The locations of
S&W?’s explorations, in addition to locations of pertinent previous subsurface explorations, are
illustrated on Figure 2. The relative locations of S&W explorations were established by the use
of field methods, including hand taping and laser range finding to known on-site features. The
locations of S&W’s explorations should be considered approximate. Table 2, below, describes
the drilling method and depth below ground surface for all stages of S&W’s subsurface
explorations.

TABLE Al
Exploration Hole Details
l;oring Boring Type Nearest Structu.re to Boring n -
abel Location Depth, ft Approximate
Elevation, ft MSL
IB-1 Mud Rotary Aeration Basin 31.5 13
IB-2 Mud Rotary Blower/electrical 315 13 N
IB-3 Mud Rotary Primary Gallery 315 13
IB-4 Mud Rotary Fine Screening 46.5 -1
IB-5 Mud Rotary Fine Screening/UV 30.6 14
IB-6 Mud Rotary Future Digester 515 -6
IB-7 Mud Rotary Future Digester 51.5 -6
IB-8 Mud Rotary UV Building 26.5 18 N
IB-9 Mud Rotary UV Building 342 11
IB-10 Mud Rotary West of Plant 40.2 10
IB-11 Hollow Stem Auger West of Plant 46.5 -6
IB-12 Hollow Stem Auger Retention Basin 315 16
IB-13 Hollow Stem Auger Retention Basin 17 29
Appendix A Doc.doc

24-1-3420-001



CPT-1 Electric Cone Penetrometer | Primary Gallery 27.72 17
CPT-2 Electric Cone Penetrometer | Fine Screening 29.04 16
CPT-3 Electric Cone Penetrometer | Fine Screening 19.69 25
CPT-4 Electric Cone Penetrometer | Primary Gallery 33.14 12

Stage one and stage three subsurface explorations were performed by a drilling subcontractor
hired by Shannon and Wilson. The subcontractor was Hardcore Drilling, Inc., of Dundee
Oregon. Each of the borings were advanced using a truck-mounted CME-75 drill rig utilizing
mud rotary drilling or hollow stem auger techniques. The drilling operations were directed by a
representative from Shannon & Wilson who also logged the subsurface conditions during drilling
and the logged and classified the soil samples that were collected during the operation. Soil
sampling was performed using a standard split spoon sampler, Dames and Moore split spoon
sampler and thin-walled Shelby tube sampler. Samples were sealed in containers and returned to
our laboratory for further classification and index testing.

Stage One explorations, completed on the dates July 23 through July 26", 2007, consisted of
seven mud rotary borings to depths ranging from 30 to 51.5 feet below the ground surface. Five
borings, labeled IB-1 through IB-5, were located near of the Phase One Plant Expansion on the
south side of the existing WPCP. Two borings, label IB-6 and IB-7, were located near the
proposed digesters on the northwest corner of the WPCP site. A standpipe piezometer was
installed in IB-6

Stage two explorations consisted of pushing four (CPT-1 through CPT-4) electric cone
penetrometer test (CPT) holes on the August 14™ 2007. The work was performed by Vandehey
Exploration, Inc. of Banks Oregon, who was a subcontractor to S&W. The CPT test holes were
pushed to depths between 20 and 33 feet. The CPT probes were advanced to locate the top of the
gravel layer near the Fine Screening Building. The CPT probes were stopped where they
reached a refusal pushing force. No samples are collected during CPT exploration. The CPT
logs provide a continuous record of soil resistance which includes tip resistance and side friction.
Estimates of soil properties/classification can be made based on published correlations between
tip and skin resistance. The estimated soil properties are based on analyses performed using
published correlations and equations. The method used for estimating the properties listed above
are:

Appendix A Doc.doc
24-1-3420-001
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a. Uncorrected N-Value (Ngo) based on Robertson & Campanella. This Correlation of CPT
data to ASTM International 1586 N-Value is interpretive and should not be considered
factual or used as data on this project.

b. Soil Behavior Type based on University of British Columbia-1983. This correlation is
interpretive, and should not be considered the actual soil type according to ASTM
D2488.

Some of the logs have no data in the upper five feet of soil because the holes had to be predrilled
to advance the CPT through the gravelly fill material.

Stage Three explorations consisted of six borings (IB-8 through IB-13), ranging in depth form 17
to 46.5 feet, and completed during the dates February 25™ through February 27™ 2008. Boring
IB-8 and IB-9 were drilled near the proposed UV disinfection building and advanced to the top
of the dense gravel layer. Borings IB-10 and IB-11 were drilled on the west side of the aid in the
characterization of subsurface materials between the plant and the river. Borings IB-12 and IB-
13 were drilled near the footprint of the proposed storm water retention basin. Standpipe
piezometers were installed in borings IB-12 and IB-13. In-situ infiltration (permeability) tests

were performed on boring IB-12 and IB-13, see Appendix C for detailed description of the in-
situ testing.

Logs of the current exploration program are contained in this Appendix. For reference, boring
logs from previous reports in the plant area are contained in Appendix D.

Appendix A Doc.doc
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Shannon & Wilson, Inc. (S&W), uses a soil
classification system modified from the Unified Soil
Classification System (USCS). Elements of the
USCS and other definitions are provided on this
and the following page. Soil descriptions are
based on visual-manual procedures (ASTM D
2488-93) unless otherwise noted.

S&W CLASSIFICATION
OF SOIL CONSTITUENTS

MAJOR constituents compose more than 50 J
percent, by weight, of the soil. Major consituent
are capitalized (i.e., SAND).

Modifying (secondary) constituents compose 30
to 45 percent of the soil (i.e. sandy, silty, etc).

Minor constituents compose 12 to 50 percent
of the soil and precede the major constituents
(i.e., silty SAND). Minor constituents preceded
by "slightly" compose 5 to 12 percent of the sail
(i.e., slightly silty SAND).

Trace constituents compose 5 percent of the soil
{i.e., slightly silty SAND, trace of gravel).

Dual symbols apply to coarse grained soils with
10 percent fines.

MOISTURE CONTENT DEFINITIONS

GRAIN SIZE DEFINITION

DESCRIPTION SIEVE NUMBER AND/OR SIZE

FINES < #200 (0.08 mm)
SAND*

- Fine #200 to #40 (0.08 to 0.4 mm)

- Medium #40 to #10 (0.4 to 2 mm)

- Coarse #10 to #4 (2 to 5 mm)
GRAVEL*

- Fine #4 to 3/4 inch (5 to 19 mm)

- Coarse 3/4 to 3 inches (19 to 76 mm)
COBBLES 3 to 12 inches (76 to 305 mm)
BOULDERS > 12 inches (305 mm)

* Unless otherwise noted, sand and gravel, when
present, range from fine to coarse in grain size.

RELATIVE DENSITY / CONSISTENCY

Dry  Absence of moisture, dusty, dry
to the touch

COARSE-GRAINED SOILS FINE-GRAINED SOILS
N, SPT, RELATIVE N, SPT, RELATIVE
BLOWS/FT. DENSITY BLOWS/FT. CONSISTENCY
0-4 Very loose Under 2 Very soft
4-10 Loose 2-4 Soft
10-30 Medium dense 4-8 Medium stiff
30-50 Dense 8-15 Stiff
Over 50 Very dense 16-30 Very stiff
Over 30 Hard
WELL AND OTHER SYMBOLS

Moist  Damp but no visible water
Wet  Visible free water, from below
water table
ABBREVIATIONS

m—

BORING CLASS1 TRI-CITY WWTP.GPJ SWNEW.GDT 8/7/08

ATD At Time of Drilling
Elev. Elevation

ft  feet
FeO  lron Oxide
MgO  Magnesium Oxide
HSA  Hollow Stem Auger
ID Inside Diameter
in inches
los pounds

Mon. Monument cover
N Blows for last two 6-inch increments
NA  Not applicable or not available
NP  Non plastic
OD  Outside diameter
OVA  Organic vapor analyzer
PID Photo-ionization detector
ppm  parts per million
PVC  Polyvinyl Chloride
S8 Split spoon sampler
SPT Standard penetration test
USC  Unified soil classification
WLl  Water level indicator

Bent. Cement Grout
Bentonite Grout
Bentonite Chips
Silica Sand

PVC Screen

Vibrating Wire

Surface Cement
Seal

P! Asphalt or Cap
Slough
m Bedrock

B F

Tri-City WPCP
Phase 1 Expansion
Clackamas County, Oregon

May 2008

SOIL CLASSIFICATION
AND LOG KEY

24-1-03420-001

SHANNON & WILSON, INC.

Geotechnical and Enviranmental Cansultants

FIG. A1

Sheet 1 of 2




BORING CLASS2 TRI-CITY WWTP.GPJ SWNEW.GDOT 8/7/08

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)
(From ASTM D 2487-98 & 2488-93)
MAJOR DIVISIONS D g TYPICAL DESCRIPTION
o
ow bW q MekAEResS fras orveleend
Clean Gravel : bl ‘ .
less than 5%
ool | T | oo [ Py guigmet gmetans
(more than 50% () Oq ¥
of coarse frarﬁg'on Thdh N
”"””2,%3;} 4 o GM 1’ A Siity gravel, gravel-sand-silt mixtures
Gravel with Fines r& LA
5 (morerthar)v 12% g_._
COARSE- nes, GC g Clayey gravel, gravel-sand-clay mixtures|
GRAINED SOIL e «
{more than 50% SRR ]
retained on No. sw [ Werll—graded sand, gravelly sand, little or
200 sieve) Clean Sand e
(fess than 5%
fines) Poorly graded sand, gravelly sand, little
Sand sP or nofines
(50% or more of
coarse fraction
Passege!:'e No. 4 Sand with SM Silty sand, sand-silt mixtures
©) Fines
(more than 12%
fines) sC Clayey sand, sand-clay mixtures
Inorganic silt of low to medium ﬁarasucity,
ML rock flour, sandy sill, gravelly silt, or
clayey sill with slight plastrd?y
Inorganic
Silt and Clay = 0 tnorganic day of low to medium
{liquic Hm-‘tjn‘ess CL &'2? city, gravelly clay, sandy clay, silty
than 50|
2 ; Organic silt and organic silty clay of low
FINE-GRAINED Organic oL {fibl[h} Organic: g y clay
{50% or more bt
passes lhe No. 'l Inorganic silt, micaceous or
200 sieve) MH (][] digtci'ma%:ous fine sand or silty soils,
f elastic si
Inarganic 5
Silt and Clay 7 ; . )
(liquid limit 50 or CH // g}gé‘ﬂ?;{{? clay or medium to high
more)
f Organic clay of medium to high
Organic OH / pla%ﬁdty, gryganic silt g
HIGHLY- Primarily organic matter, dark in PT I s+ o4 Peal humus, swamp soils with hi2q7h
ORGANIC SOIL color, and organic odor ., ., | organic content (see ASTM D 4427)

NOTE: No. 4 size = 5 mm; No. 200 size = 0.075 mm

Tri-City WPCP
Phase 1 Expansion

Mo Clackamas County, Oregon

1. Dual symbols (symbols separated by a hyphen, i.e., SP-SM, slightly silty
fine SAND) are used for soils with between 5% and 10% fines or when

the liquid limit and plasticity index values plot in the CL-ML area of the SOIL CLASSIFICATION
plasticity chart, AND LOG KEY

2. Borderline symhols (symbols separated by a slash, i.e., CLUML, silty e 5
CLAY/layey SILT; GW/SW, sandy GRAVEL/gravelly SAND) indicate May 2008 24-1-03420-001

that the soil may fall into one of two possible basic groups. SHANNON & WILSON. INC FIG A1
N . )

Geotechnical and Environmental Consultants
Sheet 2 of 2




Total Depth: 31.51. Northing: ~ Drilling Method: Mud Rotary Hole Diam.: 5in.
Top Elevation: 451t Easting: ~ Drilling Company: Hardcore Drilling Rod Type: NWJ
Vert. Datum: Station: = Drill Rig Equipment: _CME-75 Hammer Type: Automatic
Horiz. Datum: Offset: = Other Comments:
SOIL DESCRIPTION Elev.| © 2 - . & |PENETRATION RESISTANCE,N (blowsif)
Refer to the report text for a proper understanding of the D h o g S8 £ |a Hammerwt & Drop: _ 140 lbs /30 inches
subsurface materials and driling methods. The stratification ept ; £ o8 & -
lines indicated below represent the approximate baundaries ft) | & 5 0] = 8
between soil types, and the iransitions may be gradual. 0 20 50 80 100
SILT; with organics. (ML)
FILL 43 |
ISttt e A s e e L d -1 20 [
Gravelly SILT with cobbles (ML)
D £
40 | [§ 5
Soft to medium stiff brown SILT to SILT with 5.0 3-1]: _
sand; moist, non- to low plasticity, fine sand, R f ;
micaceous. (ML) i
) . 10 ® ¢
Grades to sandy SILT, moist, non-plastic at 10 S_ZI a,
ft.
ALLUVIUM
) ; . 15 @
Grades to SILT with sand, moist, non-plastic at 5_3I
15 ft. .]
i
i i A
Grades to wet, low plasticity at 20 ft. 5_4I 208 ® ;
________________________ 23 4 3 1
Brown silty SAND. (SM) 220 Ly B e
21 [LpL gé R
ol Dense to very densz dark grey sandy GRAVEL 240 8.8 2 25 Bt
‘fg‘- with silt; moist, non-plastic, fine to coarse sand i s.s:[ a
=l and gravel, rounded gravel. (GP-GM) o SEIESERE
3 ALLUVIUM A Fma
$ 30 i ok
13.5 S'SI SLEE 8
Bottom of Boring - 24 July 2007 815
3 £
< 35
&
-d
il
0 20 40 60 80 100
g LEGEND e
*  Sample Not Recovered ¥ Ground Water Level o OA’ Fines (<0.075mm)
8] T 250D Spiit Spoon Sample ® % Water Content
_1| Plastic Limit |—@— Liquid Limit
Z Natural Water Content
g} Tri-City WPCP
g Phase 1 Expansion
% Clackamas County, Oregon
[ NOTES
ol . . -
= 1. Refer to KEY for exPl'anz.itlon of symbo-ls. codes, abbrewaflons and definitions. LOG OF BORING IB'1
: 2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classificati d selected lab
§ testing. esignation Is pase k2] 10N and selecie May 2008 24_1_03420-001
o 4. The hole location and elevation should be considered approximate.
EI SHANNON & WILSON, INC. | E|G. A2
-4 Geotechnical and Enviranmental Consultants .
=




Typ: ECP

Rev: DRH

Log: AAH

MASTER LOG E TRI-CITY WWTP.GPJ SHAN WIL.GDT 8/7/08

Total Depth: 3151 Northing: = Drilling Method: Mud Rotary Hole Diam.: 5in.
Top Elevation: 451t Easting: = Drilling Company: Hardcore Drilling Rod Type: NWJ
Vert. Datum: Station; - Drilt Rig Equipment: _ CME-75 Hammer Type: Automatic
Horiz. Datum: Offset: ~ Other Comments:
SOIL DESCRIPTION Eev|B| 8 o . & |PENETRATION RESISTANCE,N (blows/ft)
Refer to the report text for a proper understanding of the D ti\ Q| B 58 £ | A& Hammer Wt. & Drop: __140 Ibs /.30 inches
subsurface materials and driling methods. The stralification epthl E| £ 88 & -
lines indicated below represent the approximate boundaries #®)| @o| © 0] = 8
belween soil lypes, and the transitions may be gradual. w 0 20 40 60 20 100
SILT; with organics. (ML)
. FILL | |l
B ol e e e 2.0
Gravelly SILT with cobbles. (ML) 1 r
P P
40 |[K 5 &
Medium stiff to stiff brown SILT; moist, non- to 5.0 3_1I {I
low plasticity, micaceous, scattered iron staining 1?
at 5 ft. (ML) i
. 1; g
1
Grades to trace coarse sand. s-z:[ 0 i ﬁ |
ALLUVIUM - h{
, - 15 [+ -+
Grades to trace fine sand, medium plasticity. 5.32{ 1] -&:m, !E:
2
_________________________ 25 a 20 ...\
Loose brown sandy SILT to silty SAND; moistto | 200 L)1
wet, non-plastic, fine sand, micaceous. (ML/SM) A Py 2
Y 82 i
A ) 5 FiEREssa ot
205 |’k £ S
Medium dense to very dense dark grey sandy 24.5 o =1 25 Elikigg>
| GRAVEL. (GP) s jescaiit
ALLUVIUM ji
30 L]
135 | AT
- : B
Bottom of Boring - 23 July 2007 S
35
0 20 40 60 80 100
LEGEND o o
Sample Not Recovered ¥  Ground Water Level © % Fines (<0.075mm)

2.5" OD Split Spoon Sample
3.25" 0.D. Split Spoan Sample
3.0" O.D. Osterberg Sample

S «

NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2. Groundwater level, if indicated above, is for the date specified and may vary.

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

4, The hole locstion and elevation should be considered approximate.

@® % Water Content
Plastic Limit —@—] Liquid Limit

Natural Water Content

Tri-City WPCP

Phase 1 Expansion
Clackamas County, Oregon

LOG OF BORING IB-2

May 2008

24-1-03420-001

SHANNON & WILSON, INC.

Geotechnical and Enviranmental Consultants

FIG. A3




Rev: DRH Typ: ECP

Log. AAH

Total Depth: 31.51 Northing: ~ Drilling Method: Mud Rotary Hole Diam.: 5in.
Top Elevation: 451t Easting: ~ Drilling Company: Hardcore Drifling Rad Type: N
Vert. Datum: Station: = Drill Rig Equipment: _ CME-75 Hammer Type: Automatic
Horiz. Datum: Offset: = Other Comments:
SOIL DESCRIPTION Eev.| o & o . & |PENETRATION RESISTANCE,N  (blows/tt)
Refer to the report tex! for a proper understanding of the D h Q| a 58 < | A Hammer W& Drop: _ 140 lbs /30 inches
subsurface materials and drilling methods. The stratification ept ; E o8 @4 —————————
lines indicated below represent the approximate boundaries ) | o " (0] s 2
belween soil lypes, and the Iransifions may be gradual. 0 20 40 50 80 100
Dark brown SILT; moist,with organics. (ML)
435
N Fbo o1 15
. _Gravelly SILT with cobbles. (ML) - 34.% i
Stiff brown SILT; moist, medium plasticity,
micaceous, scattered iron oxide stains at 5 ft. I 5
-1 |
(ML)
Grades to soft at 10 ft sa | i 4 i
ALLUVIUM
15 ¥
Grades ta very soft to soft at 15 ft. 3_3:|: g.
: . 2l ®
S—4:|:
. . 25
Grades to soft to medium stiff at 25 ft. 3_5:|:a AL
4 1N
Grades to with sand at 28 ft. v4 B
y %
_________________________ 14.8 BRE g 30 8
i - i i 30.2 [--'|-p-6A T A
Very loose brown silty SAND; wet, non-plastic, 11 Gy GBI S k7
\ﬁne sand. (SM) / :gg .§
Very dense dark grey sandy GRAVEL with silt; 315 i
wet, non-plastic, fine to coarse sand and gravel.
(GP-GM) 35
ALLUVIUM
Bottom of Boring - 24 July 2007
0 20 40 60 80 100
LEGEND
*  Sample Not Recovered ¥  Ground Water Level
T 25" OD Split Spoon Sample
Plastic Limit |——@®—] Liquid Limit
Natural Water Content
Tri-City WPCP
Phase 1 Expansion
Clackamas County, Oregon
NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions. LOG OF BORING IB'3

2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab

testing. May 2008 24-1-03420-001
4. The hole location and elevation should be considered approximate. SHAN,NON &.WlLSON, INC. FlG A4
G .

technical and Er | Caorsultants

MASTER LOG E TRI-CITY WWTP.GPJ SHAN WIL.GDT B/7/08




Rev: DRH Typ: ECP

Log: AAH

MASTER LOG E TRI-CITY WWTP.GPJ SHAN WIL GDT_8/7/08

Total Depth: 46.5 ft. Northing: = Drilling Method: Mud Rolary Hole Diam.: 5in.

Top Elevation: 45 ft. Easting: - Drilling Company: Hardcore Drilling Red Type: NWJ
Vert. Datum: Station: ~ Drill Rig Equipment: _ CME-75 Hammer Type: Automatic
Horiz. Datum: Offset: w~ Other Comments:
SOIL DESCRIPTION Eev|a| 8 » . & |PENETRATION RESISTANCE,N  (blows/it)
Refer to the report text for a proper understanding of the D tﬁ Qi 5 5e £ | A Hammer W, & Drop: Ibs /_inches
subsurface materials and drilling methods. The stralification epthl €1 € o8 @ 140 bs /30 inches
lines indicated below represent the approximate boundaries )| & S |lo = 3 SYILIneNESs
bebtween soil types, and the Iransitions may be gradual. 0 20 40 A0 g 100
Gravelly SILT to silty GRAVEL. (ML/GM) °l [
b
=]
FILL A
_________________________ 40 19 5 {.
Stiff to very stiff dark grey SILT; trace gravel, 35505 5_1I
—\ maist, low plasticity. (ML) /1 &5 [T
Medium stiff brown stratified SILT with sand to y
sandy SILT; moist, non- to low plasticity, fine
sand, micaceous. (ML) I 10
§-2
¥
Grades to very soft at 15 ft. o3 15 z—-’
. 3 i
54 ‘ i
v | ;
ALLUVIUM S_SI 2 2r h
z [
2
£
25 L
S-GI A
Q
Grades to trace sand at 30 ft. S.7I %0 e
i
[~ "Very loose grey and brown silty SAND: wet, -
non-plastic, fine sand. (SM) A
3 ]
Sandy silty GRAVEL. (GM) N |
ALLUVIUM M |
CONTINUED NEXT SHEET T"f“
0 20 40 60 80 100
LEGEND % Fi
*  Sample Not Recovered ¥  Ground Water Level N OA’ INES (<0.076mm)
T 25"0D split Spoon Sample Plasii L'. 'tA) Water Conl_t'entj e
" astic Limit —@—] Liquid Limi
@ 3.0"0D. Osterberg Sample Natural Water Content
Tri-City WPCP
| Phase 1 Expansion
Clackamas County, Oregon
NOTES
! 1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions. LOG oF BORING |B _4

2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab

testing. May 2008 24-1-03420-001

4. The hole location and elevation should be considered approximate.
SHANNON & WILSON, INC. | FIG. A5
Geotechnical and Ei tal Consultants Sheet 1 of 2
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1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2. Groundwater level, if indicated above, is for the date specified and may vary.

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

4, The hole location and elevation should be considered approximate.

LOG OF BORING IB4

May 2008 24-1-03420-001

SHANNON & WILSON, INC.

Geotechnical and Enviranmental Consullants

FIG. A5

Sheet 2 of 2

Total Depth: 46.5 1t Northing: ~ Drilling Method: Mud Rotary Hole Diam.: 5in.
Top Elevation: 45 ft. Easting: ~ Drilling Company: Hardcore Drilling Rod Type: Ny
Vert. Datum: Station: N Drill Rig Equipment: _CME-75 Hammer Type: Automatic
Horiz. Datum: Offset: = Other Comments:
SOIL DESCRIPTION Eev.| B . o . & |PENETRATION RESISTANCE,N  (blowsitt)
Refer io the report text for a proper understanding of the D el & S22 £ |a Hammerw. & Drop: Ibs / inches
subsurface materials and driling methods. The stratification epth E £ 68 17 1bs /301
lines indicated below represent the approximate boundaries f) | @ 3 o = 2 140 Ibs / 30 inches
between soil types, and the transitions may be gradual. 0 20 40 40 80 100
SILTSTONE: very low strength, grey, fresh, s_g_l_ N
massive. 43
TSTONE
SILTSTO 45
== s-1nI 4%,
Bottom of Boring - 24 July 2007 46.5
50
55
60
o
't?'_ 65
=
&
o
i
x 70
- %
; 75
3| 0 20 40 60 80 100
S LEGEND o
= *  Sample Not Recovered ¥ Ground Water Level o 0/° Fines (<0.075mm)
81 I 25" 0D Split Spoon Sample . . % Water Cont_en.t o
s| @ 3.0°0D. Osterberg Sample Plastic L;\I”;':urmngﬁ;“d Limit
4
L
% Tri-City WPCP
& Phase 1 Expansion
g Clackamas County, Oregon
E NOTES
2
&
w
o)
S
o
w
@
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Rev:ORH Typ: ECP

Log: AAH

MASTER LOG E TRI-CITY WWTP.GPJ SHAN WIL.GDT B/7/08

Total Depth: 30.6 ft. Northing: ~ Drilling Method: Mud Rotary Hole Diam.: Sin.
Top Elevation: 451t Easting: ~ Drilling Company: Hardgore Drilling Rod Type: Ny
Vert. Datum: Station: ~ Drill Rig Equipment; _ CME-75 Hammer Type: Automatic
Horiz. Datum: Offset: ~ Qther Comments:
SOIL DESCRIPTION Elev.| B A v . & |[PENETRATION RESISTANCE,N (blowsit)
Refer to the repart text for a proper understanding of the Deothl €| & 52 £ | A HammerW. & Drop: _140 bs/30 inches
subsurface materials and diling methads. The stratificaton  |DEPt| E | £ | 68 g
lines indicated below represent the approximate boundaries ft) | ¢ & 0] = K]
belween soil types, and the transitions may be gradual. 0 20 40 60 a0 100
Silty GRAVEL to gravelly SILT. (ML/GM) i [
FILL 1
&
| S
41 ||
Stiff brown SILT; moist, non- to low plasticity, 4.0 .
micaceous. (ML) 5-1I L
yf;
. . 10 4
Grades to soft to medium stiff at 10 ft. S.ZI j d
15
ALLUVIUM t‘
Medium dense brown SAND with silt to silty 20 & 4
SAND; moist, non-plastic, fine to medium i
angular to subangular sand. (SP-SM/SM) é’
IEHH
25 2 i
Very dense dark grey sandy silty GRAVEL; wet, kLI H §
non-plastic, fine to coarse subrounded to
rounded gravel, fine to coarse sand. (GM)
ALLUVIUM
30 1:10]
Battom of Boring - 25 July 2007
35
LEGEND 0 20 40 60 80 100
LEGEND A
I. Sample Not Recovered 2 02 C\Ilr::r%%?_;:?r)
2.5" OD Split Spoon Sample
i Shelby Tuge ngple Porﬁand Test Pit Plastic Limit —@— Liquid Limit
Log Natural Water Content
Tr-City WPCP
Phase 1 Expansion
Clackamas County, Oregon
NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions. LOG OF BORING IB_5
2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based isual | classificati d selected lab
(esﬂng. esignation Is based on visual-manual classification and selected lal May 2008 24_1-03420_001
4. The hole location and elevation shouid be considered approximate.
| SHANNON & WILSON.INC. | G, Ag




Total Depth: 5151 Northing: ~ Drilling Methed: Mud Rotary Hole Diam.: 6in.
Top Elevation: 45 ft. Easting: ~ Drilling Campany: Hardcore Dnlling Rod Type: NWJ
Vert. Datum: Station: = Drill Rig Equipment: _ CME-75 Hammer Type: Automatic
Horiz. Datum: Offset: ~ Other Comments:
SOIL DESCRIPTION Elev.| © H o . & |PENETRATION RESISTANCE,N  (blows/ft)
Refer to the report text for a proper understanding of the D h 2! 5 52 < | A HammerWi & Drop: _140 Ibs /30 inches
subsurface matetials and drilling methods. The stratification ept E £ o8 7 —_——
lines indicated below represent the approximate boundaries ft) | ¢ 3 0] = 2
between soil types, and the transitions may be gradual. 0 20 ﬂ,{C A0 a0 100
Soft to medium stiff brown SILT to sandy SILT; : |
non- to low plasticity, moist to wet. (ML) |
5
s-1:|:
10 Htt
ALLUVIUM s—z:[ !

_________________________ \vA
Loose dark brown SAND; trace silt. (SP) o THAL
Very dense GRAVEL with cobbles and possible s s it
.| Pboulders; trace sand and silt. (GP) £ Binstey
e a 25 i
i Fot
P ARIGT. L
& ALLUVIUM 1 cy
3
e
§ Grades to medium dense, caving at 29 ft. 30
Grades to very dense at 30.5 ft. HOLLe
T
8 3 g2,
Sandy GRAVEL. (GP)
ONTINUED NEXT SHEET L
w 0 20 40 60 80 100
§ LEGEND
il *  Sample Not Recovered ¥ Ground Water Level
= T 2.5" OD Split Spoon Sample
] . i Plastic Limit |—@— Liquid Limit
& 3.25"0.D. Split S S |
= e pilt Spoon Sample Natural Water Content
-4
B Tri-City WPCP
g Phase 1 Expansion
% Clackamas County, Oregon
E NOTES
; 1. Refer to KEY for explanation of symbals, codes, abbreviations and definitions. LOG OF BORING IB'6
: 2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab
G 7 testing s May 2008 24-1-03420-001
e 4. The hole location and elevation should be considered approximate.
@ SHANNON & WILSON, INC. | FIG. A7
e Geolechnical and Environmental Consultants Sheet 1 of 2
=




Geatechnical and Enviranmental Consultants

Total Depth: 51.5# Northing: ~ Drilling Method: Mud Rotary Hole Diam.: & in.
Top Elevation: 45 ft. Easting: ~ Drilling Company: Hardcore Drilling Rod Type: NwJ
Vert. Datum: Station: ~ Drill Rig Equipment; _ CME-75 Hammer Type: Automatic
Horiz. Datum: Offset: = Other Comments:
SOIL DESCRIPTION Eev.| B ] o . & |PENETRATION RESISTANCE, N (blows/ft)
Refer to the report text for a proper understanding of the D h o a 582 < |aHammerwt& Drop: _ 140 Ibs / 30 inches
subsurface malerials and diifling methods. The stratification ept g £ o8 =7 -
lines indicated befow represent the approximate boundaries )| & 3 15} = 2
between soil types, and the transiions may be gradual, 0 20. 40 50 a0 100
T o g i
Continued: B i ¥—
Sandy GRAVEL. (GP) E :
0.5 :
Hard blue grey SILTSTONE; moist, medium 4.5 45
plasticity, red brown mottling, remolds to very
stiff clayey silt. (MH) 'ﬁ
SILTSTONE 50 i
-6.5 b
Bottom of Boring - 26 July 2007 §1.5
55
60
o
{I,_,-f 65
S
’;’ 70
I
§ 75
H |
N 0 20 40 60 80 100
IS LEGEND
g *  Sample Not Recovered ¥ Ground Water Level
T 2.5"OD Split Spoon Sample
i ) . Plastic Limit |—@®—1 Liquid Limit
a 3.25" 0.D. Split Spoon Sampt
= L1 BSOS SamiES Natural Water Content
% Tri-City WPCP
E Phase 1 Expansion
% Clackamas County, Oregon
£ NOTES
Q 1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions. LOG oF BORING IB'G
E 2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classificati d selected lab
§ tesﬁng. [+] on IS paseq ol sual anu. cation and selectea lal May 2008 24-1_03420-001
4 4. The hole location and elevation should be considered approximate.
El PP SHANNON & WILSON, INC. | FIG, A7
9
=
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Total Depth: 5151 Northing: ~ Drilling Method: Mud Rotary Hole Diam.: 5in.

Rev:DRH  Tym: ECP

Log: AAH

MASTER LOG E TRI-CITY WWTP.GPJ SHAN WIL.GDT 8/7/08

Top Elevation: 451t Easting: ~ Drilling Company: Hardcare Drilling Rod Type: NWJ
Vert. Datum: Station: = Drill Rig Equipment. _ CME-75 Hammer Type: Automatic
Hariz. Datum: Offset: ~ Other Comments:
SOIL DESCRIPTION Elev.| © ] v . & |PENETRATION RESISTANCE, N (blows/it)
Refer to the report text for a proper understanding of the D h Q| o Sa £ | A Hammer WA. & Drop: _ 140 Ibs / 30 inches
subsurface materials and dnlling methods. The stratification ept g £ o5 & — ——
lines indicated below represent the approximate boundaries ) | @ B o = e
belween sail lypes, and the transilions may be gradual. 0 20 40 50 80 100
Very loose brown silty SAND to sandy SILT;
moist, non-plastic, fine sand, micaceous.
(SM/ML) i
i 5
Tl S-‘I !1
ALLUVIUM ‘ |
_________________________ o I oll
Medium stiff brown SILT with sand; moist, fine 10.0 S'ZI :
sand, micaceous. (ML) B
_________________________ 30 L) 15 RS : ‘
Loose to medium dense brown silty SAND; 150 Lt i
moist, non-plastic, fine sand. (SM) D)
il
20 %
21.5 : 3- hi.)
Very dense grey ta brown sandy silty GRAVEL 235 Tirict
with scattered cobbles and boulders; moist, 25 P
non-plastic, fine to coarse sand and gravel. E" e o
(GM) i
30
ALLUVIUM QI ?
3 THTSTITA
CONTINUED NEXT SHEET
0 20 40 60 80 100
LEGEND
*  Sample Not Recovered
T 2.5" 0D Split Spoon Sample
i fhelbv Tube Sample Portland Test Pit Plastic Limit |—@— Liquid Limit
(s]
T 3.225" 0.D. Split Spoon Sample Natural Water Content
Tri-City WPCP
Phase 1 Expansion
Clackamas County, Oregon
NOTES
1. Refer to KEY for explanation of symbals, codes, abbreviations and definitions. LOG OF BORING IB'7
2. Groundwater level, if indicated ahove, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab
testing. May 2008 24-1-03420-001
4. The hole location and elevation should be considered approximate.
SHANNON & WILSON, INC. | FIG. A8
Geotechnical and Environmental Consullants Sheet 1 of 2




Total Depth: 51.51. Northing: ~ Drilling Method: Mud Rotary Hole Diam.: 5in.
Top Elevation: 451/ Easting: ~ Drilling Company: Hardcore Drilling Rod Type: NWJ
Vert. Datum: Station: = Drill Rig Equipment: _ CME-75 Hammer Type: Automatic
Horiz. Datum: Offset: = Other Comments:
SOIL DESCRIPTION Elev.| © & v . #* |PENETRATION RESISTANCE,N  (blows/t)
Refer to the report text for a proper understanding of the D th L o 582 < | A HammerWt & Drop: _ 140 ibs / 30 inches
subsurface materials and dhilling methods. The stratificaion PPN E 1 £ | 88 J .
lines indicated below represent the approximate boundanes ft) | & = (0] = 2
hetween soll types, and the transiticns may be gradual. 0 2Q 40 50 80....100
Continued: [I"E's-wJ_ 8061 L4
Very dense grey to brown sandy silty GRAVEL 1’ L
with scattered cobbles and boulders; moist, 1 Bl
non-plastic, fine to coarse sand and gravel. L Sath
(GM) 45
Very stiff dark grey SILTSTONE; weathered,
moist, low to medium plasticity, red orange
staining.
50
SILTSTONE s-1zI
Bottom of Boring - 25 July 2007 2Ls
55
60
& HEH 1
.8, 65 q
S
py
&
o
s 70
T
3 75
0 20 40 60 80 100
g LEGEND
il *  Sample Not Recovered
a T 2.5" OD Split Spoon Sample
o j Sheloy Tube Sample Pordand Test Pit Plastic Limit —@— Liquid Limit
2 T Mo Solt Siscon Sl Natural Water Content
¥ Tri-City WPCP
g Phase 1 Expansion
% Clackamas County, Oregon
= NOTES
g 1. Refer to KEY for explanatian of symbols, codes, abbreviations and definitions. LOG OF BORI NG IB_7
; 2. Groundwater level, if indicated above, is for the date specified and may vary.
g 3. tuegtcl:nsg ‘designalion is based on visual-manual classification and selected lab May 2008 24-1-03420-001
[ 4. The hote location and elevation should be considered approximate.
f °P SHANNON & WILSON, INC. | FIG. A8
-} Geotechnical and Environmental Consultants Sheet 2 of 2
=




Total Depth: 2651 Northing: - Drilling Method: Mud Rotary Hole Diam.: 5in.
Top Elevation: 451 Easting: re Drilling Company: Hardcare Drilling Rod Type: NWJ
Vert. Datum: Station: ~ Drill Rig Equipment: _ CME-75 Hammer Type: Automatic
Horiz. Datum: Offset: = Other Cemments:
SOIL DESCRIPTION Elev.| B H - . & |PENETRATION RESISTANCE,N (blowsift)
Refer to the report text for a proper understanding of the D |2 =9 S 8 £ | A HammerWt. & Drop: _ 140 Ibs / 30 inches
subsurface matenals and drilling methods. The stratification epth E‘ £ o8 = -
lines indicated below represent the approximate boundaries {ﬂ} ) % (0] ; 8
between soil lypes, and the transitions may be gradual. 0 20 40 a0 a0 100
Loose dark brown SILT, moist, nhumerous roots
(Based on drill cuttings). (ML)
TOPSOIL
Brown silty GRAVEL, moist, rounded to [ 5+ @ &
subangular gravel (Based on drill cuttings). . 5'11 &
{GM) :
FILL &
Very loose brown silty SAND, moist, fine to ik s h
medium sand, micaceous, no to low plasticity AN S o
silt. (SM) I 5-3 i $
———————————————— s 15 9
Very soft brown sandy SILT, moist, no plasticity, 341 ;
fine sand. (ML) o
ALLUVIUM
i e e e i et e St e e e 29 20
Very loose brown silty SAND, moist, fine to 200 bl
medium sand, micaceous, occasional seams of Il; )
sandy GRAVEL with traceof silt. (SM) :};E:}: 56 §7 S
_________________________ 21 pelil # iiassitt
@] Dense SAND layer approximately 12 inches 240 L PPl
S . ) . 20 |y 25 1
g thick of unknown silt content (According to 250 flay 5.7I AL
=h \driller). (SW/SM) - g o0
Very dense gray and brown sandy GRAVELwith
5 silt, moist, rounded to subrounded gravel, slight
&1 |Fe-oxidation, granitic, quartzitic and basaltic 30
clasts in a sand with silt matrix. (GW-GM) i
ALLUVIUM
g Bottom of Boring Completed 2/25/2008. 35
§
0 20 40 60 80 100
g8 LEGEND -
E *  Sample Not Recovered o OA’ Fines (<0.075mm)
g T Standard Penetration Test ® % Water Content
4 T 3" O.D. Shelby Tube Plastic Limit |—@— Liquid Limit
s Natural Water Content
r4
3 Tri-City WPCP
El Phase 1 Expansion
g Clackamas County, Oregon
el NOTES
ol " i T
g 1. Refer to KEY far explanation of symbols, codes, abbreviations and definitions. LOG OF Bo RING IB'B
: 2. Groundwater level, if indicated above, is for the date specified and may vary.
§ 3. tlizt(i.‘,nsé.t:iesignation is based on visual-manual classification and selected lab May 2008 24-1-03420-001
o 4, The hole location and elevation should be considered approximate.
2 o % SHANNON & WILSON, INC. | FiG. A9
g Geotechnical and Enviranmental Consultants ]




Total Depth: 34.21 Northing: = Drilling Method: Mud Roatary Hole Diam.: Sin.
Top Elevation: 45 ft. Easting: = Drilling Company: Hardcore Drilling Rod Type: NWJ
Vert. Datum: Station: ~ Drill Rig Equipment: _ CME-75 Hammer Type: Automalic
Horiz. Datum: Offset: = Other Comments:
SOIL DESCRIPTION Eev| 3| 8 v . & |PENETRATION RESISTANCE,N (blows/it)
Refer to the report text for a proper understanding of the el & S8 < |a Hammerwt & Drop: _ 140 Ibs / 30 inches
subsurface materials and diiling methods. The stratification  [DePt( E| € | 28 3 —SL RS
lines indlicated below represent the approximate boundaries )| &| @ o s 2
belween soil types, and the fransilions may be gradual. « 0 20 60 30 100
Loose dark brown SILT, moist, scattered roots
and organics (Based on drill cuttings). (ML) 4%
2,
415
TOPSOIL 3.5
Brown silty GRAVEL, moist, rounded to 5
subangular gravel (Based on drill cuttings and 385 h
driller). (GM) f1 &5 EESE i
| ,' Tl
| T
M E
1‘ FILL } bl
| Soft Red-brown and gray mottied SILT trace of | BN 10 i
Ifine sand, moist, scattered wood debris, non to II } i id
low plasticty sit. ML) ] b A
Very loose brown silty SAND, moist to wet, fine A
to medium sand, non to low plasticity silt, 1 b 15ﬂ i
micaceous, faintly stratified. (SM) oS o
IR 1
ALLUVIUM RHE
AR EN
1t 20
i % DY -
i %
agi
o 1y %
S BRER S_7I & e
s i A
]
_'::,IZL‘. N
5 B |
x ok 30 .
14 NS S_aI z Y g 8¢
Medium dense in upper to very dense lower 31.0 ‘.l! 2 20 T T i
gray to gray-brown sandy GRAVEL with silt, ‘ ‘ 5 §
moist to wet, fine ta coarse sand, rounded to 108 @Yo g g
@ 34.2 =13 i
&| | subrounded gravel, scattered cobbly zones, o 35
? driller losing circulation. (GW-GM)
ALLUVIUM 4
Bottom of Boring Completed 2/25/2008
wi 0 20 40 60 80 100
g LEGEND P
5 *  Sample Not Recovered ¥  Ground Water Level o OA’ Fines (<0.075mm)
@l I Standard Penetration Test Plasti L'. 'tA Water CoTen'td Limi
il " 0.D. T astic Limi I_‘_I iquid Limit
Z IL 3"0D. Shelby Tube Natural Water Content
=z
3 Tri-City WPCP
g Phase 1 Expansion
&
% Clackamas County, Oregon
[+ NQTES
g 1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions. LOG OF BORING IB_g
: 2. Groundwater level, if indicated above, is for the date spacified and may vary.
g 3. tlglagt(ilnsg.dtasignation is based on visual-manual classification and selected lab May 2008 24-1-03420-001
& 4. The hole location and elevation should be considered approximate.
5 SHANNON S WILSON.INC- | FIG. A10
=




Rev:

Typ: CKS

Log: CKS

MASTER LOG E TRI-CITY WWTP.GPJ SHAN WIL.GDT B/7/08

Total Depth: 40.2 ft. Northing: ~ Drilling Method: Mud Roatary Hole Diam.: §.in.
Top Elevation: 50 ft. Easting: ~ Drilling Company: Hardcore Drilling Rod Type: NWJ
Vert. Datum; Station: ~ Drill Rig Equipment: _ CME-75 Hammer Type: Automatic
Horiz. Datumn: Offset: - Other Comments:
SOIL DESCRIPTION Elev i w . & |PENETRATION RESISTANCE, N  (blowsif)
Refer to the report text for a proper understanding of the D th =1 58 £ |a Hammerwt& Drop: _ 140 lbs / 30 inches
subsurface materials and drilling methods. The stratification ep E o8 5 e
lines indicated below represent the approximate boundaries (ft.) > 10} s 8
belween soil types, and the transilions may be gradual. 0 20 4 40 A0 100
h Concrete-old bulldingpad. __ s %
Cobbles and gravel/ Railroad Ballast Fill 4 ;‘c"
-\ (According todrille). &
1 Sitty sandy GRAVEL (According to driler). _ _ | 96 [
1 6 to 8-inch diameter cobble encountered I’I’ e 8'1:[ 9
\Accordingtodriler. s B i
i Concrete chunks encountered (Accordingto ! |
Vg ) . , N
driller and observed in drill cuttings). j h
Medium dense to very dense light gray and 10
gray-brown to pinkish-gray sandy GRAVEL with S'ZI 3# SN
silt, moist, rounded to angular fine to medium § T
gravel up to 1.5-inch diameter, numerous lenses yetd
and pockets of bentonite or ash. (GW-GM) 2 . it i
24 s-aI 5
FILL X LT g
— Wood debris encountered. P A ik A1
Very soft to soft gray SILT frace of sand, trace of T
clay, moist, low to medium plasticity, fine sand, .. {I: 20 i 3
micaceous, occasional to scattered organics. ﬁ ]
(ML)
ALLUVIUM 25
S5 1*
_________________________ 22.5 2
Loose to medium dense gray-brown and brown | 275 [}, 1] ¢ ‘_,“h {
interbedded silty SAND and SAND trace of silt, S N
moist, silty SAND typically fine sand with low T ) 7I 30 W (T b
plasticity silt, SAND with trace of silt typically 18 : b | R
medium to coarse sand, trace of micas, rounded 320 B9 3aitl
to subrounded medium gravels at 31.0 feet. o
(SW/SM) b 35 hig el
Very dense gray-brown sandy GRAVEL with silt, s-aI pigd il
moist, rounded to subangular gravel, occasional \
cobbles, slight Fe-oxidation. (GW-GM)
CONTINUED NEXT SHEET
0 20 40 60 80 100
LEGEND o
*  Sample Not Recovered o 0/" Fines (<0.075mm)
T Standard Penetration Test @ % Water Content
T[ 3" O.D. Shelby Tube Plastic Limit |—@— Liquid Limit
Natural Water Content
Tri-City WPCP
Phase 1 Expansion
Clackamas County, Oregon
NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions. LOG OF BORING IB_1 0
2. Groundwater level, if indicated above, is for the date specified and may vary.
3. tl‘JaEﬁCnSg.designation is based on visual-manual classification and selected lab May 20 08 24-1-03420-001
4. The hole location and elevation shauld be considered approximate.
SHANNON & WILSON, INC. | FIG. A11
Geotechnical and Environmental Corisultanis Sheet 1 of 2




Total Depth: 40.2 ft. Northing: ~ Drilling Method: Mud Roatary Hole Diam.: Sin.
Top Elevation: 50 ft. Easting: = Drilling Company: Hardcore Drilling Rod Type: NWJ
Vert. Datum: Station: = Drill Rig Equipment: _ CME-75 Hammer Type: Automatic
Horiz. Datum: Offset: = Other Comments:
SOIL DESCRIPTION Elev.| © 2 - .  |PENETRATION RESISTANCE, N {blowsift)
Refer to the report fext for a proper understanding of the D tH al 5§ 5a £ | A Hammer WL, 8 Drop: _ 140 lbs / 30 inches
subsurface materials and drifling methods. The stralification eptn| €| € g8 B .
lines indicated below rapresent the approximate boundanes ) | & = o = 2
between soil brpes, and the transitions may be gradual, 0 20 40 &0 B0 00
4.8 S-5—=
&Y ALLUVIUM A
Bottom of Boring Completed 2/26/2008.
45
i
50 :
}
i}
55
.1 |
60
(%]
S 65
=
@ 70
1
o L
S 75
@ 0 20 40 60 80 100
§ LEGEND S % Fi
b *  Sample Not Recavered D° Ines (<0.075mm)
8 T Standard Penetration Test — L'. " % Water COr‘Il_t.en'td -
| 3" 0.D. Shelby Tub astic Limil I—.——I iquid Limil
§I I e es Natural Water Content
g Tri-City WPCP
gl Phase 1 Expansion
% Clackamas County, Oregon
st NOTES
ol i - —_—
g 1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions. LOG OF BORING IB_1 0
:.I 2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab
8l testing, e nual ciassitia selecte May 2008 24-1-03420-001
@ 4. The hole location and elevation should be considered approximate.
& SHANNON & WILSON, INC. | FIG. A11
g Geolechnical and Er Consultants Sheet 2 of 2




Tvp. CKS

Rev:

Log: CKS

MASTER LOG E TRI-CITY WWIP.GPJ SHAN WIL.GDT 8/7/08

+  Sample Not Recovered

T standard Penetration Test

1, Refer to KEY for explanation of symbols, codes, abbreviations and definitions. LOG OF BORING lB'1 1
2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab
testing. May 2008 24-1-03420-001
4. The hole location and elevation should be considered approximate.
SHANNON & WILSON, INC. | FIG. A12
Geotachnical and Environmental Consultants Sheet 1 of 2

NOTES

2  Ground Water Level

Plastic Limit |—@—] Liquid Limit

Natural Water Content

Total Depth; 46.5 it. Northing: ~ Drilling Method: Hollow Stem Auger Hole Diam.: 8.in.
Top Elevation: 40 ft. Easting: = Drilling Company: Hardcare Drilling Rod Type: NWJ
Vert. Datum: Station: -~ Drilt Rig Equipment: _ CME-75 Hammer Type: Automatic
Horiz. Datum: Offset: = Other Comments:
SOIL DESCRIPTION Eev| | 8 v . & |[PENETRATION RESISTANCE,N  (blows/it)
Refer lo the report text for a proper understanding of the D h o o S& < | A HammerW. &Drop: _140Jbs /30 inches
subsurface materials and driling methods. The slratification ept ; £ 68 17 R
lines indicated below represent the approximate boundaries ft) | & - (0] s 2
belween soil types, and the iransitions may be gradual. 0 20 40 50 a0 100
Dark brown SILT numerous roots and organics. *zf‘s"’ H
(ML)
TOPSOIL i
Very soft to soft red-brown SILT trace of sand 5
and gravel, moist, fine subrounded to 5'11
subangular gravel, slight Fe-oxidation. (ML) 1
FILL 20 ;
s 10h
Very soft dark gray-brown SILT trace of fine 100 3.2:[ A
sand, wet, no plasticity silt, occasional to 0
scattered seams to layers of fine sand with
numerous organics and wood debris, trace of
micas. (ML) 15
seI A
GRAVEL PIT WASH DEPOSITS 9
t
20 f @
S-4I
¢
_________________________ 15 HHH 25 &
Very soft dark gray-brown interbedded to 250 |, r S'SI
iaminated fine sandy SILT and silty fine to i1 a:
medium SAND with scattered organics, wet, {
trace of micas, no to low plasticity, occasional RRER
organic odor. (ML/SM) ! 30 *
-1 ' ' S-SI ?
GRAVEL PIT WASH DEPOSITS
T 36 ®
THY S"I v A
NR gy 0
5 I
CONTINUED NEXT SHEET A .
0 20 40 60 80 100
LEGEND

Tri-City WPCP
Phase 1 Expansion
Clackamas County, Oregon




Total Depth: 46.51

Northing: ~ Drilling Method: Hollow Stem Auger Hole Diam.: 8.in.
Top Elevation: 40 /. Easting: = Driling Company: Hardcore Drilling Rod Type: NWY
Vert. Datum: Station: - Drill Rig Equipment: _ CME-75 Hammer Type: Automatic
Horiz. Datum: Offset: = Other Comments:
SOIL DESCRIPTION Elev.| B A v . * |[PENETRATION RESISTANCE, N {blowsift.)
Refer fo the rapart text for a proper undersianding of the D th Q| 5 58 £ | & Hammer W, & Drop: _ 140 Ibs / 30 inches
subsurface materials and driling methods. The stratification eptnl £1 £ 68 &
lines indicated below represent the approximate boundaries )| & 8 0] = 8
between soif types, and the transitions may be gradual. 0 20 40 50 30 100
continued, : i
Very soft dark gray-brown interbedded to i ttl
laminated fine sandy SILT and silty fine to 35 [H
1 medium SAND with scattered organics, wet, If ] 435 % B HE
\ trace of micas, no to low plasticity, occasional 45 Bt
L organic odor. (ML/SM) 1+ 8 A
il il i
\ ___ GRAVELPITWASHDEPOSITS [ | “*
Very dense gray to reddish-brown sandy
GRAVEL with silt, moist, ronded to subrounded 50
gravel. (GM-GW)
ALLUVIUM
Very hard clayey SILT trace of sand, moist, 55
moderate Fe-oxidation, relic conglomerate
structure or relic siltstone, severely weathered
gravel. (MH)
SILTSTONE 60
Bottom of Boring Completed 2/26/2008.
(7]
5 65
&
]
¥
4 70
3 75
8
-
= 0 20 40 60 80 100
= LEGEND
g *  Sample Not Recovered ¥  Ground Water Level
T Standard Penetration Test
g Plastic Limit —@—] Liquid Limit
z Natural Water Content
=
z Tri-City WPCP
g Phase 1 Expansion
% Clackamas County, Oregon
E NOTES
; 1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions. LOG OF BORING IB_1 1
; 2. Groundwater level, if indicated above, is for the date specified and may vary.
g 3. ‘Légt?ns‘a.designation is based on visual-manual ciassification and selected lab May 2008 24-1-03420-001
x 4. The hate location and elevation should be considered approximate.
b PP SHANNON & WILSON, INC. | FIG. A12
2 Geotechnical and Enviranmental Consultants Sheet 2 of 2
=




Total Depth: 31.5#/ Northing: = Drilling Method: Hollow Stem Auger Hole Diam.: 8.in.
Top Elevation: 48 ft. Easting: ~ Drilling Company: Hardcare Drilling Rod Type: NWJ
Vert. Datum: Station: ~ Drill Rig Equipment: _ CME-75 Hammer Type: Automatic
Horiz. Datum: Offset: = Other Comments:
SOIL. DESCRIPTION Eev| o ] - . & |PENETRATION RESISTANCE,N (blowsiit)
Refer to the report text for a proper understanding of the D h Q1 a5 58 £ | A Hammer Wt & Drop: _ 140 Ibs /30 inches
subsurface materials and drilling methods. The stralification ept ; 1S =Y a -
lines indicated below represent the approximate boundaries )| & S (O] = 8
betwsen soil lypes, and the transitions may be gradual. 0 20 40 50 A0 100
Sandy GRAVEL with cobbles, moist, angular to
subangular gravels and cobbles. (GM) 46
2.0 10
s 1:[ g .
RAILROAD BALLAST FILL ;
Very loose to loose brown silty SAND, moist, ;| 5 B
fine to medium sand, no to low plasticity silt, 'z:l: ' ; it
occasional pockets of dark brown silt with § "
scattered organic debris. (SM) -sI i
i
ALLUVIUM “‘I e ° i
3 ¥
ol
""I
b e e L T Ty T = T plnorEes e 13530 :':: 15 ' =4
Soft brown sandy SILT, moist, fine to medium - S'SI t
sand, no to low plasticity silt, occasional organic
debris. (ML)
[~ Very loose to loose brown siity SAND, moist, | 200 [£1 20 sl
fine to medium sand, no to low plasticity silt,
micaceous. (SM) e
g BRER 25 i g
KRB N
[k L
5 - . B3
x| Dense brown-gray sandy GRAVEL trace of silt, .. 30
: 3 Y S-QI 3}
dry to moist, rounded to subangular gravel, fine 165 p 0 s
to medium gravel up to 1.5-inch diameter. (GW) M
a ALLUVIUM BN 1
& X 35
B Bottom of Boring Completed 2/27/2008.
= |
i
0 20 40 60 80 100
g LEGEND -
5 *  Sample Not Recovered 2 of, C\I/naet:r(é:;;s??)
Q T Standard Penetration Test (] e
9 Plastic Limit |—@—] Liquid Limit
2 Natural Water Content
Pt
;: Tri-City WPCP
g Phase 1 Expansion
% Clackamas County, Oregon
b NOTES
E' 1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions. LOG OF BORING IB 12
E 2. Groundwater level, if indicated above, is for the date specified and may vary.
8 3. tltjagt(l:nsg .designation is based on visual-manual classification and selected lab May 2008 24-1-03420-001
o 4. The hole location and elevation should be cansidered approximate.
b SHANNON & WILSON, INC. | F|G. A13
Q2 Geotechnical and Envirenmental Consultants .
=




Typ: CKS

Rev:

Log: CKS

MASTER LOG E TRICITY WWTP.GPJ SHAN WIL GDT B/7/08

Total Depth: 17 1f. Northing: - Drilling Method: Hollow Stem Auger Hole Diam.: 8 in.
Top Elevation: 46 ft. Easting: ~ Drilling Company: Hardcore Drilling Rod Type: NWJ
Vert. Datum: Station: ~ Drill Rig Equipment: _ CME-75 Hammer Type: Automalic
Horiz. Datum: Offset: s Other Comments:
SOIL DESCRIPTION Elev.| B ] v . & |PENETRATION RESISTANCE,N (blowsift)
Refer to the report text for a proper understanding of the D ﬂ.’l 2| B 58 £ | & Hammer Wt. & Drop: _ 140 ibs / 30 inches
subsurface matenials and diling methods. The stratificaion  [DSPtl E | £ | & 3§ CEEEEa.
lines indicated below represen! the approximate boundaries ) | & 3 (0] = 2
between soil types, and the transitions may be gradual. 0 20 40 60 a0 100
Loose brown silty SAND, moist, fine to medium x.
sand, low plasticity silt, occasional to scattered 2
roots and organic debris, trace of subrounded f I
, 5-1
gravels in upper 4.0 feet. (SM) 1
5 Hrih
FILL sz | ;
_________________________ 385 by ettt
Soft brown sandy SILT, moist, fine sand, low 75 S.a:l: i3
plasticity silt, occasional roots and organic
i 36
—\debris. (ML) /7 100 [T 41 10 lg
Very loose brown silty SAND, moist, fine to ‘1
medium sand, fow plasticity silt, occasional roots b &
and organic debris. (SM) S'SI
15 14
ALLUVIUM s.sI
29 |-
Bottom of Boring Completed 2/27/2008. 17.0
20
25
30
35
LEGEND 0 20 40 60 80 100
*  Sample Not Recovered © :%’ Fines (<0.075mm)
T Standard Penetration Test ) ._ % \Water Cont_ent
Plastic Limit F—@—] Liquid Limit
Natural Water Content
Tri-City WPCP
Phase 1 Expansion
Clackamas County, Oregon
NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions. LOG OF BORING IB_1 3
2. Groundwater Isvel, if indicated above, is for the date specified and may vary.
3. tlégt(i.tnsg.designaticm is based on visual-manual classification and selected lab May 2008 24-1-03420-001
4. The hole location and elevation should be considered approximate.
i SHANNON & WILSON, INC. | FG. A14
Geotechnical and Environmental Consultants .




*Soul hehavios lype aned SPT based on dala trom UBC-1983

CPT-

Operalor JSP/SVAN/VAN EXP
Sounding FILOD4
Cone Used 4CH

1

CP1 DaleTime 08-14-07 08 49
Locallon CP1AGNESWWTP OC
Job Number S&W/24-1-03420-1

SPT N* Soil Behaviar Type®  Tip Rasistance Local Fricion Friction Ratio Pore Pressure
60% Hammer Zone UBC-1983 Qt (Ton:MNA2) Fs (Tonift*2) Fs/Qe (%) Pw (psl)
oo 1200 00 120 00O 3500 00 80 0D 60 -6.0 100
000 rrrana ) T ) ) 1 L] rrrrret LI IE R R ER R
s i
- e 22
. - <5 o
s00 b L/ L/ L S I
|
| |
| |
l, | -, '
| |
1000 ‘ ] -
| [ |
|_ | -
[ -. ': {
] | | 3
t |
Deptn 1590 *— - o | =
) { | | i .
\ . \
\ 3
] 4 [ 1
l.- \ \ )
20.00 |~ - - - ’~/_ —
1 T
i l .f"
|. | LJ |
| | y g
{ 1 | { l
| , 2 _
[ | >
| | (_,.-’
25.00 p4 - — - - 4
| ! ‘r/_,?‘:. ‘
l| h \(. 1
: l
30 00
Maximum Depth = 27 72 leet Depth Increment = 0 16 feet
1 senstive hine graned Ba sityclayto clay = sity sand (o sandy st 10 gravelly sand to sand
W2 arganic material B 5 clayey sl lo silly clay B sand ta silly sand 1 11 very stff fine grained ()
K] clay W6 sendy silt to clayey ailt 9 sand 12 sand to clayey sand (*)
NOTES: ot
1. A Log of probe is based on piezocone probe data provided by Vandehey Tri Clty WPCP_
Explorations. Phase 1 Expansion
2. The pore pressure was measured behind the tip of the penetrometer. Clackamas County, Oregon
Hydrostatic pore pressure based on an estimated groundwater depth.
3. The estimated soil properties are based on analyses performed using
published correlations and equations. The method used for estimating the LOG OF CPT-1
properties listed above are:
a. Uncorrected N-Value (N60) based on Robertson & Campanella.
b. Soil Behavior Type based on UBC-1983. May 2008 24-1-03420-001
SHANNON & WILSON, INC.
palviihivtaliddamidviin FIG. A15




*Sont behiavior lype and SPT based on data from UBC. 1983

Operator JSP/SVANWVAN EXP
Sounding. FILODS
Cone Used dCH

CPT Date/Tune 08.14-07 11 04
Localon: CP2 AGNESWWTP OC
Job Number S&W/24-1.03420-1

SPT N Sail Behavior Type*  Tip Resistance Loval Friction Friclion Ratio Pore Pressure
60% Hammer Zone: UBC-1983 Q1 (Tonfftr2) Fs (Tonfft"2) Fa/Qe (%) Pw (psh)
oo 200 00 120 o0 2500 00 20 @0 80 40 100
5c":'lllllll!l 1 1 1 L] L) TTrreTd rerrry
i \
.." J {
] 4 |
1ol | 1t B o "
)]
I
{ |
i
} {
i I'J \
‘.] . 1
1500 }= l_" - b= - =
e
l |
Depih | | 4
it I
. I \
/! [ ! |
2000 - - - - |
| K
| | ' \ ;
! | \
[| | .
2500 {- - 18 L B
"s__\ P
f‘r -
1 <l
| ’JV] I. 3
! ‘L L |
5 i
3¢ o
Maximum Depth = 29 04 leet Depth Increment = 0 16 feet
1 sensilive fine graned ma silty clay to clay w7 silly sand lo sandy sill 10 gravelly sand o sand
. organic matenal B 5 clayey sutto silly clay B sand to sity sand W 11 very suff fine gramed (")
kK] clay W6 sandy st to clayey silt L] sand M 12 sand lo clayey sand (*)
NOTES: Y
1. A Log of probe is based on piezocone probe data provided by Vandehey Tri Clty WPCP_
Explorations. Phase 1 Expansion
2. The pore pressure was measured behind the tip of the penetrometer. Clackamas County, Oregon
Hydrostatic pore pressure based on an estimated groundwater depth.
3. The estimated soil properties are based on analyses performed using
published correlations and equations. The method used for estimating the LOG OF CPT-2
properties listed above are:
a. Uncorrected N-Value (N60) based on Robertson & Campanella.
b. Soil Behavior Type based on UBC-1983. May 2008 24-1-03420-00

SHANNON & WILSON, INC.

FIG. A16

Geotachnical and Environmental Consultants
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*Sud behaviar (e and SPT basad on data from UBC 1962 T 3

Operalor  JSPISVAN/VAN EXP
Sounding: FILOO?
Cone Used 4CH

CPT Date/Time  08-14-07 11 40
Locaton- CP3 AGNESWWTP OC
Job Number S&W/24-1-03420-1

SPT N° Soll Behavior Type*  Tip Resislance Local Friction Friction Ralio Pore Pressure
60% Hammer Zone UBC-1983 QU (Tonfftr2) Fs (Ton/fin2) Fs/Qc¢ (%) Pw (psi)
00 180 0.0 120 00 4500 QO 20 oo 40
6m:,llllllil | L L L L T Trrrrreni Trrrri
8.00 |- | - = - - |
]
1 _ (
| >
|
1000 | - L L. |
| |
| |
12.00 f= ] - L - \\ L
I/
/
/ |
Depth [ \
()
| |
1400 = - = - - |
i . |
! ()
| 5 |
16.00 |- ~ - - fl -
| ; |
| }
) |
18.00 |- . 4[. |_. -
20 00
Maximum Depth = 19 69 fest Depth Increment = 0 16 feet
1 sensilive fine grained M4 sty clay o clay B 7 sity sand to sandy sill 10 gravelly sand to sand
|_¥ organic matenal Ms clayay sit 1o silly clay 8 sand to silty sand £ 11 very stlf fine gramed (*)
[ K] clay M s sandy silt o clayey st 9 sand 17 sand to clayey sand (*)
NOTES: ey
1. A Log of probe is based on piezocone probe data provided by Vandehey Tri Clty WPCP_
Explorations. Phase 1 Expansion
2. The pore pressure was measured behind the tip of the penetrometer. Clackamas County, Oregon
Hydrostatic pore pressure based on an estimated groundwater depth.
3. The estimated soil properties are based on analyses performed using
published correlations and equations. The method used for estimating the LOG OF CPT-3
properties listed above are:
a. Uncorrected N-Value (N60) based on Robertson & Campanella.
b. Soil Behavior Type based on UBC-1983. May 2008 24-1-03420-00
SHANNON & WILSON, INC.
Geotachnical and Environmental Consultants FIG b A1 7




*Suil behavior lype and SPT bassd on data from UEC 1983

Operalor  JSPISVANMNVAN EXP
Sounding. FILOQRB
Cone Used 4CH

CPT Date/Time 08.14-07 13,00
Location CP4a AGNESWWTP OC
Jdob Number S&wW/24-1-03420-1

SPTN° Soil Behavior Type*  Tip Resistance Local Friction Friction Ratio Pore Pressure
80% Hammer Zone: UBC-1983 Ot (Ton/ft*2) Fs {Ton/ftr2) FaiQce (%) Pw (ps1)
oo 200 Q0 120 4000 0.0 20 00 160 40 50
5.00 FrrTrTTTT T T T T T T TTTTTTT TTIrTTTTT
il , J
: | j :
J | ,
; | _
wook | - - = =t
l 4 :. \
| g
| )
I 3
I | ;
1500 |- i L = - i E
""'. L \ |
' 1
| {
‘ ] i
|
: | \:
Deplh 2000~ |' B I~ B P 51'
) [ \ |
J x
o ¥ < A
n |
25.00 |- '5: E R Il | \ i
i | i : \
.J'Ii- I { lI
|
& |
1 ]
30.00 |- L B - g
) :
ey £}
3500
Maximum Depth = 33 14 leel Depth Increment = 0 16 feel
1 sensilive fine grained | 1] silty clay to clay m silly sand 1o sandy silt 10  gravelly sand lo sand
22  organic matenal 15 clayay sl o silty clay 8  sand to silty sand B 11 very stiff ine graned (*)
K] clay M6 sandysitto clayey sit 9 sand M2 sandto clayey sand (")
NOTES: 8
1. A Log of probe is based on piezocone probe data provided by Vandehey Tri Clty WPCP,
Explorations. Phase 1 Expansion
2. The pore pressure was measured behind the tip of the penetrometer. Clackamas County, Oregon
Hydrostatic pore pressure based on an estimated groundwater depth.
3. The estimated soil properties are based on analyses performed using
published correlations and equations. The method used for estimating the LOG OF CPT-4
properties listed above are:
a. Uncorrected N-Value (N60) based on Robertson & Campanella.
b. Seil Behavior Type based on UBC-1983. May 2008 24-1-03420-001
SHANNON & WILSON, INC.
Gaolechnical and Environmantal Consultants FIG - A1 8
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B.1 GENERAL

B.1.1
B.1.2
B.13
B.14
B.1.5

Table No.

B1
B2
B3

Figure No.

Bl
B2
B3
B4

APPENDIX B

S&W LABORATORY TESTING

TABLE OF CONTENTS

Moisture (Natural Water) Content
Atterberg Limits

Consolidation Test

LIST OF TABLES

Atterberg Limits
Grain-Size Analysis
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APPENDIX B

S&W LABORATORY TESTING

B.1 GENERAL

A laboratory testing program was developed and implemented in order to evaluate physical
and engineering characteristics of the subsurface soils. Laboratory tests on selected soil samples
included standard classification tests, which consisted of visual examination, moisture/density
tests, Atterberg limits, grain-size analysis, hydrometers, and grain-size wash analysis, i.e.,
percent finer than the No. 200 sieve. In addition, in-place density tests, in-situ shear strength and
unconfined compressive strength tests were conducted on selected undisturbed thin-walled
samples. This Appendix contains the full lab results from S&W laboratory testing program, in
addition to Figure B1, which summarizes all laboratory testing performed on samples collected
on site (this includes the laboratory results from previous work done on-site by others). We
cannot assure the completeness or accuracy of the data from other sources, but the information
was used by Shannon & Wilson to supplement our interpretation of subsurface conditions and
soil properties. The last column of Figure B1 indicates from which previous report the
laboratory data was assembled.

B.1.1 Moisture (Natural Water) Content

Selected soil samples were evaluated to determine their in-situ water content. The
moisture content is defined as the ratio of the weight of water to the dry weight of soil, expressed
as a percentage. The results from our moisture testing are shown on Figure B-1. Additionally,
the results of the moisture content determinations are presented on the logs of the borings in
Appendix A.

B.1.2 Atterberg Limits

Atterberg Limits were determined on selected samples of fine-grained soils (that is, silts,
clays and clayey silts) for the purpose of classifying fine-grained soils into groups based on
plastic properties of the soil. Plastic properties of soils are used in a number of soil property
correlations. Table 1 below shows the results of the Atterberg Limits tests that were performed
by Shannon & Wilson. The results of the Atterberg Limits test are plotted on the plasticity chart
on Figure B2 in this appendix.

Appendix B Doc.doc
24-1-3420-001
B-1



TABLE 1

Atterberg Limits
Boring Depth, ft Liquid Limit | Plastic Limit | Plasticity Index | Classification
IB-2 15 44 32 12 ML
IB-3 20 41 30 11 ML
IB-4 15 34 33 1 ML
IB-4 30 41 35 6 ML
IB-9 20 NP NP NP ML
IB-10 20 52 34 18 MH
IB-13 7.5 45 35 11 ML

B.1.3 Grain-Size Analyses

Grain-size analyses were conducted on selected soil samples to determine their particle
size distribution. For most samples, a wet sieve analyses was performed to determine a
percentage (by weight) of the sample passing the No. 200 (0.75 mm) sieve. For selected
samples, a full grain size distribution curve was developed by testing the minus No. 10 material
using a hydrometer, washing the full sample over a No. 200 sieve, and sieving the plus No. 200
material through a series of sieves to determine the distribution of the plus No. 200 material.
The hydrometer plus sieving results were used to develop the particle-size distribution curves
down to 0.002 mm. Table 2 below shows the tabular results of S&W grain size analysis. Figure
B3 in this appendix presents the results of the Grain-Size Analysis.

TABLE 2
Grain-Size Analysis

Boring Depth, ft Percent Gravel | Percent Sand | Percent Fines | Classification
IB-1 10 -- -- 60.8 ML
IB-1 20 - -- 87.2 ML
IB-2 22 0.0 52.2 478 SM
IB-4 17 -- -- 60.7 ML
IB-4 35 -- -- 42.0 SM
IB-5 22 0.0 43.2 56.8 ML
IB-8 5 - - 83.8 ML
IB-9 15 0.0 17.9 82.1 ML
IB-9 22 - -- 76.8 ML
IB-10 30 -- -- 452 SM
IB-12 10 - -- 61.1 ML
IB-12 12.5 - - 70.0 ML
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IB-12 15 0 103 89.7
IB-12 20 s " 55.6 ML
IB-13 10 " = 58.4 ML
IB-13 12.5 0 449 32,0 -
IB-13 15 % - 40.6 sM

B.1.4 Unit Weight of Undisturbed Samples

The unit weights, or densities, from the thin-walled Shelby tube samples were determined
in the laboratory. Results from S&W testing are below in Table 3. The results from all Unit
weight measurements performed on-site are presented in this appendix.

TABLE 3
Unit Weight of Undisturbed Samples

Boring Depth, ft Dry Density pef
IB-2 20 73.87
IB-4 15 84.37
IB-5 20 95.56
B8 | 20 910
1B-9 10 83.3

B.1.5 Consolidation Test

Shannon & Wilson performed one consolidation test on a sample from the Alluvial Silts at a
depth of 20 ft, in the vicinity of the UV disinfection building. A consolidation test indicates the
amount of deformation that a soil may undergo when subjected to a certain load. The
consolidation test indicated that the soils at under the UV building have exhibit compressive
characteristics as shown on Figure B4, in this appendix. The results from all consolidation tests
performed on-site are presented on Figure B1, with the full lab results presented in Appendix D.
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APPENDIX C

PERVIOUS PAVEMENT

C.1 GENERAL

This appendix contains a previous technical memorandum regarding the subgrade permeability
beneath pervious pavement. The memo documents Shannon & Wilson’s procedures for
estimating subgrade permeability and recommendations for additional efforts regarding on-site
measurements.
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January 11, 2008

MWH Americas, Inc.
S100 SW Macadam Avenue, Suite 420
Portland. Oregon 97239

Atin: Ed Barhhurst, P.E.

RE:  PERVOIUS PAVEMENT SUBGRADE SOIL. PERMEABILITY
TRI-CITY WATER POLLUTION CONTROL PLAV"I
CLACKAMAS COUNTY, OREGON

Shannon & Wilson has completed an estimate of the soil permeability parameters to support the
design of pervious pavements for the Tri-City WPCP cxpansion. The attached figure illustrates
our estimates of soil Cocfticient of Permeability. We evaluated and grouped soils into zones
that may exhibit similar hydraulic properties based on soil type. Soil types were collected from
a number of sources including, subsurface explorations conducted for this project. geotechnical
reports from previous plant projects, and geotechnical reports completed for projects on
adjacent properties. Once we grouped the soils into zones, we estimated the Coefficient of
Permeability for cach zone based on correlations developed by the Army Corps of Engineers
and published by the Joint Departments of the Army. the Navy, and the Air Force in the
Dewatering and Groundwater Control manual (sec reference below).

In general. Coetticient of Penmeability of soils can be roughly estimatted by the effective grain
sizc of the soil (that is. the particle size of the soil for which 10% by mass of the soil has a
smaller particle size and 90% by mass of the soil has a larger particle size.). Obviously we
have made some very rough and approximate over simplifications by grouping soils, which
have fairly complex stratigraphy, into a small number of zones. Therefore. the ranges of
estimated Coctticient of Permeability for cach zone are numerically quite large (one order of
magnitude), but fall within the variation commonly accepted as “normal™ for estimates based
on grain size and soil type. We would recommend that in-situ ficld permeability be measured
along the roadway subgrades if more precise soil properties are required or preferred for the
design ol the pervious pavement sections.

Sincerely,

SHANNON & WI,LS()N, INC.

) i 4

L e Té% T%J C
Derrick Hayes Jerry L. Jacksha, PE
Engincening Stafl Senior Associate

DRH/ILI/drh
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ATTACHMENT:

Figure - Estimated Soil Permeability

REFERENCES

Joint Departments of the Army, the Navy, and the Air Force, Dewatering and Groundwater
Countrol: Army TM 5-818-5, Navy NAVFAC p-418, Air Force AFM 88-5, Chapter 6.

November 1983,

CH2M Hill. Tri-City WPCP Liguids Expansion Geotechnical Data Report. prepared for TSD
and Clackamas County, August 2002,

CH2M Hill, Tri-City Sewerage Treatment Plant Soils Report, prepared for TSD and Clackamas
County. December 1982.

URS Corporation. Phase 1 and Phase [l Environmental Site Assessment. Tax Lot 502 Oregon
City Oregon, prepared for TSD and Clackamas County. August 2001.

U'RS Corporation. Remedial Action Work Plan. Unpermitted Rossman Landfill. prepared for
TSD and Clackamas County. Junc 2000.

MWH test pit photographs to support the remediation of the Unpermitted Rossman Landfill,
2007

Shannon & Wilson subsurface explorations to support the design ot the WPCP expansion,
2007.
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APPENDIX D
PREVOIUS FIELD EXPLORATIONS

Appendix D: Previous Field Explorations D-1 24-1-03420-001
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APPENDIX D

PREVIOUS FIELD EXPLAORATIONS

D.1 GENERAL

This appendix contains logs from previous exploratory borings on site. The approximate
location of the borings is shown on Figure 2, Site Plan. Exploratory borings from adjacent
properties are not included in this appendix.

Appendix D Doc.doc
24-1-3420-001

D-1



NOTES:

1.

THE DEPTH AND THICKNESS OF THE SUBSURFACE STRATA INDICATED ON THE
SECTIONS WERE GENERALIZED FROM AND INTERPOLATED BETWEEN SOIL
BORINGS, INFORMATION ON ACTUAL SUBSURFACE CONDITIONS EXISTS ONLY AT
THE SPECIFIC LOCATIONS AND DATES INDICATED, SOIL CONDITIONS AT-OTHER
LOCATIONS MAY DIFFER FROM CONDITIONS OCCURRING AT THE BORING LOCA-
TIONS. ALSO, THE PASSAGE OF TIME MAY RESULT IN A CHANGE IN THE'CONDITIONS
AT THESE BORING LOCATIONS.

BORING LOCATIONS ARE SHOWN ON FIGURE 2,

BORINGS WERE LOGGED IN THE FIELD BY A CH2M HILL ENGINEERING GEOLOGIST.
BORINGS WERE DRILLED BY DON KENNER OF OREGON, INC. OF SHERWOOD,
OREGON. BORINGS B-1 AND B-3 WERE DRILLED IN DECERMBER, 1981, USING A
TRUCK-MOUNTED CME-55. THE REMAINDER OF THE BORINGS WERE DF“LLED WITHA
TRUCK MOUNTED CME-75 IN DECEMBER, 1881, AND IN JANUARY AND MAY, 1982,

TRANSITIONS BETWEEN SOIL TYPES MAY BE GRADUAL AND ARE APPROXIMATELY
AT THE ELEVATIONS SHOWN.

SEE THE BORING LOGS FOR DETAILED DESCRIPTIONS OF THE SUBSURFACE
CONDITIONS.

LEGEND
5~ BORING NUMBER
-7 SPLIT-SPOON SAMPLE (ASTM D1586), “N"-VALUE
A

STANDARD PENETRATION TEST:

BLOWS - THENUMBER OF BLOWS FOR THREE 6-INCH INCREMENTS REQUIRED
FROM A 140-L.B HAMMER FALLING 30 INCHES TO DRIVE A STANDARD 2-INCH
0.D. SPLIT-BARREL SAMPLER (ASTM D15861.

“N"-THESUM OF BLOWS FOR THE SECOND AND THIRD 6- INCH INCREMENTS.
IF THE SAMPLER IS DRIVEN LESS THAN 18-INCHES, THEN “N" IS THE NUMBER
OF BLOWS FOR THE FRACTION OF THE LAST 2 6-INCH INCREMENTS.

FIGURE C-6
LEGEND AND NOTES
Tr-City Sewage Treatment Plant

HILE




BORING LOG LEGEND:

SAMPLE TYPE:

S - SPLIT-BARREL (ASTM D1586 UNLESS OTHERWISE NOTED)
ST - SHELBY TUBE
W - WASH SAMPLE

OT - OSTERBERG TUBE
NX - DIAMOND CORE BARREL

STANDARD PENETRATION TEST:
BLOWS - THE NUMBER OF BLOWS FOR THREE 6-INCH INCREMENTS REQUIRED FROM
A 140-1.B HAMMER FALLING 30 INCHES TO DRIVE A STANDARD 2-INCH 0.D.
SPLIT-BARREL SAMPLER (ASTM D1586)-

“N" - THE SUM OF BLOWS FOR THE SECOND AND THIRD 6-INCH INCREMENTS. IF THE
SAMPLER IS DRIVEN LESS THAN 18 INCHES, THEN “N" ISTHE NUMBER OF BLOWS FOR
THE LAST TWO 6-INCH INCREMENTS.

UNIFIED SOIL CLASSIFICATION SYMBOL:
GROUP SYMBOL AS PER ASTM D 2487

NOTES:

1.

BORINGS WERE DRILLED BY DON KENNER OF ‘OREGON, INC. OF SHERWOOD, OREGON,
BORINGS B-1 AND B-3 WERE DRILLED (N DECEMBER, 1981, USING A TRUCK-MOUNTED
CME-55. THE REMAINDER OF THE BORINGS WERE DRILLED WITH A TRUCK-MOUNTED
CME-75 IN DECEMBER, 1881, AND IN JANUARY AND MAY, 1982,

EMGINEERING PROPERITES OF SUBSURFACE MATERIALS ARE OPINION OF THE
ENGINEERING GEOLOGIST, EXCEPT WHERE LABORATORY TESTING WAS CONDUCTED.

THEBQRING LOGS AND RELATED INFORMATION DEPICT SUBSURFACE CONDITIONS ONLY
AT THE SPECIFIC LOCATIONS AND DATES INDICATED. SOIL CONDITIONS AND WATER
LEVELS AT OTHER LOCATIONS MAY DIFFER FROM CONDITIONS OCCURRING AT THESE
BORING LOCATIONS. ALSOQ, THE PASSAGE OF TIME MAY RESULT IN A CHANGE IN THE
CONDITIONS AT THESE BORING LOCATICONS.

TRANSITIONS BETWEEN SOIL TYPES MAY BE GRADUAL AND ARE APPROXIMATELY AT THE
ELEVATIONS SHOWN,

STANDARD PENETRATION TESTS WERE TAKEN IN APPROXIMATE ACCORDANCE WITH
ASTM D15886.

SAMPLES WERE EXAMINED IN THE FIELD AND VISUALLY CLASSIFIED IN APPROXIMATE
ACCORDANCE WITH ASTM 2488.

OPEN STANDPIPE PIEZOMETERS WERE INSTALLED INBQRINGS B-1,3,5,7,11,13,14, AND 21,
ALLPIEZOMETERS CONSISTED OF APERVIOUS PVC TIP THAT IS 18-INCHES LONG, 1.5-INCH
INSIDE DIAMETER, AND HAS NOMINAL 0.010-INCH SLOTTED OPENINGS WITH 1/4-INCH
SPACINGS, ALL TIPS WERE PACKED WITH 3/8-INCH PEA GRAVEL. RISER PIPE CONSISTS OF
3/4-INCH PVC PIPE, WITH APPROXIMATELY 0.5-FEET OF STANDPIPE ABOVE THE GROUND
SURFACE. SEE INDIVIDUAL BORING LOGS FOR POSITION OF PERVIOUS TIP, ZONE OF
GRAVEL-PACKING, AND LOCATION OF BENTONITE SEAL(S).

D-3 BORING LOGS

CHaM
saHILL




LETTER

GRAPHIC )
MAJOR DIVISION| DESIGNATION SYMBOL DESCRIPTION
GW Well-graded gravel ar gravel-sand mixtures, little or no fines
=
% 8 GP Paorly-graded gravel or gravel-sand mixtures, little or no fines
27
Sa
" 4> GM Silty gravel, gravel-sand-silt mixtures
- | &%
9 a
ES GC y /. Clayey gravel, gravel-sand-clay mixidres
= . ;
<
o
O SW Well-graded sand or gravelly sand, little or no fines
&
i
3 p
Q g g SP Poorly graded sand or gravelly sand, little or no fines
o I
23
< % SM Sitty sand, sand-silt mixtures
n
1%
SC ‘Clayey sand, sand-silt mixtures
N ﬁ ML Inorganic silt of low to medium plasticity, graveliy silt, sandy
2 3] silt, clayey siit
'J ; "
°g 7  —— :
] 5 CL / Inorganic clay of low to medium plasticity, gravelly elay, sandy
%] % o / clay, silty clay
:‘J e ; { 3
5 | £3 :
= = oL Organic silts of low plasticity
[m] oL
w (@]
=
§ - ’2 MH Inorganic silts of high plasticity
g >3
E Se
-
T 0 Z 7
g 2 CH Inarganic clays of high plasticity
<
9 7
- E OoH // Organic clay and silt of medium to high plasticity
7]
o
o
HIGHLY e
ORGANIC PT Tees Peat and other highly organic soils
SOILS = e
EILL Fill, variable composition
——
ROCK —_— Siltstone

GRAPHIC COLUMN LEGEND CHoM
: SRHILL

D-4




SHEET l OF3
PROJECT NUMBER

CH2M \
SaHILL P1Sbon. AS
SOIL BORING LOG
PROJECT TR LIty STP ) LQCATI|0N DREGON C,ITY' OREGoON
ORILUING METHOD_ROTARY MUD, CME-SS  pritienrs & quipmenT L, XKENNER of OREGON, INC.
eLevaTion 42.51 FceT BORE HOLE:_B-l
WATER LEVELSEE TEXT DATE:____ sTART:J2[21 /81 pinise: _12[22/82 iNnspecTor CWH
SAMPLE STANDARD SOIL DESCRIPTION g 2.4 COMMENTS i
(FT) pw PENETRATION 9 9,58
w | g r | &~ | TEST RESULTS | (COLOR, RELATIVE DENSITY OR u |aoZ| (DRILLING PAOGRESS,
+z22| 2 w | 9@ CONSISTENCY, MOISTURE, GRAIN T |wzi| LOST CIRCULATION,
~ow | & 2° |1 8z BLOWS | BPF | sHAPE AND TYPE, STRUCTURE, C: Z8z| TYPE OF DEPOSIT,
42% | £ s | g¢g CEMENTATION, ORGANICS, g |3<5| rrROBLEMS, ETC)
tan | Z 2" | = | 8"8"6" | "N | MATERIAL) 8 |30F
T : START  DRILLING aT
= n2s i
4 LAMDOWNER MOTES
FiLL MIGHT HAUE ;
1 BEEN DUMEED oV -
S)TE DupinG CONST-
1 RUCTION 0F 2-205
5 5.0 .
SAND, SIMILAR TO S-| (58 BE6IN WiTH DRAG- | -
1 sr=l| 2l | = = — ELOW) BiT CHANGE TO -
- LLER &IT AT 249
1.0 RoLLER i
] SAND, FINESAND W ITH LESS ' |
Y, NoN-PLASTIC FINEs, BRWN, I3
o _ e U TH,‘-‘-‘N 50 N f; .
85 S| 7 222 4 MoIsT, \/gjay LOOSE - ’ i
jo —2-2 ; -_
SAND, SAME AS S-| J:’"
e 82 7|22 | 3 T
.0 -]
15 SAUD, Same” AS s-]
1165 S| 7 | 235 Q 1
200 . ]
“ SILTY SAMD, SIpIcARTD S-1
15|54 17 |2-2-2 | 4 |EXEPT 20-15% NON-PLASTIC §: hE
Fiues
& 1 ~_'—|:. :
51 Y Deiter Uortsgév‘%'_ B
" s PRIING AT 2HYFET |-
ey 25550 SANOY GRAVL, POORLY 6RADED Y M1XMORE MuD AT
Sl . Qg [WEU- ROUNOED GRAUZL AT o 2.5 FT,
1265 | 22| ' [Portibtb) 2 | /s per TO IVTives , 20% Fike-Toge 1
4 COARSE SAHuD, MESTLY MEDIUM § 8 . |
APOGT S% AN -PLASNC FINES e Siow RousH DRILLING |
WET, BRowN AND BLACK VERY . g0, TO Y6 FT B
Dewnez, _
] D-5

FORM D 1585 5/73
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SHEET Z oF =

PROJECT NUMEER
PIS600. AS
SOIL BORING LOG
pROJECT IR CiTY  STP LocaTION _OREGDN CJFT'Y[ OREGAN
DAILLING MeTHop _MUD ROTARY .CME -5 DRILLEAS & equipMeNT Don KENNER (OFOREsoN, [NC.
ELevaTion__42.51 FEET : BORE HOLE:_ P -l
WATER LEVELSEE TEXT pate: sTART: 1221181 pinigH: 1222181 inspECTOR CWH
SAMPLE STANDARD SOIL DESCRIPTION 8 |2 2 COMMENTS
U:T) = = PENETRATION S (3% B
8l = « | &z | _TEST RESULTS | (COLOR, RELATIVE DENSITY OR v |pof| (DRILLING PROGRESS,
zg2 | 2 w >u CONSISTENCY, MOISTURE, GRAIN - [ T [iy=&| LOST CIRCULATION,
FoL | & S eZ BLOWS BPF | SHAPE AND TYPE, STRUCTURE, & |&@g| TYPE OF DEPOSIT,
sa% | & 5 | g2 CEMENTATION, DRGANICS, £ |z%G| PROBLEMS, ETC.)
Dawn | £ z = 6"5"5" “N" | MATERIAL] @ |30k :
30 | =@ SANDY GRAVEL.y SIMILAR O |43 05T CIRCULRT O A
E5-{0 ] i r ST CULRTIY
315 | S-¢ g 757 *”-‘7’?_" S-5, WITH ABOUT 30% GRAVEL, 1 g |2ser 32 anD 35
- [FT, RS OUILED MIkING ¢
N Maee ruo, b
S ' RECOVERY "
- No REcOVE ArE COARSE, ANGLLA
135,5 S-7 o [,,D!su Gyu SSHUD cu';'-,—juz"s ;Mlﬁj
s sAmPLE TILB,
] CRILLER WOTES SAMID -
LEnus AT 37-28 FT.
Ho—H0 e B |
S - 0 NO RecoveRy SAMPLER BounceD T
4515 \5 o | kg 6’/3:. OuginG sPT |
LBSE CIRCU LATIoMAT
- 43ET, -
VERY HARD,5L0w
7 DRILLING, -
APD New TRI LoNE
4 BIT ATA3FT, .
L — O RECOVERY DRILLER NOTES CHAMGE] - -
J6.5 5"31 bt’/ @0, N DELING RATE (UP)| ™
1 o H! 4" AT YLET, ¥
- SAMPLE SS-lo PROBAELY ™
fellouToF TUSE OV 7
] . TRIP UP, SILTY SAND |
CAYED O SAMELER
S6.0
5 ILTSToiiE—? HIGHLY WERTHERED o
-TO-MER-
- SHO| 18 | 7-ni-l PLASTICITY, B-10% Fine-T0-M
515 -l 27 Iur| SAND IN UPPER q INCHES, ML T
- DARK GRAYISH -6BEEN WITH |
ORANGE BROWN AND YELLOWISH
1 . { METTUING MoisT vary STIF, |
= |85.0
1 5 57T-2| 12| — — - |
Rk SILT, SAME S $-10 4
'5%_'5 s 8 | 5ol |27 ML J
END) BORING AT 583 F&EET Pl el IRILING AT
berT - =

FORM D 1586  &/78
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SHEET 5 oF 3

PROJECT NUMBER

P15 600. AS

SOIL BORING LOG

prosect _TRI CITY STP

LocaTion . QREGON CITY, OREGON

pRILLING METHOD MUD ROTER‘]’)( ME-55

DRILLERS & EquiPMENT _D. KENNER OF OREGON. INC,

ELEVATION 2251

BORE HOLE:_ &-

BauTon e SERL:

RISER-PIpE_LehsTH, 40 FES

WATER LEVELSEE TEXT DATE: sTART: 2021181 pinisH: _ 12[22 181 inspEcTOR CWH
’ SAMPLE STANDARD SOIL DESCRIPTION 2.3 COMMENTS
= = PENETRATION Qqa
wl| 2 © | €5 | TEST RESULTS | (COLOR, RELATIVE DENSITY OA ot 2| (ORILLING PROGRESS,.
rzx | 2 ] =i} z CONSISTENCY, MOISTURE, GRAIN @& | LOST CIRCULATION,
Fau | & 2 | 3E | BLOWS | BPF | SHAPE AND TYPE, STAUCTURE, 92| TYPE OF DEPOSIT,
¥as5| e 3 g3 CEMENTATION, ORGANICS, <& | PROBLEMS, ETC)
ami | £ 2 e | 666" | “N" | MATERIAL) Sor
Ple20 METER NSTRIATION NoTZf BORING [0G-
LEGEND) .
Place MENT OF osRuigus T2 OF|AT 35.5 =T, 8o ™M
LRttt -
AT 40.0FT.
T . T -
GRAVEL PACK: FRoM 585 FT 244 [FTy "
--—-—'—"'-—__-
FRaM 24| To | 249 |FT.

-

-

FORM D 15886 8/78



SHEET | QFB

PROJECT NUMBER

PI5600.AS

SOIL BORING LOG

PROJECT _TRI CITY STP

DRILLING METHoD_MU D R‘om(?‘r“ CME-55

LacaTion__OREGON C ITY OREEGCN

DRILLERS & EQUIPMENT JJOM KEANNER DE 0Rz40N, TNC

eLevation_ Ho 13 FT. BORE HOLE: B-3
waTER LEVELSEE TEX T pate: starT: (22 8] pinisw: (2|23 8] insecTor CWH
( FT) SAMPLE STANDARD SOIL DESCRIFTION a2 12.3 COMMENTS
" > PENETRATION J (24
wlx z | &5 | _TEST RESULTS | (COLOR., RELATIVE DENSITY OR o [a22| (DRILLING PROGRESS..
2 | 2 w >w CONSISTENCY, MOISTURE, GRAIN T |w=®| LOST CIRCULATION,
Fouw | S | ©F | _BLOWS | BPF | SHAPE AND TYPE, STRUCTURE, & |z8z| TYPE OF DEPOSIT,
Bus | & 5 | 82 CEMENTATION, ORGANICS, = |2%8| PROBLEMS, ETC.)
Caz | 2 zZ | = | 6'8"8" | “N" | MATERIAL) ¢ |330F
ISTART DRILLING AT
_ 235 4
1 :
I BEGIN WITH DRAG }
20 ]IT. QH.AM.C:AE' ™ -
; o IT AT 25.5F7)
3 y SONDY SILT, Now 7O SLIGHTLY RILELA.G . |
4 - ([ LASTIC FINZES, RBouT 25% FINE :
s |2 18 |-z G SAND, BRoWN, MOIST VERY SoFT,; e T
7.0 5
I ST-l{2t | - == | - -
4.0
lo 10.D J
; SAUDY SILT, S/MILAR TO S-/,
0l 9
s |32 & | 222 | A4 |WIiTH 30-40% Five SauD. ML ]
1S IS0
SILTY SAND: FINE SAND wiTH 1=
- LY CLAsSnCqALiE
aT2| 19| — — =| — |52 NON TB SLI6H $345aE J
7.0 FIES, BRown, WET, VERY SoET I o
TO FIRM., A
20.0 rov .
20 SILTY SAMD! SIMILAR T ST-Z, -
=15 lN&b I
1015133 2 | 3-4-5| 9 |wimH IO 3% F . 1
I DRILLER MOTES
GRAVEL AT 13,5FT: 7
1245 . i 3 :
ANOY 5R_AUEL.Pac!2LV-6EAD:D » RoUGH )
25— Sy 13252 A ses GRAVEL To ATLeAsT Ik 8 ) e To 485PL
2.0 g 02| O | ey MAKIMULM S12€, 5-10% 9
Aon PLASTIC FINES, BRMWNTD [g 7 E
A BLACK ,WET) VERY OeN3E. ; |
2ot D= .
e A e T e T - FORM D 1586 5/78
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2M
FHILL

SHEET 2 O'FEA

PROJECT NUMBER

P15 (00 A5

SOIL BORING LOG

prosecT LRI CITY \WWTP

DRILLING METHOD_MUD ROTARY L (ME -55

LocaTion_OREGoON L \TY  ORE

GoM

SRILLERS & EauipMenT _D-KENNER OF OREGON, TN

eLevaTion b3 FEET HORE HOLE: B-3
WATER LEVELSEETEYXT paTe: starT 12122 181 pivisw: 12023181 INSPECTOR _CW H
‘ SAMPLE STANDARD SOIL DESCRIPTION a [+ 4 COMMENTS
(FEET> 2 > PENETRATION B 8‘8 L4
wl g x | T | TEST RESULTS | [COLOR, RELATIVE DENSITY OR v |aS2/| IDRILLING PROGRESS, | -
=3 | = a | S8 - CONSISTENCY, MOISTURE, GRAIN. T |wgzé| LOST CIRCYLATION, [ -
£os [ & g | azx BLOWS | BPF | SHAPE AND TVYPE, STRUCTURE, 5 |z#Bz| TYPE OF DEPOSIT.
Gag | = 3 2% CEMENTATION, QRGANICS, = |3%5| PROBLEMS, ETC.
bmn | £ z c= | 6"-8"6" | "N” | MATERIAL} & |JbF
{215 |55] 3 |242%6 |44 : Pt M [FOR €5-5 MENT
BEY —68 A SMID LENS
' ¥ad :
s 1350 - -
522 Sl . 2o | NO RECOVERY -
i \ 0 °/7," A T |
4Und
L SaUDY GRAVEL,SAME AS S E
S-7 L0 GO/ |20NRY GER=s :
41413 % 1A% : 4r! 4
c_45.0 4
= S8 o7 | No RECSVERY 4
1452 \\ O Lholzu /l” ) |
| LLER NOTES iE
i EEAR}GE& IH éeiu.mei :
RATE (UP) AT HE5 AT
s0—30:2 0 |LTSTONE ! HIGHLY EUE;‘T!:‘?'?%D’ ~}
T oy .a L ‘l\)‘
. - 2b-54-GY, ;/u 0~ FINE TO MeDilt L |
s8> 1 (’%/‘ q MQE{TM HAED, HRAY WiTH BLUE
- GREEN AND WHITISH MOTLIMG] i
2B HILY MoteT, VERY DEMSS. J
A S SiLTSTONE, SAME AS -9, B o
o[>© 251G 5’7_/
S(DD __\“\\ }4" /LP' ./D}; M——— ‘
| END BORING AT 56.0 FIEET E’wt“ﬁgom”-l—w& 1
D- i
b ° .

FORM D 1586
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SHEET \ OFS

CHaM PROJECT NUMBER

=RHILL P15600.A5
SOIL BORING LOG

prosECT_ I R1 CITY WTP LocaTion. OPZGoR CIT.. BZ o]

DRILLING METHOD ROTARY MUD, (Me-T5

ELevaTion. A4S FEET

BRILLERS & sourment . KENNER OF e Gon, INC

BORE HOLE: 25

WATER LEVeLSEE TEXT paTE: START:_ 112|182 rivisw: I,UDJBZ iNspecToR CUI H
CFT\ SAMPLE STANDARD SOIL DESCRIPTION g 2.3 COMMENTS
= > PENETAATION 3 [3=a
wl g x | Gz [_TEST RESULTS | (COLOR, RELATIVE DENSITY OR o |o82| IDRILLING PROGRESS,
x| 2 g | ¥8 ‘ CONSISTENCY, MOISTURE, GRAIN T |wz®| LOST CIRCULATION,
Faow | g |23 BLOWS | BPF | SHAPE AND TYPE, STRUCTUSE, & |T#z| TYPE OF DEPOSIT,
SusS | & s | 8¢ CEMENTATION, ORGANICS, = |2<3| PROBLEMS, ETC.)
Oon | Z Z | o= | 6"6"6" | “N" | MATERIAL) @ |3GF
START DRILING &7
b 250 -
5 150
g éf-\j\iﬁgﬂ NOK gmsw} {lAeouT —
J -1 - 359, FinE SAKD BROWN, NCET, |
5 S ' | l z VERY SoFT TD skt ML
2.0
16 100
SAUDY ST, sAme AS S-|, M i
- 2002 | =i L J
ns |S2|! iz
(=50
IS SAMDY SILTSIMILAR TO S, .
T S3| 9 1-2-1 | 3 |WITH ABoUT 4o FINE TAKES ML ]
0.
120 |
.o g2\ 24| — ——| — ]
0 SANGY SILT SAniE AS S-1 -
1oy |54 14 | 1-1-3 | 4 ML |
512200 v e
CoorRL GRADED FINE L T
3|5 LB, 5o10% Non PLASTIC HEHHISD- ]
120,565 S5 -3-7 | 10 | Biias JB\,@LL._ Moist LoosE T sm .
] CRILLER NOTES |
GRRAYEL AT FTFZE0
2yt | D-10 4

FORM D 1586  5/78



3 SHEE=ET 3 oF

PROJECT NUMBER
CHoM :
asHILL - Pi1S000. A5
SOIL BORING LOG
sroseer IR CITY STP LocaTion _OREGON CITY, CREGaN
DAILLING METHOD MUD ROTARY (ME-T5 ORILLERS & EQUIPMENT _D.KENNER OF OREGOM, INC.
gLevation___ G415 ET BORE HOLE: B-5
waTeR LEVELSEE TEXT pate: stanT:_thz 182 misw: 1113182 INsPECTOR _C VW H
SAMPLE STANDARD SOIL DESCRIPTION g |2 4 COMMENTS
= = PENETRATION g |343 .
o< @ | T | TEST RESULTS | (COLOA, RELATIVE DENSITY OR g |a22| IDRILLING PROGRESS,, |
tz3| 2 i CONSISTENCY, MOISTURE, GRAIN T |G @ | LOST CIRCULATION, ' |
Fow | § S | gz | BLOWS | BPF | SHAPE AND TYPE, STRUCTURE, & |£Hz| TYPE OF DEPOSIT,
Eas| & 5 | 8% CEMENTATION, ORGANICS, < [£%3| rroBLems, £TC)
Smn | Z 2 c= | 66”67 | ‘N | MATERIAL) v %u?
@ DIRILLER WEMees Nu
1 —— CUAIEE N DRILLIVG
RAms TO S EL
o D . =
1S vt TS, SIMILAR TO S-1l, B3
“lwsa le-12 - e SILTST ,Sn el
q |28-¢ W E=eT FOR LoCAL BLUE =
- 'R!/ 9/& 1 A - BQ:U-;(\! —
=8 G PsEN AND ORANS
L=} '
fi Yo TTL e —
_1 .‘—— - -
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