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Phase II Refinement Report
BOONES FERRY ROAD REFINEMENT PLAN

1. EXECUTIVE SUMMARY
The City of Lake Oswego contracted with HNTB Corporation
to develop a preferred Boones Ferry Road refinement plan to
advance design studies as set forth in the Lake Grove Village
Center Plan toward the plan’s described “35% Engineering
Plans” goal. Working within the available funding, HNTB’s
limited scope included development of a plan identifying center
line alignment, locations for turn lanes and center medians,
intersection configurations, necessary right-of-way acquisitions,
and pedestrian and bicycle improvements. As a result of this
work, HNTB has created a framework for further work identifying
phasing options, a stormwater management/green streets
system, coordination of underground utilities, ADA compliance,
and resolution of other issues as required prior to initiating design
development of detailed engineering plans. This report describes
the design process, assumptions made, opportunities and next
steps for future phases of the project.

Fig 1.

2. PROCESS OVERVIEW
The HNTB Design Team worked closely with City staff and the
Boones Ferry Road Refinement Plan Phase II Project Advisory
Committee (PAC) to complete its scope of work. The Design
Team, City staff and the PAC comprised the “Project Team”. The
design team met with the PAC monthly, with additional meetings
and workshops as needed. The Design Team, led by HNTB’s
Project Manager, Terry Song, PE, presented conceptual design,
explained engineering processes, identified areas requiring
community input, and answered PAC member questions. Design
team members Brian Copeland, PE (DKS Associates’ Traffic
Engineer), Dave Elkin, ASLA (GreenWorks PC’s Landscape
Architect), and Todd Chase, AICP(FCS Group Economist) attended
as needed. The project team held two (a third is planned) Public
Open Houses at project kickoff, preferred alignment and (future)
Phase II completion milestones.
Fig 2.
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3. DESIGN CRITERIA AND GUIDANCE
GREAT, GREEN AND COMPLETE STREET GOALS
The Lake Grove Village Center Plan stated four goals related to great,
green and complete streets:
Goal 1: Transform Boones Ferry into a Great Street
Goal 2: Enhance Alternative Modes of Travel
Goal 3: Enhance the Pedestrian Environment and Connectivity
Goal 4: Protect Natural Resources and Enhance the Natural Environment
Within the Village Center
Three street classifications were identified in the project area. The
following are classifications per transportation system plan from the City
of Lake Oswego Comprehensive Plan:
Major Arterials: Boones Ferry Road, Kruse Way
Collectors: Bryant Road, Quarry Road, Oakridge Road, Reese Road,
Firwood Road
Local Streets: Madrona Street, Lanewood Road, Red Cedar Way,
Mercantile Drive, Douglas Way

DESIGN STANDARDS
The project team considered several sources for design standards:
City of Lake Oswego Standards
Lake Grove Village Center Plan
Transportation System Plan
Engineering Standards
American Association of State Highway and Transportation Officials
(AASHTO):
A Policy on Geometric Design of Highways and Streets
Guide for the Development of Bicycle Facilities
Guide for the Planning, Design, and Operation of Pedestrian Facilities
Roadside Design Guide (2006)
NCHRP Report 562, “Improving Pedestrian Safety at Unsignalized
Intersections” (2006)
Metro – Creating Livable Streets, Street Design Guidelines
Oregon Department of Transportation (ODOT)
Oregon Bicycle Plan
Signal Design Manual (2007)
Signal Policy and Guidelines (2006)
Transportation Research Board (TRB)
Highway Capacity Manual (2010)
Federal Highway Administration (FHWA)

Fig 4.

Fig 5.
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Manual on Uniform Traffic Control Devices (MUTCD, 2009) including
Oregon Amendments
Illuminating Engineering Society (IES) - RP8-05 (2005)
Institute of Transportation Engineers (ITE) - Traffic Control Devices
Handbook (2001)

PREVIOUS STUDIES
Previous studies have been done of the Lake Grove Village Center and
Boones Ferry Road. Those studies include:
Lake Grove Village Center Plan
Boones Ferry Road Corridor Plan (2001) - Kittleson & Associates
Boones Ferry Road Concept Plan (2005) - Kimley-Horn
Boones Ferry Road Refinement Plan Phase I (2009) – DKS Associates
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4. PHASE I REFINEMENTS
PHASE I PURPOSE
The Boones Ferry Road design adopted in the LGVCP was evaluated to
understand how well it will operate in the long-term, and to highlight
circulation and safety issues that would require refinements to better
meet plan objectives. The study focused on evaluating mobility, safety,
and accessibility along the Boones Ferry corridor and the adjoining
neighborhoods. This study identified elements that appeared to not
adequately meet the demands of the non-motor and motor vehicle
systems along the Boones Ferry corridor and recommended refinements
to the Plan. Due to the limited scope of Phase II, recommended
refinements were filtered to defer refinements without major right-ofway impacts to Boones Ferry Road to future phases. The Phase II
Design Team further developed the refinement concepts and reviewed
potential solutions with the PAC. Descriptions of the refinements and PAC
resolution are shown in the table on the following pages.

Fig 6.
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3-9-11 Boones Ferry Road Refinement Plan – Refinement Analysis Table
#

Proposed Refinement from
BFR Phase 1 Study

Purpose

DKS
Recommendation

Impact to
BFR ROW

Signalization
S-1

N-4

BFR and Madrona - Add a
signal at Madrona/ Remove
the signal at LG Shopping
Center
BFR at Lanewood – Provide 4way access to intersection

More even
spacing of
signals

Recommendation

Improve
function

Consideration

Yes

Plan Consistency

PAC

Considered by
LGVC Advisory
i

Addressed
directly in

Amendment
Required?

Action

No

No

Yes

Approve
w/
cond.

Maybe

Yes

Yes

No

1

Approve
w/
cond.

2

Turn Pockets and Deceleration Lanes
Improves
operation to
LOS C

Recommendation

Yes

No

No

No

Reject

SB BFR and Bryant (Alt. 1) –
Extend the existing BFR to
Bryant left turn pocket to 500’

Improves
operation

Consideration

Yes

No

No

No

Approve

SB BFR and Bryant (Alt. 2) –
Add a second left turn pocket
for turns onto Bryant –
maintain median

Improves
operation

Consideration

Yes

No

No

No

Reject

S-4

NB BFR – SE of Bryant - Add
deceleration lane into LG
Shopping Center

Improves
traffic flow
and safety

Recommendation

Yes

No

No

No

Reject

S-6

NB Bryant – left turn pocket
onto BFR

Improves
traffic flow

Consideration

Yes

No

No

No

Approve

C-3

BFR at Oakridge/Reese Extend NB and SB BFR turn
pockets to 200 feet

Improve traffic
flow

Recommendation

Yes

No

No

No

Approve w/

BFR at Mercantile – Extend
NB BFR left turn pocket to
200’

Improve traffic
flow

Recommendation

N-2

BFR – N of Oakridge – Provide Improve traffic
deceleration lane into the
flow
Post Office

Recommendation

S-5

BFR – SE of Bryant – Install a
mid-block pedestrian crossing
in place of the LG Shopping
Center signal

S-3

SB BFR and Bryant - Add a
second left turn pocket for
turns onto Bryant

S-7
Also
See
S-3
S-8
Also
See
S-3

N-1

cond.
Yes

No

No

No

Approve w/
cond.

Yes

No

3

4

No

No

Reject

Approve

Pedestrian Crossings
Also
see
S-1
C-6

N-3
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Recommendation

Maybe

Yes – as
part of
traffic
signal

Yes – as part
of traffic
signal

Yes

BFR – between Bryant and
Improve safety
Reese – Use HAWK signals for
pedestrian crossings

Consideration

Maybe

Yes

Yes

No

BFR at Red Cedar - Use HAWK Improve safety
signals for pedestrian
crossings

Recommendation

Maybe

Yes

Yes

No

Boones Ferry Road Refinement Plan

Improves
spacing of
pedestrian
crossings

TBD

5

6

TBD

#

Proposed Refinement from
BFR Phase 1 Study

Purpose

DKS
Recommendation

Impact to
BFR ROW

Plan Consistency
Considered by
LGVC Advisory
i

PAC

Addressed
directly in

Amendment
Required?

Action

7

Yes, if public
street

Reject –
connect

Alley and Accessway Projects
S-2

Madrona to Sunset – Add a
backage road connecting the
streets

Relief for the
Bryant/ BFR
intrsctn

Recommendation

No

Yes

drives

Alley – E of Bryant – Extend
the existing alley from Brant
to Reese Rd

Alternative
access

C-2

NW side of Boones Ferry –
Coordinate lot-to-lot access
and driveways

Alternative
access

S-9

Waluga Dr. and Firwood Rd. – Reduces cutthrough traffic
add traffic calming and cutthrough mitigation

Consideration

No

No

S-10

Firwood and Bryant Roads –
Add sidewalks and bikelanes

Pedestrian and
bike
connectivity

Consideration

No

Yes

C-4

Quarry/Oakridge/Reese – add Reduces cutthrough traffic
traffic calming and cutthrough mitigation

Consideration

No

No

C-5

Quarry/Oakridge/Reese –
Add sidewalks and bikelanes

Pedestrian and
bike
connectivity

Consideration

No

Yes

N-5

Lanewood/Douglas Way –
add traffic calming and cutthrough mitigation

Reduces cutthrough traffic

Consideration

No

No

N-6

Lanewood/Douglas Way –
Add sidewalks and bikelanes

Pedestrian and
bike
connectivity

Consideration

No

Yes

C-1

Partially

Recommendation

No

Yes

Partially

8

Yes

Reject –
connect
drives

Recommendation

No

Yes

Yes

9

No

Approve

No

Approve

Side Street Projects – Traffic Calming and Pedestrian/Bike Improvements
No

Partially

10

Reject
Yes w/ bikelane
on Firwood, but Firwood bike
lane
not for a shared
route

No

Partially

11

No

Approve

Yes w/ bike
lane on Oakridge/Reese but
not a route

Reject
Oakridge/
Resse
bikelanes

No

Approve

Yes, for a bike
lanes

Reject
Lanewood/
Douglas
bikelanes

No

Partially

12

Table 1. Refinement Analysis

1 Approved; traffic calming mitigation will be provided to discourage vehicles trips cutting through the neighborhood.
2 School access driveway shall be one-way out to Boones Ferry but should be designed to accommodate future two-way traffic.
3 Make pocket no longer than necessary.
4 Make pocket no longer than necessary.
5 To be determined during the engineering phase.
6 To be determined during the engineering phase.
7 The plan requires connected driveways through parking lots. The connection would not be as direct as an alley or local street.
8 Plan requires connected driveways through parking lots. The connection would not be as direct as an extension of the existing lane.
9 The plan requires connected driveways through parking lots.
10 The LGVC Plan calls for a shared bike route on Firwood and an undefined bikeway (lane, path, or shared route) on Bryant.
11 The LGVC Plan calls for shared bike routes on Oakridge and Reese and an undefined bikeway (lane, path, or shared route) on Quarry.
12 The LGVC Plan calls for shared bike routes on Lanewood and Douglas Way.
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Fig 7.
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5. PHASE II DESIGN
The Phase II design effort built upon the concepts from previous studies and
from the updated information developed in Phase I. The project team advanced
the roadway design in several important areas including street cross-section,
centerline alignment, intersection layout, evaluating constrained areas, and
analysis of bike/ped facilities, green street options and economic impacts.
Design development included the integration of the PAC direction regarding the
22 refinements from Phase I. Summaries of the design efforts in these areas
are described below.

ROAD ALIGNMENT
Preferred Alignment (See Appendix A)
The draft conceptual alignment was reviewed by the Design team, the PAC and
the City. The Design Team incorporated input from the PAC and from public
open houses, and applied the constrained segment strategy to achieve the
preferred alignment.

Decision Process
An initial baseline alignment based on the existing physical striped centerline
of Boones Ferry Road was developed. This alternative was based on
approximately equal widening on both sides from the existing curb line. As a
baseline, this strategy would have required eventual realignment and crosssection modification to achieve a preferred alignment balancing the Plan
goals and physical limitations. Elements of both the approximate right-ofway centerline alignment and the physical centerline alignment were used to
develop the conceptual baseline alignment.
The baseline alignment was reviewed by the Design team, the PAC and the City.
Areas where existing buildings or other alignment constraints were identified for
discussion and resolution.

Roadway Centerline
The Design Team reviewed available GIS-based property line information and
published assessor’s parcel maps to determine the approximate existing
right-of-way location. After review of the available data and consultation with
the City Surveyor, it was concluded that a single documented centerline for
Boones Ferry Road was not available and a right-of-way retracement effort was
outside the scope of this phase. The design team relied on the available data
to develop a centerline that met engineering design criteria for alignment and
prioritized balanced overall right-of-way acquisitions in the corridor.

Boones Ferry Road Phase II
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INTERSECTION DESIGN
Starting with the recommendations in the Boones Ferry Road
Refinement Plan – Phase 1 report, the design team evaluated
refinements accepted by the PAC (e.g. relocation of signal to
Madrona, Bryant Road turn lane configurations), refined required
left-turn storage lengths and confirmed accommodation for
u-turns.

Madrona
In accordance with the recommendation of the PAC, the signal
previously proposed for the Lake Grove shopping center southern
access was relocated to Madrona. The proposed west curb line on
Boones Ferry Road was aligned with the recently constructed curb
line south of the Madrona intersection and the baseline street
cross-section for a signalized intersection was applied. A curb
relief was applied on the northeast corner to accommodate u-turns
at this location.

Lake Grove Shopping Center South Access
The proposed signal at this location was relocated to the Madrona
intersection. A southbound left-turn pocket was designed to allow
southbound access to the property. Egress from the property at
this location will be right turn only.

Fig. 8

Bryant Road
In accordance with the recommendation of the PAC, the Design
Team developed the “500-foot-long SB left turn lane” alternative
for Boones Ferry Road at this location. The westbound approach
was reconfigured with dedicated left turn, through and right turn
lanes.

“McDonald’s”
The baseline signalized intersection cross-section was applied at
this location. A curb relief was applied on the northeast corner to
accommodate u-turns at this location.

Fig. 9
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Oakridge/Reese
The baseline signalized intersection cross-section was applied
at this location. The westbound approach on Reese Road was
realigned to improve geometry. The crosswalk on the north
leg of the intersection will be relocated to improve sightlines
and pedestrian safety. U-turns are accommodated at this
intersection without curb relief.

Lanewood
The baseline signalized intersection cross-section was applied
at this location. A curb relief was applied on the northeast
corner to accommodate u-turns at this location. As a result of
stakeholder input, the PAC selected a two-lane exit only strategy
for the west leg of the intersection. Future design phases
will determine a channelization signage strategy to restrict
northbound turn movements to U-turns only.

Mercantile
The baseline signalized intersection cross-section was applied
at this location. The western curb line was maintained in its
existing location to preserve lane alignment with the section
north of Mercantile.

Fig. 10

Fig. 11
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STREET CROSS-SECTION
The LGVCP recommended an 82-foot right-of-way unless additional width
was required to facilitate traffic movements. The recommended design
concept for Boones Ferry Road included:
• Four travel lanes (two travel lanes in each direction)
• Landscaped center medians
• Bike lanes on both sides of the street
• Sidewalks including tree wells or landscaped planter on both
sides of the street
• Left turn lanes at the signalized intersection. The left
turn lane requires additional street cross-section width at
intersections. The left turn lane, median and traffic signal
provide for U-turns where required to access commercial sites.
The Design Team used AutoTURN® vehicle turn simulation software to
determine the required median width at intersections to accommodate
AASHTO “P” vehicle u-turns. It was determined that a 10-foot median
width was sufficient to allow u-turns for the design vehicle. This
confirmed the desired 82-foot right-of-way width with 10 feet of additional
width for left turn lanes at the intersections was a feasible base case
for the corridor. In some cases, a small area of curb realignment will be
necessary to accommodate u-turns at intersections. The recommended
street cross-section consists of a 9’ sidewalk, a 5’ bike lane, two-11’
travel lanes, a 10’ landscaped median, two 11’ travel lanes, a 5’ bike
lane and a 9’ sidewalk (see Fig. 8) At intersections, the recommended
cross-section is widened to a 92’ right-of-way width (see Fig. 8). Revisions
to the baseline right-of-way width to mitigate adverse traffic, safety
and economic impacts are described in the “Intersection Design” and
“Constrained Segments/Stakeholder Issues” sections of this report.
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CONSTRAINED SEGMENTS/STAKEHOLDER ISSUES
The Design Team developed a matrix of constrained segments in the
corridor. The Design Team and PAC determined a strategy for revising the
recommended right-of-way width and roadway sections while preserving
the goals of the LGVCP.
The PAC recommended the following strategy for revising the street crosssection in the corridor where needed to avoid impacts:
• First, reduce the sidewalk to 5’ – The LGVCP allows for a
reduced sidewalk width prior to redevelopment and will be
dedicated as right-of-way upon redevelopment. Maintaining
the landscaped median received priority over maintaining
sidewalk width based on relative difficulty of achieving the
Plan goals upon future redevelopment, it would be very
difficult to widen the road to construct a median after project
completion. The lost sidewalk width could be recovered
during redevelopment of the property.
• Second, reduce the median width to 8’ – The project
landscape architect recommended a minimum median width
of 8’ for a landscaped median with trees and potential use
as a vegetated swale for stormwater treatment. Narrower
medians with appropriate landscaping may be considered.
• Third, eliminate the landscaped median and replace with a 2’
raised traffic separator – As noted above, this was considered
an extreme measure due to its long-term impacts on achieving
the Plan goals.

Building

9’

5’

Sidewalk

Bike
Lane

11’

11‘

Travel Lane

Travel Lane

10‘
Median

11‘
Travel Lane

11‘
Travel Lane

Constrained Corridor Cross-Section
74’
Fig. 13
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Sidewalk
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The following chart summarizes the major identified constraints and
mitigation strategy in the corridor:
Lake Music Building

Constraint: Building is at back of sidewalk; Newer building to north
Approach: Maintain 41’ setback to Lake Music Building
Impacts: Loss of parking and handicap ramp access at dentist office on
west side
Opportunity: Site redevelopment
Strategy: Used reduced sidewalk width revision, established back of 5’
sidewalk at building face
Lanewood Intersection Area

Constraint: Furniture store and Lumberyard store limit available right-of-way;
impacts to Lake Grove School landscaping; potential impact to Century Tree
at school
Approach: Consider stores as likely redevelopment sites, realign Boones
Ferry Road to reduce impacts to school, landscaping and Century Tree
Impacts: Parking impacts at retail building on NE corner of Boones Ferry/
Lanewood
Opportunities: Green Street opportunity at NW corner of Boones Ferry/
Lanewood, shared water quality facilities; realign Lanewood intersection
Strategy: Used reduced sidewalk width revision, established back of 5’
sidewalk at building face
Oakridge/Reese Intersection Area

Constraint: US Post Office and Vic’s Auto Repair limit available right-of-way
Approach: Maintain 46’ setback to Vic’s
Impacts: Property takes at USPO, Vic’s and Chevron; operational impact to
Chevron station
Opportunity:
Strategy: Used reduced sidewalk width revision, established back of 5’
sidewalk at building face
Quarry to Oakridge

Constraint: Buildings in this may be impacted by the 82’ ROW and
intersection widening footprint; alignment at north end is limited by post
office and Vic’s
Approach: Refine alignment to limit takes on both sides of Boones Ferry
Impacts: Loss of Nursery parking (head-in parking not compatible with
plan)

Boones Ferry Road Phase II
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Opportunity: Provide reinforced sidewalk to accommodate delivery truck
access; make utility relocation improvements to rear access to nursery to
allow alternate delivery access
Strategy: Aligned roadway to minimize property takes on each side of
Boones Ferry
Bryant-Firwood-Boones Ferry Road Intersection

Constraint: Shell station and Bank of America limit available right-of-way
Approach: Determined preferred refinement alternative to be a 500’ long
single southbound left-turn lane.
Impacts: Shell station access, Bank drive-through access, grade
differences on east. Albertson’s parking lot reconfiguration
Opportunity: Flatten horizontal curve through intersection to reduce
impacts to Shell station
Strategy: Flattened horizontal curve through intersection
Lake Grove Shopping Center

Constraint: Shopping center presently encroaches on right-of-way, building
on west side limits right-of-way
Approach: Determined preferred Bryant refinement alternative; eliminated
as southbound U-turn location
Impacts: Loss of parking at Wells Fargo Bank, Lake Grove shopping center
Opportunity: Redevelopment of Lake Grove shopping center, shared water
quality facilities
Strategy: Maintained minimum setback to Lake Grove shopping center;
will need to evaluate parking reconfiguration and shared parking in design
phase
Madrona Intersection

Constraint: New development on SW corner, office building on NE corner
Approach: Maintain new curb line on west side, widen to east
Impacts: Property takes on east side
Opportunity:
Strategy: Matched west side curb line with recent improvements south of
Madrona
Table 2. Contraints and Mitigation Strategies
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BICYCLE/PEDESTRIAN FACILITIES
In accordance with the LGVCP, the Design Team incorporated bike lanes
along both sides of Boones Ferry Road between Mercantile Drive and
Madrona Street. Shared roadways were chosen to meet the “bikeways”
requirement of the LGVCP for Quarry and Bryant Road. The LGVCP
identified seven new pedestrian crossing locations. The design approach
at these locations was as follows:
• Signalized crossing (when warranted) at Lanewood – Included
in traffic signal at this intersection
• Signalized crossing (when warranted) between Reese and
Bryant – Included in traffic signal at this intersection
• Signalized crossing (when warranted) between Bryant and
Madrona – Crossing provided at south access to Lake Grove
shopping center
• Unsignalized mid-block crossing with pedestrian refuge south
of Reese Road - Crossing provided approximately 400 feet
south of Reese Road
• Unsignalized mid-block crossing with pedestrian refuge north
of Quarry Road – Crossing was eliminated due to safety
concerns with queued vehicles in extended SB left turn lane
selected as refinement after Phase 1.
• Unsignalized crossing at Red Cedar Way - Crossing provided at
south leg of intersection
• Unsignalized crossing at Madrona – replaced by fully
signalized intersection selected as refinement in Phase 1.

Boones Ferry Road Phase II
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STREETSCAPE DESIGN
The intent of the streetscape design was to knit four main
elements of the new right-of-way together in a cohesive design
that reflects the character of the surrounding Lake Grove
neighborhood. Those four main elements are the ten foot wide
median, nine foot wide pedestrian zone, gateways, and public
gathering spaces.
Six alternative streetscape concepts were presented to the
Public Advisory Committee (see Appendix B). The alternatives
were developed to provide the Committee with a range of paving
materials, scoring patterns, and planting designs for discussion.
One of the alternatives, called “A Path in the Woods”, was based
on language from the Lake Grove Village Center Plan which
recommended “promoting the district’s wooded character” and to
include “features based on a theme of native tree groves, water,
and stone”. The “Path in the Woods” concept was selected as
the preferred alternative because it best reflected the overall
natural character of the Lake Grove Village neighborhood. Figure
15 provides an illustration of what the concept may look like
when implemented.
The median design will reflect the natural character of the
neighborhood through the use of native deciduous and evergreen
trees surrounded with native shrubs and boulders. It is important
that the density of the trees and shrub plantings allow for views
across the street to local businesses. The topography of the
median has been designed to vary in height along the length
of the corridor to reflect upland and lowland areas of a natural
forest. The upland areas of the median may be approximately
18” above the curb height, and be planted with drought-tolerant
native upland species. The lowland areas of the median will be
located in areas where stormwater management will be most
effective and sized to manage the required storm events. The
lowland areas will be planted with native riparian species tolerant
of stormwater and dry summers.

Fig. 14

The 9-foot wide pedestrian zone includes a 5-foot wide sidewalk,
3 1/2-foot wide planting strip, and 6-inch curb. The planting strip
is intended to reflect the natural character of the streetscape
through the use of low drought-tolerant plants bordered with
stone per Figure 14. The careful use of a select palette of

24
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Fig. 15
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materials will provide a unique and un-cluttered pedestrian experience.
Figure 14 shows a potential option for the use of the 3 1/2’ planting
strip as both a pedestrian zone and planting bed. Materials such as cut
stone or pavers could be use to soften the transition between concrete
and plantings and match the stone boulders used in the median planting.
Plant material along the street edge would support the native forest
concept in the median while being low-maintenance and drought tolerant.
Trees species along the streetscape should provide ample shade for
pedestrian while not screening views to business signage.
The two areas where gateway elements may be located are Kruse Way
and the end of the project area just south of Madrona St. Conifers and
boulders may be located in the median in these areas to provide the
feeling of a gateway at either end of the project. Further design needs to
be done during the next phase to refine the possible gateway features for
the project.

26

Boones Ferry Road Refinement Plan

Fig. 17

Boones Ferry Road Phase II

27

Fig. 18: Stormwater
Analysis

Green Street / Stormwater Management
The Lake Grove Village Center Plan requires the completion of a detailed
stormwater management and engineering feasibility study to fully assess
issues and costs associated with incorporating green streets elements
into the design and engineering of Boones Ferry Road. Per the limited
scope of work in this phase, the Design Team performed the following
tasks:
• Reviewed available site data and identified possible green
street strategies
• Performed a conceptual level hydrology study to determine
possible drainage basins and stormwater quantities for both
center median and sidewalk area based treatment concepts
• Developed green street concepts utilizing previous successful
similar projects and new treatment strategies
• This effort determined that a center median based treatment
concept is feasible. The reconstruction of Boones Ferry Road
to allow a “inverted crown” cross-section draining to the
median will require a thorough design effort in future phases.
• The inverted crown section of the street will allow for the
management of stormwater through the use of a median
bioswale down the length of the streetscape corridor. A
preliminary evaluation of the area provided by the median
for stormwater management is shown in Figure 18. General
stormwater flow patterns can also be identified in Figure 18.
During initial analysis, it was determined that the median
would be able to manage the water quality storm event
required by the City. This was based on general sizing factors
used by the City of Portland’s stormwater management
manual. Further stormwater calculations will be necessary as
the project moves into the next phase and infiltration testing
has been completed to determine the native soil infiltration
capacity.
• Median will require a thorough design effort in future phases.
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Fig. 19
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6. NEXT STEPS
The conceptual design developed in Phase II forms the basis for
continued advancement of the project design toward final plans and
construction. Areas requiring further study in order to advance the design
to provide more certainty for potential redevelopment, further refinement
of project costs and mitigation of potential conflicts include the following:

A. Survey/Topographic/Retracement
The Phase II design effort was based upon high-resolution aerial
photo and LiDAR basemapping, and utilized GIS data for property line
information. Further development of engineering plans will require
a comprehensive survey effort to retrace and establish a roadway
centerline, resolve property lines, and produce topographic basemapping
for the corridor.

B. Final Engineering
The LGVCP described two levels of “Boones Ferry Road Corridor
Engineering Plans”, a “35% Engineering Plan” and a “65% Engineering
Plan”.

C. From the LGVCP:
35% Engineering Plan
The 35% engineering plan identifies constructability issues, necessary
right-of-way acquisitions, and establishes the framework for the final
design, such as grade, slope, sub-base of road and undergrounding of
utilities. The 35% engineering plan includes the following: Evaluation
of centerline alignment to balance engineering and safety needs with
reduction of impacts to adjacent properties, where technically feasible;
Assessment and design for mitigation of specific economic impacts to
adjacent properties including existing buildings, parking supply, access,
delivery access, and business operations during street construction; and
preparation of preliminary cost estimate

65% Engineering Plan
The 65% engineering plan provides sufficient design information to allow
the City to provide a private developer with preliminary plans that form the
basis for the completion of detailed engineering plans for a segment of
the roadway adjacent to a proposed development.
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A primary goal of the limited scope undertaken in Refinement Plan Phase
II was to address elements of the 35% engineering plans directly related
to the Boones Ferry Road alignment. The actual work product remained
conceptual in scope and focused on the evaluation of the centerline
alignment and balancing right-of-way impacts. The 65% Engineering Plan
goal of providing preliminary plans that form the basis for the completion
of detailed engineering plans by others for individual segments of the
roadway was reviewed by the project team and this strategy was found to
be unfeasible. Achieving the LGVCP goals of constructing a median with
green street elements will require extensive regrading of the roadway
to achieve suitable drainage patterns for stormwater treatment. This
combined with the roadway widening would make it impractical to
construct the project in small segments in front of individual properties.
Each segment would require constructing extensive interim transition
areas beyond the segment’s limits.
The disadvantages of constructing in the ‘small segments’ approach
include:
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Transition Element

Issues

Change in roadway
cross-slope from
crown to inverted
crown

Length of transition needed to make a smooth profile
Drainage issues
Relocation of gravity utilities (sewer, storm drain) would be
difficult to accomplish in a piecemeal manner

Transitions in
roadway width,
partial medians,
and alignment

Additional construction cost
Non-sustainable, each transition area will need to be
reconstructed with each new segment
Lane shifts will disrupt flow of traffic
Costly transitions from existing above ground utilities to
underground
Relocation of gravity utilities (sewer, storm drain) would be
difficult to accomplish in a piecemeal manner

Piecemeal
Construction

No guarantee the entire corridor will ever be completed
Partial median will become a traffic hazard
Major repeated impacts to businesses in the corridor
Changes in design standards (e.g. ADA) will cause design
inconsistency
Changes in materials, and products will cause visual
inconsistency

Difference in
roadway profile
grade

Inverted crown section would create a grade differential
between new and existing profile in the half-street improvement
condition

Table 3. Disadvantages of constructing in small segments

100% Engineering Plan
The completion of the Boones ferry Road improvements as a single
or phased project will require the preparation of complete plans and
specifications for contractor bidding and construction. A typical project
development process may include three design milestones to reach
design completion, preliminary design, progress prints and final plans,
specifications and estimate (PS&E). The product of the Boones Ferry
Road Refinement Plan Phase II is considered conceptual deisign. The
three milestones are described below:
• Preliminary Design - Advances the conceptual design by
performing comprehensive topographic survey, right of way
survey environmental studies, hydrologic reports, geotechnical
investigations and developing horizontal plan and vertical
profile roadway design. The goal of this phase is to define the
project footprint for right-of-way acquisition, environmental
clearances, utility relocation and further advance detailed
engineering design. The product of the phase is a design
report, preliminary plans and cost estimate.
• Progress Prints - Advances the preliminary design in further
details, at this stage the design will refine the edge condition
including matching elevation of proposed improvements to
existing structures and accesses, location, and design of
retaining walls and development of detailed cross-section and
intersection design.
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• Plans, Specification and Estimate - at this stage of
developments, all details of the engineering design are
complete, including, roadway, structure, landscaping,
drainage, signals and street lighting, and utilities. A final
review will be performed and bid packages will be produced
for advertisement and bidding.

D. Traffic Engineering
Traffic engineering in this phase of the project refined recommendations
made in Phase I and further developed the selected recommended
refinements. Future traffic engineering tasks as required in the LGVCP
include determining appropriate treatments (e.g. signing, flashers,
signals) for pedestrian crossings, traffic speed reduction, neighborhood
traffic calming, signal timing and engineering plans for traffic signals and
permanent signing/striping. Street lighting design, including evaluation
of street lighting types, photometric analysis to ensure appropriate light
levels along the corridor and integration of street lighting into the overall
streetscape concept, will also be addressed in future phases. Due to
relatively high traffic volumes and long crossing distances, midblock
pedestrian crossings should be supplemented with pedestrian hybrid
beacons, warning flashers, or other traffic control devices to enhance
visibility and safety for pedestrians crossing Boones Ferry Road. An
engineering study should be conducted during the final design phase to
determine the appropriate design elements for these midblock crossings.
This study should take into account traffic volumes, speeds, and available
gaps in traffic along Boones Ferry Road. It should be noted that in areas
where there is an offset median adjacent to a left turn lane, protected/
permissive left turn signal phasing is not recommended due to potential
sight distance limitations for left-turning vehicles.

E. Utility Relocation Study
The LGVCP states “Relocating utility infrastructure underground is strongly
desired by the Lake Grove community to provide a cleaner, aesthetically
pleasing streetscape and to minimize safety hazards and problems
associated with fallen power lines. Relocate utility infrastructure
underground as roadway improvements and redevelopment projects are
constructed. (Current City of Lake Oswego policy is to underground utility
infrastructure in conjunction with major roadway improvement projects)”
Developing a utility relocation and undergrounding program for Boones
Ferry Road was outside the Phase II scope of work. It is recommended
that future phases undertake a utility coordination effort to determine
utility locations, prior rights, easements and utility undergrounding
design.
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H. Parking Mitigation
The widening of Boones Ferry Road will have variable impacts to
properties fronting on the corridor. Final engineering design will need
to address on-site parking areas and access reconfiguration in order to
mitigate loss of parking and help meet the Plan goal of no net loss of
parking in the district.

I. Geotechnical Investigation and Pavement Design
Subsurface geotechnical investigation and pavement design was outside
the scope of Phase II. Approximate pavement structural sections for
the purpose of cost estimating were developed from review of as-built
documentation obtained from the City of Lake Oswego. Final engineering
studies will need to include geotechnical investigation, pavement design,
and life cycle cost analysis for pavement type.

J. On-Site Improvements
The widening of Boones Ferry Road will have variable impacts to
properties fronting on the corridor. Final engineering design will need to
address landscaped transition areas, retaining walls, signage relocation
and other on-site improvements in the corridor.

K. Environmental Clearances
Future phases of the project will need to address environmental
permitting, local permits, cultural resource reviews and tree removal.

L. Construction Phasing
The LGVCP’s “35% Engineering Plans” milestone included assessment
and design for “business operations during street construction”. This
effort was not included in this phase’s scope of work. Future phases of
the project shall address construction staging, maintenance of traffic
during construction, and an integrated business outreach/access
program to maintain business viability during the construction phase.
Other future construction phasing project elements may include phasing
the construction of different sections of the corridor as funding becomes
available, and the possibility of constructing a “demonstration project” to
preview the buildout of the corridor.

Boones Ferry Road Phase II

35

M. Streetscape/Green Streets
As the project moves into the next phase of design, the hardscape
materials and planting palette will need to be refined to best reflect the
“Path in the Woods” character established for the project. Selection of
street furniture, hardscape materials, irrigation systems (if necessary),
soils, and gateway elements will need to be accomplished to provide a
complete streetscape design.

N. Hydrology Study
The stormwater volumes and storm events will need to be modeled to
ensure the median stormwater facilities will be sized properly per City of
Lake Oswego requirements. Also infiltration testing should be done to
determine the average infiltration rate, and identify any areas of low /
slow infiltration rates.

O. Stormwater System Design
The cross section of the median stormwater facility will need to be detailed to
ensure proper infiltration, plant health, and safety for the project. Overflows to
the existing storm system will be located in key areas to prevent flooding along
the roadway.

P. Landscape Plans
Selection of all plant material and tree species along the corridor will
need to be accomplished in the next phase. Proper soil specifications will
be critical for the success of the stormwater facilities and street trees.

Q. Access Management
The LGVCP requires a comprehensive access management plan to be
completed prior to initiating Engineering Plans. The described access
management plan shall include a.) a Traffic and Safety Analysis and b.)
an Economic Impacts Analysis. The Traffic and Safety Analysis portion
was completed in the Boones Ferry Road Refinement Plan Phase I by DKS
Associates. The Economic Impacts Analysis is being completed in Phase
II by the FCS Group as part of the Refinement Plan Phase II Design Team
led by HNTB.
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APPENDIX A
BOONES FERRY ROAD COMPOSITE ALIGNMENT
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APPENDIX B
STREETSCAPE DESIGN CONCEPTS
Background material - not part of the recommendation by
the PAC. This material will be used in the development of
the Streetscape component of the Lake Grove Village Center
Design Handbook
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Boo nes Fer r y Roa d P h as e I I

Ap ri l 2 0 t h , 2 0 1 1

Streetscape Design Concepts

tr ee grates

bike racks

suspended flower baskets

banner s

movable planter s

l i ght i ng

Site Elements

Ap ril 2 0th , 2011
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c us t om e n gr av i n g

b en ch es , t r as h re ce pt a cl e

p l a n ti n g a t b a c k- o f - si d ewa l k

b a sa l t sto n e

stone wall at back - of- sidewalk

pr ecast concr ete planter s

Site Elements

Apri l 20th, 2011
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concr ete scor e patter ns

br ick , bol lar ds , s tone m onum ents

brick banding

unit pav er s

colored pav ing

concrete with unit pav er s

w i de cur bs (1 2 ”)

brick , gr ani te, bol l ar ds , concr ete channel

Paving

A pr il 2 0 th , 2011
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stone walls

colo red & textur ed pav ing

sculptur e

e n tr y s i gn a ge

p l a n te r s , s e a t wa l l s , b a n d e d p avi n g

A pril 20th, 2011
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Gateway & Linkage

t r ee s a n d a t -g r ad e p l a nt er s sep ar at i n g s eat ing areas from roadway

b oa rdwa l k w i th t w o- s i ded b en ch es

ra ise d p la n t e r s

b e n c h e s, g rave l, st o n e wa ll p la n t e r s

April 20th, 2011
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Gathering Spaces

s ou thwes t c or ne r of j un cti on w i t h B r yant St . (B . o f A. Pa r kin g L o t)

M cD onald’s , nor th of Q uar r y R oad

fro n ta ge a t Ba rb e r Sh o p , n o r th o f Qu ar r y R oad acros s f rom M cD onald’s

A p r il 2 0 t h , 2 0 1 1

B oones Fer r y R oad P hase II

Opportunity Areas

sh ad ed o p en s pac e a cr o ss t he s tr ee t f r o m La ke G rove S chool

f ront age at Lake Grove S c h o o l , so u th o f Do u g l a s Way

U. S . Po st Of f i c e a t Oa k ri d g e Ro a d

A pr i l 20 t h , 2 0 1 1
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Opportunity Areas

tr ee gra te s

O l d To w n

p lan te r bo xe s

li ghting

s eat wall at back of s idewalk

brick bands

concret e pav ing

April 20th, 2011
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Design Concepts

tree gr ates

A Ave n u e

planter boxes

lighting

brick w it h concret e banding and curbs

April 20th, 2011

B o o n e s Fe r r y R o a d P h a s e I I

Design Concepts

tr ee gra te s

Contemporar y

planter boxes

lighting

accent pav er s

concret e pav ing and curbs

April 20th, 2011
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Design Concepts

co ntinuou s plan ting str ip

A Pa th in
th e Woo ds

l i g ht i ng

s eat wal l

bas al t ac cent s

concr et e pavi ng and cur bs

Apr il 20th, 2011
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Design Concepts

Ma i n S t r e e t

tre e pla nter s

planter boxes

light ing

concret e pav i ng

April 20th, 2011

B o o n e s Fe r r y R o a d P h a s e I I

Design Concepts

rec tan gula r tre e gr a te s

li ghtin
g r ete pl anter s
c onc

The Promenade

backless benches

concret e pav i ng

April 20th, 2011
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Design Concepts

Large
C a n o py

Sm a l l
C a n o py

Columnar
Grouping

3 Ve r t i c a l A c c e n t

Columnar

1 Laurel and Hardy

S m a ll
C a n o py

C o lu m n a r

E v erg reen

Me d iu m
C a n o py

L arge
C anopy

4 M a x i m i z e Sh a d i n g

S m a ll
C a n o py

2 E v e r g r e e n Ac c e n t

M edium
C anopy

S mall
C anopy

April 20th, 2011
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Street Tree Concepts

Gleditsia triacanthos inermis ‘Imperial’
Imperial Honey Locus

Cornus kousa ‘Starlight’
Starlight Dogwood

Tilia cordata ‘Chancellor’
Chancellor Linden

Thuja plicata ‘Fastigiata’
Hogan Cedar

Cornus sericea ‘Kelseyi’
Kelsey Dogwood

Arctostaphylos uva-ursi
Kinnikinnick

Pseudotsuga menziesii
Douglas ﬁr

Acer Circinatum
Vine Maple

Polystichum munitum
Western Sword Fern

Gaultheria shallon
Salal

Thuja plicata
Western Red Cedar

SIDEWALK PLANTINGS

MEDIAN PLANTINGS

B o o n e s Fe r r y R o a d Ph a se I I

Plantings
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PRELIMINARY COST ESTIMATE
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BOONES FERRY ROAD - PRELIMINARY ESTIMATE
CITY OF LAKE OSWEGO
SECTION

COUNTY

Clackamas
KIND OF WORK

LENGTH DATE

ROADWAY DESIGNER

Grading, Drainage, Paving, Signals, Illumination

0.85

6/2/11

ITEM DESCRIPTION

UNIT

AMOUNT

ITEM NUMBER

John Maloney
UNIT COST

TOTAL

MOBILIZATION AND TRAFFIC CONTROL
MOBILIZATION
See Traffic Control Estimate, without Mob. And E&C.
See Erosion Control Estimate, without Mob. And E&C.
See Temporary Drainage Facilities Estimate, without Mob. And E&C.
ROADWORK
CONSTRUCTION SURVEY WORK
REMOVAL OF STRUCTURES AND OBSTRUCTIONS
CLEARING AND GRUBBING
SAWCUTTING
GENERAL EXCAVATION
SUBGRADE STABILIZATION
WATERING
DRAINAGE AND SEWERS
12 INCH STORM SEWER PIPE, 5 FT DEPTH
18 INCH STORM SEWER PIPE, 5 FT DEPTH
24 INCH STORM SEWER PIPE, 5 FT DEPTH
CONCRETE MANHOLE
CONCRETE INLETS, TYPE CG-2
CONCRETE INLETS, TYPE G-2 (MODIFIED)
CONNECTION TO EXISTING STRUCTURES
ADJUSTING INLETS
MODIFY CONCRETE INLETS
CAPPING INLETS
MINOR ADJUSTMENT OF MANHOLES
See Water Quality & Detention Estimate, without Mob. And E&C.
UTILITIES
See Utility Estimate, without Mob. And E&C.
STRUCTURES
See Structures Estimate, without Mob. And E&C.
BASES
COLD PLANE PAVEMENT REMOVAL, 2 INCH DEEP
AGGREGATE BASE
WEARING SURFACES
ASPHALT IN TACK COAT
LEVEL 4, 3/4 INCH DENSE HMAC
PG 64-22 ASPHALT IN HMAC
CONTINUALLY REINFORCED CONCRETE PAVEMENT (9")
STAMPED CONCRETE CROSSWALKS
STANDARD CURB CONCRETE CURBS
CONCRETE DRIVEWAYS
CONCRETE WALKS
PERMANENT TRAFFIC CONTROL AND GUIDANCE DEVICES
REMOVE SIGNS
REINSTALL EXISTING SIGNS
SIGN SUPPORTS, includes Steel, Wood, & Mounting
SIGN PANELS
See Striping Estimate
PERMANENT TRAFFIC CONTROL AND ILLUMINATION SYSTEMS
See Traffic Illumination Estimate
See Traffic Signal Estimate
RIGHT-OF-WAY DEVELOPMENT AND CONTROL
See Landscaping Estimate
Site Restoration Estimate (Signs, Mailboxes, resurfacing)
SUBTOTAL, Construction Items
CONTINGENCIES, for all work listed
ENGINEERING
AGENCY MANAGEMENT
CONSTRUCTION MANAGEMENT
ENGINEERING CONSTRUCTION SUPPORT
TOTAL CONSTRUCTION COST, Less Right-of-Way
RIGHT-OF-WAY
TOTAL CONSTRUCTION COST, With Right-of-Way

LS

LS
LS
LS
FT
CUYD
SQYD
GAL
FT
FT
FT
EACH
EACH
EACH
EACH
EACH
EACH
EACH
EACH

1

1
1
1
2000
14,497
11,211
607
1,500.0
1,750.0
5,000.0
25.0
30.0
25.0
10.0
10.0
5.0
5.0
5.0

8.00%

$949,401.61
$662,780.00
$50,000.00
$80,000.00

3.00%
4.00%
$30,000.00
$1.40
$12.00
$17.00

$322,565.25
$413,545.19
$30,000.00
$2,800.00
$173,964.80
$190,578.74

$9.00

$5,463.00

$60.00
$65.00
$100.00
$2,700.00
$1,800.00
$1,800.00
$350.00
$600.00
$480.00
$430.00
$560.00

$90,000.00
$113,750.00
$500,000.00
$67,500.00
$54,000.00
$45,000.00
$3,500.00
$6,000.00
$2,400.00
$2,150.00
$2,800.00
$451,650.00
$1,005,500.00
$353,346.67

SQFT
TON

4,000
44,801

$5.00
$20.00

$20,000.00
$896,020.00

TON
TON
TON
SQYD
SQFT
FT
SQFT
SQYD

25
11,465
688
2,144.0
19,300.0
18,242.0
18,000.0
8,280.0

$238.00
$60.00
$350.00
$35.00
$18.00
$30.00
$15.00
$35.00

$5,950.00
$687,900.00
$240,800.00
$75,040.00
$347,400.00
$547,260.00
$270,000.00
$289,800.00

LS
LS
EACH
SF

1.0
1.0
130.0
1,845.0

$20,000.00
$25,000.00
$550.00
$28.00

$20,000.00
$25,000.00
$71,500.00
$51,660.00
$161,800.00
$750,000.00
$2,190,000.00

40.0%
15.0%
3.0%
8.0%
3.0%

$428,096.50
$160,000.00
$12,816,921.74
$5,126,768.70
$2,691,553.57
$384,507.65
$1,435,495.24
$538,310.71
$22,993,557.61
$5,000,000.00
$27,993,557.61
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ECONOMIC IMPACT ANALYSIS
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Memorandum
To:

Terry Song, P.E. HNTB

Date: June 24, 2011

From: Todd Chase and Tim Wood, FCS GROUP
CC:

Denny Egner, City of Lake Oswego

RE:

Boones Ferry Road Economic Impact Analysis, Revised Findings

A. INTRODUCTION
The purpose of this memorandum is to describe the
preliminary level of economic impacts expected after the
construction of the planned SW Boones Ferry Road
improvements in Lake Oswego. Since the Boones Ferry
Road Refinement Project is in the advanced phases of
planning, the findings are intended to help inform interested
stakeholders and city staff about the general level of
positive and negative economic consequences of the project.

B: Changes in Baseline Conditions…2

WORK COMPLETED

E: Permanent Impact Analysis……….7

To undertake this assignment, FCS GROUP (consultant
to HNTB) performed the following activities:

Table of Contents:
A: Introduction………………………….1
C: Corridor Development Conditions
and Assumptions……………………….3
D: Construction Impact Analysis……6
F: Summary……………………………….9

1. Work with HNTB, city staff and project consultant team members to review existing conditions
and planned refinements within the corridor.
2. Participate in Citizen Advisory Committee meetings to present methods and preliminary findings
and to obtain feedback on the overall economic analysis methodology.
3. Consider findings from “national studies” on access management, especially business impacts
attributed to limiting left-turn movements.
4. Utilize findings published by the Institute of Traffic Engineers for trip generation and
“destination-trip” and “linked-trip” rate assumptions by use classification.
5. Work with the City of Lake Oswego staff to obtain current assumptions regarding existing
businesses within the corridor, and potential levels of corridor redevelopment activity expected
over the next 20+ years.
6. Conduct corridor visits, and analyze existing businesses by vehicle and person-trip activity
(average weekday trips) by business location and general business classification.
7. Quantify potential business impacts that could be realized after initial project construction.
8. Conduct sensitivity analyses to understand a likely range in business patronage impacts , and
expected number of years until business activity will stabilize or improve after this project is
completed.
9. Estimate general construction-related benefits from the project in terms of direct, indirect and
induced local/regional economic impacts.

4380 SW Macadam Ave., Suite 220, Portland, OR 97239  503.841.6543

June 24, 2011
SW Boones Ferry Road Refinement Plan, Preliminary Economic Impact Findings

B.

CHANGES IN BASELINE CONDITIONS

Private Property Acquisition
The preliminary findings indicate that construction of the Boones Ferry Road Refinement Project will
require the purchase of private right-of-way along portions of the roadway, and will entail compensation
for private property impacts, such as landscaping, off-street parking, and signage.
Driving Impacts
The preliminary design refinements for Boones Ferry Road include new traffic signals pedestrian
activated signal crossings. There will be medians added throughout the corridor, which will limit leftturn movements to signalized locations where U-turns will be allowed. The addition of bicycle lanes and
wider sidewalks along with safe pedestrian crossings and limited left-turn movements is expected to
improve safety within the corridor and limit vehicle conflicts and reduce vehicle congestion during peak
travel periods. An analysis of average daily traffic counts for 2009 and 2035 is provided in Table 1.
Average weekday traffic along Boones Ferry Road is shown for both ends of the corridor, including
traffic entering from the north and from the south. A mid-corridor estimate of average daily traffic
(ADT) and pass-by trips is included for analysis purposes. ADT within the corridor is forecast to incr ease
by about 33% over the 2009 to 2035 time frame, which equates to an average annual increase of
approximately 291 trips per year. 1
Off-street Parking Impacts
The City of Lake Oswego has endorsed a policy that calls for “no net loss” in parking within the Boones
Ferry Road corridor after construction of the Boones Ferry Road refinements. The preliminary
construction plans indicate that the most significant off-street parking impacts are expected for the
following businesses:Wells Fargo bank (across from the Lake Grove Shopping Center), Bank of
American (in the Lake Grove Shopping Center); Lake Grove Garden Center, Naomi’s Lampshades; and
the new Sherwin Williams paint store (near Lake Grove Elementary school). There may also be
additional parking impacts with some businesses losing 1-2 parking spaces. Future planning and design
phases for this project should consider appropriate locations for additional on - and off-street public
parking areas that help mitigate these and other potential off-street parking dislocations.
Business and Household Relocations
The preliminary conceptual alignment indicates that there are no housing relocations needed as part of
the Boones Ferry Road refinements, but there may be one business dislocation (small burrito food
serving establishment in front of Naomi’s Lampshades) located at 15942 SW Boones Ferry Road). The
city should assist that business with relocation expenses and attempt to retain this business within the
corridor area. The city will continue to monitor potential relocations as the project moves into the design
phase.

1

The traffic analysis referenced here was conducted by DKS Associates, and is based on actual traffic
counts for 2009. The 2035 vehicle volume projections take into account local and regional trip
production factors (households and employment) by traffic analysis zones that are consistent with the
Metro Regional Transportation Plan traffic model.

FCS GROUP

Page 2

June 24, 2011
SW Boones Ferry Road Refinement Plan, Preliminary Economic Impact Findings

Table1. Average Daily Traffic Counts along Boones Ferry Road, 2009 and 2035 Forecast
South of Madrona
2009 existing estimate
2035 with refinements
2035 without refinements

ADT
16,550
24,150
24,300

Change from
2009
-46%
47%

North of Kruse Way
2009 existing estimate
2035 with refinements
2035 without refinements

ADT
28,850
36,400
36,100

Change from
2009
-26%
25%

Estimated Mid-Corridor Trip Avg.
2009 existing estimate
2035 with refinements
2035 without refinements

ADT
22,700
30,275
30,200

Change from
2009
-33%
33%

Forecasted Change in Traffic, Annual Avg. , 2009-2035

Mid-Corridor Estimate
with refinements
without refinements

ADT (north &
south)
291
288

ADT (one
direction)
146
144

Pass-by ADT
(one
direction)*
47
46

* assumes pass-by trips equates to current estimated corridor avg. = 32% of total trips.
ADT = average daily weekday traffic
Source: DKS Associates, and FCS GROUP.

C.

CORRIDOR DEVELOPMENT CONDITIONS AND
ASSUMPTIONS

Existing Businesses in the Corridor
The city provided FCS GROUP with an Excel table listing current businesses that are within
approximately 300-feet of the Boones Ferry Road alignment, using confidential data provided from the
Oregon Employment Department. FCS GROUP analyzed the data (derived primarily from December
2009 wage and salary covered employment reports and local field observations) with respect to business
location, size and classifications. A map depicting the businesses in the Boones Ferry Road corridor is
provided in Figure 1 (a unique identifier number is shown for each business). Table 2 reflects the
findings, which indicate there were 169 total establishments (public and private) within 300-feet of
Boones Ferry Road. Additional analysis by FCS GROUP has identified businesses that have primary
access from Boones Ferry Road (driveways) versus those that will have access to side streets (signalized
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locations) after the refinements are constructed. Please refer to Appendix B for a listing of existing
business establishments deemed to have primary access via Boones Ferry Road as of June 2011.
Table 2. Existing Establishments in Boones Ferry Road Corridor (2009)

General Use Classification
Retail
Restaurants (sit down)
Fast Food
Office/Service
School/Public

Total Establishments
41
17
4
104
3

Establishments with
Side-Street
Driveways
(no negative impact
expected)
28
8
2
45
3

Establishments
with Primary
Access Via Boones
Ferry Road
(potential negative
impact analyzed)*
13
9
2
59
0

Total
169
86
83
Note: this analysis assumes that future traffic signal locations are constructed; thereby allowing
"side street" access for businesses at signalized locations. Source: Oregon Employment Dept.,
2009 updated to June 2011 by FCS GROUP based on field observations. * The establishments
with primary access via Boones Ferry Road driveways are considered by this analysis to have
potential short-term adverse impacts in auto patronage with reductions in left-turn movements.
Potential Redevelopment
Recent findings from the Lake Oswego Housing Needs Analysis (May 2011) and Lake Oswego
Economic Opportunities Analysis (May 2011) shed light on the potential level of redevelopment
that could occur within the broader Boones Ferry Road planning district (an area that generally
extends to within 1,200 feet of the Boones Ferry Road refinement project). The findings are based
on long-range planning assumptions for potential redevelopment using a ratio of improvement to
land area for existing zoning classifications. The analysis indicates that the Boones Ferry Road
district could be expected to add at least 150 new housing units and 390 jobs over the long-range
planning period.
Improvements to Boones Ferry Road may enhance the livability within the Lake Grove area by
providing safe travel for all modes of transportation, with convenient and visually appealing bicycle,
pedestrian and transit facilities. As community livability is enhanced, studies by Metro have indicated
that nearby properties will benefit and redevelopment potential will be improved. A recent Metro
study documented a positive correlation between residential land values and public infrastructure
conditions based on a statistical analysis of three locations in the Metro region.2 The Metro study
indicated that public facilities, such as transit, parks, pedestrian connections, and streetscapes provide
a 5-25% enhancement in property values (other things being equal). If this finding is applied to the
redevelopment areas in the Boones Ferry Road corridor, we can assume that investment in “basic
infrastructure” (including pedestrian, bike, street networks, streetscapes, storm drainage, and
parks/community facilities) could potentially result in a “value premium” that produces higher
attainable sales/rental lease rates.
As redevelopment increases within the Boones Ferry Road Corridor, commercial business activity
will likely benefit as more patronage occurs using all forms of travel (auto, bicycle, pedestrian
and transit).
2

See Metro’s Residential Carrying Capacity Analysis, August 2010.
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Figure 1. Boones Ferry Road Corridor Establishments (by unique I.D. number)
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D. CONSTRUCTION IMPACT ANALYSIS
The preliminary construction cost for building the Boones Ferry Road refinements has been estimated by
HNTB at $27,994,000 (2011 dollars). The construction benefit analysis utilizes results from the
IMPLAN model, which includes local and regional economic input-output assumptions for 506 separate
industry sectors. For analysis purposes, FCS GROUP assumed that the construction spending is
allocated in the following sector distribution (according to IMPLAN sector definitions): 75% to project
construction and right-of-way purchase; and 25% to engineering/design/permitting and other “soft costs .”
The expected construction benefits are reported in Table 3. The amount of total regional economic
output (potential sales increases) by business type is illustrated in Figure 3.
The construction benefits would be spread out over the duration of the construction period, and are not
likely to occur all in one year. The results indicate that capital spending of nearly $28 million is expected
to generate approximately:
370 total jobs, including 229 direct jobs and 142 indirect/induced jobs (person years of employment);
$17.5 million in direct and indirect/induced annual labor income;
$22.5 million in direct and indirect/induced value added (combination of labor income, business
profits, and tax payments); and
$42.9 million in total economic output (gross sales receipts).
Table 3 – Construction Benefit of Boones Ferry Roadway Improvements (2011 dollars)
Impact Type
Direct Effect
Indirect Effect
(supplies)
Induced Effect
(spin-off benefits)
Total Effect

Employment
229

Labor Income
$11,947,000

Value Added
$13,276,000

Output
$27,993,000

65

$2,876,000

$4,045,000

$6,819,000

77
370

$2,680,000
$17,503,000

$5,156,000
$22,477,000

$8,135,000
$42,947,000

Source: IMPLAN model for Clackamas County, adjusted to 2011 dollars by FCS GROUP.

Figure 3. Construction Spending Related Economic Output Impacts (top business sectors)
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While analyzing potential negative short-term impacts on existing businesses during the construction
period was not part of this work scope, understanding the level of construction impacts on local
businesses will be an important consideration during preliminary and final engineering/design phases.
Potential construction impact mitigation measures should also be considered during preliminary and final
design work elements and should include input from local businesses. Construction impact mitigation
measures may include but not be limited to: strategic phasing of project elements; establishment of
interim vehicle and pedestrian access, public parking areas; directional and informational signage;
proactive area-wide marketing strategies, and dedication of public works staff to work directly with
affected businesses prior to and during construction periods.

E.

PERMANENT IMPACT ANALYSIS

Relevant Literature
FCS GROUP reviewed supporting regional and national literature on the subject of roadway access
management and its potential impacts on business vitality within arterial corridors in the United States. A
summary of this literature review is provided in Appendix A. Key findings are summarized below.
•
•
•
•
•
•
•
•
•
•
•

Driveway and parking lot access and restricted turn movements have impacts that vary by
business type, size and location.3
Access from side streets mitigates concerns.4
Personal services, professional services, convenience stores and small business (<10 workers)
often perceive no impact from changes in access.4
If the corridor is uncongested, businesses are more likely to perceive no impact from access
changes.4
Retail businesses with large customer base are more likely to perceive negative impacts unless
located at signalized intersections.4
If the business has a shared driveway, it views the patronage impact as positive.4
The use of raised medians is perceived to have a safety advantage for pedestrians.5
Raised medians help to reduce motor vehicle crashes by 15 percent. 5
Raised medians help decrease delays and increase capacity by over 30 percent. 5
Raised medians help reduce vehicle speeds on the roadway. 5
Pass-by trip assumptions vary significantly by business type.6

Potential Business Impacts
Notwithstanding the potential negative construction impacts that often occur to businesses with any
major roadway improvement, the permanent impacts from Boones Ferry Road improvements will
generally be positive. The results from the literature research generally indicate that there will be
virtually no negative impact on most businesses within the Boones Ferry Road corridor (most will
probably experience a positive economic impact). The businesses that have access from side streets
(particularly at future signalized intersections) will not experience a negative impact if medians are
added, and left-turn movements are restricted. Office establishments and public facilities (such as schools
and the post office) are also unlikely to experience any negative impact from limiting turning movements
within the corridor.
3

“Economic Impacts of Access Management,” by Cambridge Systematics for Washington State Transportation Center, 2002
IBID.
5
Safety Benefits of Raised Medians and Pedestrian Refuge Areas, U.S. Dept. of Transportation, FHWA, 2010.
6
Institute of Traffic Engineers (ITE), Trip Generation Handbook, 2 nd Edition, 2004.
4
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“Linked-Trips” are auto trips made by
An analysis by FCS GROUP indicates that there will
patrons
to one or more businesses while
likely be a short-term negative business impact for
they
are
heading to a separate destination
some businesses that are dependent upon “linked-trips”
(e.g,
stopping
by the dry cleaner and gas
for a large portion of their daily sales activity. Using
station on the way home from work).
national research findings from the ITE, FCS GROUP
analyzed the potential level of business patronage that
is derived from pass-by-trip activity for the business that will have primary access from Boones Ferry
Road at un-signalized (mid-block) driveway locations. The results shown in Appendix B generally
indicate that a negative short-term business impact could be expected to occur for some retail
establishments and restaurants (especially fast food establishments) that do not have direct side street
access at signalized location. The analysis shown below indicates that these businesses in total derived
approximately 16% of their total auto patronage from left-turn pass-by trips. That average is
considerably higher for fast food restaurants than general retail establishments.
The findings included in Appendix C indicates that the limitation in left-turn movements may impact
fast food restaurants in a measurable way by eliminating about 54 to 72 trips per fast food establishment
during an average weekday (this assumes 30-40 percent of the left-turn pass-by trips opt to not make a Uturn). The preliminary sensitivity analysis also indicates that the average retail and sit -down restaurant
establishment may initially lose about 3 to 8 auto trips per day if they do not have side-street access.
(This assumes 10-20 percent of the left-turn “linked-trips” do not opt to make a U-turn for mid-block
restaurants, and 20-30% of the left-turn “linked-trips” are lost for general retail establishments with midblock driveway access).
The overall findings indicate that the average retail or restaurant establishment may initially experience a
decline in auto-related patronage due to restricted left-turn movements. The potential negative sales
impact is negligible for the 86 businesses that will have side-street access to Boones Ferry Road. The
level of potential short-term impact on average daily sales activity for the other 83 businesses that will
have direct primary driveway access onto Boones Ferry Road is expected to range from 5-7% for misc.
retail, 2-5% for sit-down restaurants, and 8-10% for fast food restaurants, as reflected in Table 4.
Table 4. Initial Potential Auto Trip Reduction Impacts on Sales Activity for Establishments with
Primary Driveway Access on Boones Ferry Road

Exisitng Use Description
Retail
Restaurants (sit down)
Fast Food
Office/Prof. Service

Establishments
with Primary
Direct Driveway
Access Via
Boones Ferry
Road*
13
9
2
59

Avg. Low
Range of
Potential Sales
Impacts from
Lost Linked
Auto Trips
5%
2%
8%
0%

Avg. High Range
of Potential Sales
Impacts from Lost
Linked Auto Trips
7%
5%
10%
0%

Total
83
3%
5%
* These establishments with primary direct driveway access via Boones Ferry Road are deemed to be
“at risk” for potential negative short-term impacts attributed to reductions in vehicle left-term
movements. Source: analysis by FCS GROUP.
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F.

SUMMARY

Once the Boones Ferry Road refinements are in place and the corridor becomes more attractive to
patrons arriving by all modes of travel, it is anticipated that total destination trips into the corridor will
increase measurably. The average daily auto traffic forecast for the corridor indicates that weekday auto
trips would likely add about 146 ADT in each direction along Boones Ferry Road in year 1, with average
pass-by trips increasing by about 47 ADT in each direction. Hence, the expected initial decline in
reduced left-turn movements will be off-set by an increase in vehicle activity into the corridor within the
first 2-3 years.
Non-auto trips by bicycles, pedestrians and transit patronage is also likely to off -set any initial decline in
left-turn pass-by trips for retail and restaurant businesses. A preliminary analysis indicates that if non auto patronage into the Boones Ferry Road corridor increases by 200-300 trips per average weekday,
there would be no negative impact from reduced left-turn auto movements for businesses. In fact,
business activity within the corridor will likely increase over time, over and above the traffic forecast
levels, with overall visitation and patronage activity rising by between 33 -50% by year 2035.
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Appendix A Annotated Bibliography
Dixon, Karen K. and Chris Mroczka of the Georgia Institute of Technology and John L. Hibbard,
the operations division manager at the Cobb County DOT “Public Perception of Median
Treatment for Developed Urban Roads” (2004).
This report attempts to analyze public perception when access management is applied along a major
corridor. Information was gathered from three such corridors in Georgia. The study measures public
opinion along with statistical correlations between these corridors before and after access management
was implemented. The following are excerpts from the report.
“The actual number of crashes also increase at all three sites following the widening and median
project; however, due to rapid regional growth the numbers of crashes for sites 2 and 3 were less than
those anticipated if the improvements had not been implemented”
Common safety concerns expressed by citizens included the perception that a TWLTL (Two Way
Left Turn Lane) is a ‘suicide’ lane and invites opportunity for head-on crashes. The median was
generally cited as a good alternative because it physically separates opposing traffic”
Pedestrian safety and the use of raised medians to facilitate pedestrian activity was also identified as
a safety advantage for the raised median treatment”
Vu, Patrick et al. “Economic Impacts of Access Management” for the Washington State
Transportation Commission (2002).
Researchers sought to quantify perceived impacts felt by businesses when access management is
implemented along a major corridor. Surveys were distributed along six major commercial arterials in
Western Washington in order to gauge business response to such changes. Several pieces of information
gleaned from this study should be instructive to the current effort to implement access management in
Lake Oswego’s Lake Grove Town Center area. The following are excerpts from the report.
“Businesses in retail service, such as salons, banks and clinics, are more likely to perceive no impact
or minor or major positive patronage impacts”
“Smaller businesses (under 10 employees) tend to view accessibility as not a concern”
“If a business describes itself as a convenience store, its perception of access management is
positive”
“If the corridor is perceived to be uncongested, then businesses are more likely to perceive no
impact, or minor or major positive impact on patronage”
“Only one physical layout variable, parking lot access not from a minor or major street, decreased the
concern over accessibility”
“If a business has a shared driveway, it views patronage impact as positive”

Williams, Kristine M. from the Center for Urban Transportation Research at the University o f
South Florida “Economic Impacts of Access Management” (2001).
This report quantifies the impacts to business on major corridors in several states once access
management is installed. The following are excerpts from the report.
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“A study of the economic impacts of left-turn restrictions was conducted for the Texas Department of
Transportation in the mid 1990s… perceptions of business owners before a median was installed
were more pessimistic than what usually happened”
“Business owners reported no change in pass-by traffic after median installations”
Most business types (including specialty retail, fast-food restaurants and sit down restaurants)
reported increases in numbers of customers per day and gross sales, except for gasoline stations and
automotive repair shops”
“Most adverse impacts were realized during the construction phase of the median installations”
“Employment within the corridors experienced upward trends overall “
Corridors with completed access management projects performed better in terms of retail sales than
the surrounding communities. Business failure rates along access managed corridors were at or below
the statewide average”
“In all cases, 90-100 percent of motorists surveyed had a favorable opinion of the improvements
made to roadways that involve access management”
City of Lake Oswego “Lake Grove Village Center Plan Vision Statement” (2005).
The city of Lake Oswego, along with citizens from the city, developed a plan which sets out the goals of
redevelopment in the Lake Grove Town Center. Each goal is laid out and redevelopment is anticipated to
follow this investment. The following excerpts describe the vision of the future of the Lake Grove Town
Center, taken from the March 17, 2005 draft.
“Elements within the Village Center reinforce the neighborly character of the area Public parking for
vehicles, both on and off street, is provided in conveniently designated areas throughout the Village
Center that allow for ease of access to retail, restaurant and other neighborhood services with out
encroaching on the surrounding residential neighborhoods. Street trees, pedestrian -scale lighting,
consistent public signage, landscaped medians with pedestrian refuges, public transit shelters and
other streetscape”
“By the year 2024, the Lake Grove Village Center has thoughtfully evolved into a pedestrian-

friendly neighborhood community.”
“Foster a mix of businesses, including retail, services and offices, and encourage residential
development within the Village Center when economically feasible and attractive to property
owners”
“Provide a range of housing opportunities through the preservation of the existing number of high
density housing units. The addition of new housing units through redevelopment, when economic ally
feasible and attractive to property owners, is encouraged”

“Provide for adequate parking opportunities in the Village Center. Methods may include: shared
access and/or parking agreements, flexible site development standards, on- and off-street public
parking areas in and adjacent to the Village Center, and rear alley access to parking areas to
reduce access from Boones Ferry.”
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Appendix B.
Existing Businesses with Primary Direct Driveway Access Via Boones Ferry Road (After
Refinements are Constructed).
Note, the other 86 businesses in the corridor will have side-street access to
Boones Ferry Road and are not expected to be negatively impacted by the
project.
Establishment Name

General Description

CHARLES MALONEY BUILDING CO INC

Office/Service

ALDER BUSINESS SERVICES INC

Office/Service

BODYWORKS MASSAGE

Office/Service

OREGON CHIROPRACTIC CENTER PC

Office/Service

SUMMIT PHYSICAL THERAPY INC

Office/Service

MARCIA KIES PC

Office/Service

TONY H DAVIDSON CPA

Office/Service

EXECUTIVE ACCOUNTING INC

Office/Service

SUNSET MORTGAGE

Office/Service

INTERSOFT INC

Office/Service

NANCY W DECHERD CPA PC

Office/Service

D & B PROFESSIONAL PAYROLL INC

Office/Service

MICRO SOLVE INC

Office/Service

MITCHELL RESTAURANT INFORMATION

Office/Service

PSI CONVEYING GROUPS INC

Office/Service

WELLER ASSOCIATES INC

Office/Service

WEST COAST P M SERVICES INC

Office/Service

CONCEPT SALES INC

Office/Service

180 ONE

Office/Service

PAULSEN ENVIRONMENTAL RESEARCH LIMI

Office/Service

SHOP FOR EXHIBITS.COM INC

Office/Service

RON WAGNER INSURANCE AGENCY INC

Office/Service

MCCULLOCH INSURANCE AGENCY INC

Office/Service

DOUG LENHOFF & ASSOC INC

Office/Service

MARANDAS CHI & OKAMURA LLP

Office/Service

OUTSOURCING SERVICES INC

Office/Service

DONALD O SMITH CPA PC

Office/Service

EQUILIBRIUM ENGINEERS LLC

Office/Service
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ARRK PRODUCT DEVELOPMENT GROUP

Office/Service

ARROWHEAD MORTGAGE COMPANY INC

Office/Service

GUYER MEISNER ATTORNEYS PC

Office/Service

OMIKRON IP LAW

Office/Service

JOHN J MARANDAS PC

Office/Service

"LADA" ENTERPRISES INC

Office/Service

GREGORY C CZAR PHD PC

Office/Service

PATRICIA FINLEY LOCC PHD LLC

Office/Service

LAKE OSWEGO PHYSICAL THERAPY

Office/Service

JOHN G ECKMANN DDS

Office/Service

DR LAURIE MARZELL

Office/Service

MARGARET E ANDERSON DDS LLC

Office/Service

BRADLEY E SIEVERT DMD PC

Office/Service

WILTSHIRE, GORDON L., JR. DMD, PC

Office/Service

DENTAL DYNAMICS PC

Office/Service

JOHN L TILLIS JR DMD

Office/Service

THE OLSON PEDIATRIC CLINIC LLC

Office/Service

LAURA NEPVEU MD PC

Office/Service

STEVEN A HASHIGUCHI MD

Office/Service

OLSON MEMORIAL TENANT ASSOC.

Office/Service

GENESIS MEDICAL GROUP III INC

Office/Service

MILAN CENTER

Office/Service

PAUL ORTNER DDS PC

Office/Service

TOTAL RENAL CARE INC

Office/Service

STACY A GEISLER DDS PHD PC

Office/Service

COLIN L SMITH DMD PC

Office/Service

NANETTE N CLAPPER

Office/Service

MALYS WEST INC

Misc. Retail

UNITED CLEANERS

Misc. Retail

MANAGEMENT BY INTUITION

Misc. Retail

HAPPY ROCK VENTURES INC

Misc. Retail

HEALTHY PET

Misc. Retail

LAKE GROVE GARDEN CENTER INC

Misc. Retail

ANDREWS GALLERIES (NOW SHERWINN WILLIAMS)

Misc. Retail

ACCENT LIGHTING

Misc. Retail
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NAOMIS LAMPSHADES

Misc. Retail

AARON BROTHERS INC

Misc. Retail

MOLEHILL FARM

Misc. Retail

BLOCKBUSTER

Misc. Retail

AR AUTO SERVICE

Misc. Retail

WELLS FARGO BANK N A

Office/Service

WELLS FARGO INVESTMENTS LLC

Office/Service

WELLS FARGO BANK N A

Office/Service

US BANK NATIONAL ASSOC

Office/Service

LA PROVENCE

Restaurant

GUBANC'S, INC.

Restaurant

RICCARDOS RESTAURANT & DELI

Restaurant

STAR TERIYAKI

Restaurant

CAFE BEIGNETS (NOW BURRITO CAFÉ)

Restaurant

CAFE MARZOCCA LLC

Restaurant

BEST SUSHI

Restaurant

ROUND TABLE PIZZA COMPANY

Restaurant

THE GIANT DRIVE INN

Restaurant

STARBUCKS

Rest./Fast Food

SUBWAY SANDWICHES & SALADS

Rest./Fast Food
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B

C

D

E

F

G

H

4380 SW Macadam Ave., Suite 220, Portland, OR 97239  503.841.6543

Est. Avg. Daily 1-way
Weekday Linked Trips
Low to High Sensitivity
(in north or south bound
Analysis Range of Linked
direction)
Trip Activity
Est. Avg.
Left turn
Daily 1Linked
way Auto
Trips as %
Trips (in
Est. Avg. north or
of Total 1"Lost"
Daily 1way Trips
south
"Retained"
Auto
way Auto
to
bound
Exisitng Use
Establish- Trips to direction)
Person Businesses Linked Auto Linked
Trips
Auto Trips
Description
ments* Businesses (B/2)
Trips
Trips
(D/C/2)
Retail
13
777
389
180
268
23% 20% to 30% 70% to 80%
Restaurants (sit down)
9
1,522
761
348
523
23% 10% to 20% 90% to 100%
Fast Food
2
1,432
716
358
533
25% 30% to 40% 60% to 70%
Office/Prof. Service
59
2,101
1,051
84
125
4%
none
all
Total Trips
83
5,833
2,916
970
1,448
17%
* based on business listing shown in Appendix B.
Source: analysis by FCS GROUP using ITE trip generation estimates and low-to-high sensitivity analysis assumptions.

A

J

K

L

M

N

Low Range High Range
of
of
Potential Potential
"Lost"
"Lost"
Linked
Linked
Auto Trips Auto Trips
(D x G)
(D x G)
36
54
35
70
107
143
178
267

Low
Range of
Potential
"Lost"
Vechicle
Trips Per
Business
(I/A)
3
4
54
2

High
Range of
Potential
"Lost" Avg. Low Avg. High
Vechicle Range of Range of
Trips Per Daily Sales Daily Sales
Impacts
Business Impacts
(I/B)
(J/B)
(J/A)
4
5%
7%
8
2%
5%
72
8%
10%
0
0%
0%
3
3%
5%

Range of Potential
Low to High Sensitivity Potential Lost Avg. Avg. Weekday Sales
Analysis Range of
Weekday Vechicle Impacts from Lost Passby Patronage
Linked Trip Activity
Trips Per Business

I

Analysis of Trip Activity to Business Establishments with Primary Driveway Access Via Boones Ferry Road

Appendix C

APPENDIX E
GEOTECHNICAL EVALUATION

Boones Ferry Road Phase II
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FRQFHSWVVHWIRUWKLQWKH/DNH*URYH9LOODJH&HQWHU3ODQ DGRSWHGLQ 
¾ 'HILQHWKHDSSURDFKIRUSURYLGLQJD³JUHHQVWUHHW´DVSDUWRIWKHILQDO%RRQHV)HUU\
LPSURYHPHQWV
¾ ,QFRUSRUDWHDSSURSULDWHUHFRPPHQGDWLRQVIURPWKH3KDVH%RRQHV)HUU\UHILQHPHQW
VWXG\FRPSOHWHGLQ2FWREHURIDQG
¾ 8WLOL]HDQHIILFLHQWDQGRSHQSXEOLFSURFHVVWRGHYHORSUHFRPPHQGDWLRQVIRUWKH
UHILQHPHQWSODQ

3990 COLLINS WAY, SUITE 100
LAKE OSWEGO, OREGON 97035-3480
503-223-6147 FAX: 503-223-6140
TDD 1-800-833-6388
www.shannonwilson.com
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:HXQGHUVWDQGWKDWWKH³JUHHQVWUHHW´REMHFWLYHLVLQWHQGHGWRLQFRUSRUDWHVWRUPZDWHULQILOWUDWLRQ
V\VWHPVLQWRFHQWHUPHGLDQVDQGRUVLGHZDONSODQWHUV
SCOPE OF WORK
7KLVHYDOXDWLRQLVEDVHGRQDUHYLHZDQGHYDOXDWLRQRIDYDLODEOHGDWDLQFOXGLQJSXEOLVKHG
OLWHUDWXUHDQGSXEOLFGRFXPHQWVREWDLQHGIURPWKH&LW\RI/DNH2VZHJRLQWHUYLHZVZLWK0U
5XVV&KHYUHWWHDQG0V'HEUD$QGUHDGHV&LW\RI/DNH2VZHJRDQG0U5RE'UHLHU/DNH
2VZHJR6FKRRO'LVWULFWDQGDJHRORJLFDOUHFRQQDLVVDQFHRIWKHVLWHDQGDGMRLQLQJDUHDV1R
VXEVXUIDFHH[SORUDWLRQVZHUHFRQGXFWHGDVSDUWRIWKLVHYDOXDWLRQ,QIRUPDWLRQVRXUFHVXVHGLQ
WKLVHYDOXDWLRQDUHLQFOXGHGLQWKH5HIHUHQFHVVHFWLRQRQSDJHRIWKLVUHSRUW
SITE DESCRIPTION
Geography
7KHVRXWKHUQOLPLWRIWKHSURMHFWLVORFDWHGDSSUR[LPDWHO\IHHWVRXWKRIWKHLQWHUVHFWLRQRI
%RRQHV)HUU\5RDGDQG0DGURQD6WUHHWDQGH[WHQGVQRUWKZDUGWRWKHLQWHUVHFWLRQRI%RRQHV
)HUU\5RDGDQG0HUFDQWLOH'ULYHDGLVWDQFHRIDSSUR[LPDWHO\OLQHDOIHHWRUDERXWôPLOH
UHIHUWR6LWH3ODQ)LJXUH7KLVLVDVXEXUEDQQHLJKERUKRRGZLWKQXPHURXVVPDOOUHWDLOVKRSV
RIILFHVSDFHUHVWDXUDQWVDQHOHPHQWDU\VFKRROPHGLFDOFOLQLFVDQGJDVROLQHILOOLQJVWDWLRQV7KH
FRPPHUFLDOIDFLOLWLHVIURQWLQJ%RRQHV)HUU\5RDGDUHLQPRVWDUHDVEDFNHGE\UHVLGHQWLDO
KRXVLQJ
7RSRJUDSKLFDOO\WKHSURMHFWDUHDLVUHODWLYHO\IODW%RRQHV)HUU\5RDGVORSHVMXVWVOLJKWO\GRZQ
WRZDUGWKHVRXWKZHVW(OHYDWLRQDWWKH0DGURQD6WUHHWLQWHUVHFWLRQLVDSSUR[LPDWHO\IHHW
DERYHPHDQVHDOHYHODQGWKHHOHYDWLRQDW0HUFDQWLOH'ULYHLVDERXWIHHW 86*6 
7KHRQO\VXUIDFHGUDLQDJHLV6SULQJEURRN&UHHNZKLFKRULJLQDWHVLQWZRIRUNVRQHDORQJXSSHU
%RRQHV)HUU\5RDGDQGDQRWKHULQWKH0RXQWDLQ3DUNQHLJKERUKRRG7KHVHWZRIRUNVDUHXQLWHG
QHDUWKHLQWHUVHFWLRQRI%RRQHV)HUU\5RDGDQG&RXQWU\&OXE5RDG6SULQJEURRN&UHHNWKHQ
FRQWLQXHVDORQJWKHHDVWVLGHRI%RRQHV)HUU\5RDGWRDSRLQWRSSRVLWH0HUFDQWLOH'ULYHZKHUH
LWVZLQJVVRXWKHDVWZDUGDQGIORZVLQWR2VZHJR/DNH$VPDOOWULEXWDU\WR6SULQJEURRN&UHHN
ULVHVQHDUWKHXSSHUHQGRI'DQLHO:D\RQWKHVRXWKIODQNRI0RXQW6\OYDQLD7KHXSSHUPRVW
SRUWLRQRIWKLVXQQDPHGWULEXWDU\FUHHNKDVEHHQFDSWXUHGLQVWRUPGUDLQVEXWWKHFUHHNGD\OLJKWV
QHDUWKHLQWHUVHFWLRQRI'DQLHO:D\DQG&DUPDQ'ULYHWKHQIORZVVRXWKDORQJ'DQLHO:D\WR
.UXVH:D\ZKHUHLWJRHVEDFNLQWRDEXULHGVWRUPGUDLQ7KHXQQDPHGFUHHNUHHPHUJHVIURP
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WKHVWRUPGUDLQDORQJ0HUFDQWLOH'ULYHMXVWVRXWKRI*DOHZRRG6WUHHWWKHQUHHQWHUVDVWRUP
GUDLQ2OGHUWRSRJUDSKLFPDSVVKRZWKDWWKHXQQDPHGFUHHNFURVVHG%RRQHV)HUU\5RDGLQWKH
YLFLQLW\RI'RXJODV:D\DQGIORZHGHDVWZDUGDERXWPLGZD\EHWZHHQ5HG&HGDU:D\DQG
/DQHZRRG5RDGWKHQFXUYHGQRUWKZDUGDQGMRLQHG6SULQJEURRN&UHHNMXVWEH\RQGWKHHDVWHQG
RI5HG&HGDU:D\
General Geology
7KH%RRQHV)HUU\5RDGSURMHFWVLWHOLHVMXVWQRUWKRIWKHZHVWHUQHQGRI2VZHJR/DNH7KHODNH
RFFXSLHVDJDSLQWKH7XDODWLQ0RXQWDLQVZKLFKZHUHXSOLIWHGE\IROGLQJDQGIDXOWLQJRIDVHULHV
RIEDVDOWODYDIORZVRIWKH&ROXPELD5LYHU%DVDOW*URXS &5%* 7KH&5%*IORZVZHUH
HUXSWHGIURPOLQHDUILVVXUHVORFDWHGLQHDVWHUQ:DVKLQJWRQDQG2UHJRQQHDUWKH,GDKRERUGHU$
QXPEHURIODUJHDQGYHU\IOXLGLQGLYLGXDOIORZVUHDFKHGZHVWHUQ2UHJRQEHWZHHQDSSUR[LPDWHO\
DQGPLOOLRQ\HDUVDJR7KH&5%*IORZVXQGHUOLHPXFKRIWKH3RUWODQGPHWURSROLWDQDUHD
DQGWKH7XDODWLQ9DOOH\DWGHSWK
7KH&5%*IORZVDUHRYHUODLQE\DVHULHVRIODWH0LRFHQHWR3OLRFHQH DERXWWRPLOOLRQ
\HDUVDJR DOOXYLDOGHSRVLWV:HVWRIWKH7XDODWLQ0RXQWDLQVXSOLIWWKHVHGLPHQWVDUHFRPPRQO\
UHIHUUHGWRDV³XQGLIIHUHQWLDWHG´RUDV³HTXLYDOHQWWR´WKH7URXWGDOH)RUPDWLRQ6DQG\5LYHU
PXGVWRQHRU+HOYHWLDIRUPDWLRQ7KHVHGLPHQWVDUHJHQHUDOO\ILQHJUDLQHGDQGWKHLUWKLFNQHVVLV
KLJKO\YDULDEOHORFDOO\WKHVHGLPHQWVPD\EHDEVHQWHQWLUHO\DQGZKHUHWKH\DUHSUHVHQWWKH\
PD\UDQJHIURPOHVVWKDQIHHWWRPRUHWKDQIHHWWKLFN7KHVHGLPHQWVDUHUDUHO\H[SRVHG
H[FHSWLQPDQPDGHH[FDYDWLRQV %HHVRQDQGRWKHUV 
7KHROGHUURFNXQLWVDUHLQWUXGHGE\QXPHURXVVPDOO3OLRFHQHWR3OHLVWRFHQHDJH DERXWPLOOLRQ
\HDUVWROHVVWKDQ\HDUVDJR YROFDQRHVFROOHFWLYHO\UHIHUUHGWRDV%RULQJODYD7KHVH
YROFDQRHVLQFOXGH0RXQW6\OYDQLDQRUWKRIWKHSURMHFWDUHDDQG&RRNV%XWWHVRXWKRI2VZHJR
/DNH$VPDOOHUYROFDQLFYHQWULVHVMXVWQRUWKRIWKHSURMHFWDUHDDW:DOXJD3DUN%DVDOWLFODYD
EUHFFLDDQGDVVRFLDWHGFODVWLFGHSRVLWVDUHRIWHQLQWHUEHGGHGZLWKWKHXQGLIIHUHQWLDWHGROGHU
VHGLPHQWV
<RXQJHUDOOXYLDOGHSRVLWVDUHSUHVHQWDWWKHJURXQGVXUIDFHRYHUWKH%RRQHV)HUU\5RDGSURMHFW
DUHDDQGRYHUPRVWRIWKH7XDODWLQ9DOOH\EHORZHOHYDWLRQVRIDERXWIHHW7KHVHVHGLPHQWV
ODSRQWRWKHIODQNVRIWKH7XDODWLQ0RXQWDLQV0RXQW6\OYDQLDDQGRWKHUXSODQGDUHDV7KH
\RXQJHUDOOXYLDOVHGLPHQWVZHUHGHSRVLWHGE\FDWDVWURSKLFIORRGVLQWKH&ROXPELD5LYHUGUDLQDJH
EDVLQ7KHIORRGVRULJLQDWHGIURPJODFLDO/DNH0LVVRXODIRUPHGZKHQDOREHRIWKHFRQWLQHQWDO
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LFHVKHHWEORFNHGWKHGUDLQDJHRIWKH&ODUN)RUN5LYHULQZHVWHUQ0RQWDQD7KHODNHJUHZLQ
GHSWKXQWLOWKHLFHGDPIDLOHGDQGWKHUHVXOWLQJIORRGWRUUHQWZDVKHGDFURVVVRXWKHDVWHUQ
:DVKLQJWRQWKURXJKWKH&ROXPELD5LYHU*RUJHDQGRQGRZQWKH&ROXPELD5LYHU$
FRQVWULFWLRQLQWKH&ROXPELDFKDQQHOLQWKH5DLQLHUDUHDFDXVHGWKHIORRGZDWHUWREDFNXSLQWR
WKH:LOODPHWWHDQG7XDODWLQYDOOH\VIRUPLQJDODUJHWHPSRUDU\ODNHWKDWUHDFKHGDVIDUVRXWKDV
(XJHQH)ROORZLQJWKHLQLWLDOIORRGWKHLFHVHWWOHGLQDJDLQDFURVVWKH&ODUN)RUN9DOOH\DQG
/DNH0LVVRXODUHILOOHG7KLVILOOLQJDQGFDWDVWURSKLFHPSW\LQJZDVUHSHDWHGPDQ\WLPHVGXULQJ
WKHODVW,FH$JHRIWKH3OHLVWRFHQHHSRFK WKHODVWVHULHVRIDWOHDVWIORRGVRFFXUUHGEHWZHHQ
DERXWDQG\HDUVDJR 7KUHHIDFLHVRIFDWDVWURSKLFIORRGGHSRVLWVDUHUHFRJQL]HG
E\0DGLQ    DFKDQQHOIDFLHV  DILQHJUDLQHGIDFLHVDQG  DFRDUVHJUDLQHGIDFLHV
Channel Facies
7KHFKDQQHOIDFLHVRIFDWDVWURSKLFIORRGGHSRVLWVFRQVLVWRIFRPSOH[O\LQWHUOD\HUHGDQG
YDULDEOHVLOWVVDQGVDQGJUDYHOVGHSRVLWHGLQPDMRUIORRGZD\VE\IORRGHYHQWVRIFDWDVWURSKLF
SURSRUWLRQV:HVWRI2VZHJR/DNHWKHFKDQQHOIDFLHVRFFXUVDVDODUJHDOOXYLDOIDQGHSRVLWHG
DVIORRGZDWHUVXUJHGWKURXJKWKH2VZHJR/DNH*DS7KHGHSRVLWVFRQWDLQQXPHURXVODUJH
EDVDOWERXOGHUVVFDWWHUHGWKURXJKRXWWKHDUHDEHWZHHQ2VZHJR/DNHDQGWKH7XDODWLQ5LYHUDQG
EHWZHHQWKH2VZHJR&DQDODQG/RZHU%RRQHV)HUU\5RDG7KH%RRQHV)HUU\5RDGSURMHFWDUHD
OLHVJHQHUDOO\QRUWKRIEXWPDUJLQDOWRGHSRVLWVRIWKHFKDQQHOIDFLHV
Fine-Grained Facies
7KHILQHJUDLQHGIDFLHVRIFDWDVWURSKLFIORRGGHSRVLWVFRQVLVWRIFRDUVHVDQGWRVLOW
GHSRVLWHGE\FDWDVWURSKLFIORRGVRXWVLGHRIPDMRUIORRGFKDQQHOVZKHUHIORRGFXUUHQWVZHUHRI
ORZHUYHORFLW\DQGOHVVWXUEXOHQW7KHILQHUVHGLPHQWVDUHSUHGRPLQDQWO\TXDUW]DQGIHOGVSDUDQG
DOVRFRQWDLQZKLWHPLFD7KHFRDUVHUVHGLPHQWVDUHSUHGRPLQDQWO\&ROXPELD5LYHUEDVDOW
IUDJPHQWV3RRUO\GHILQHGEHGVRIWRIHHWLQWKLFNQHVVDUHREVHUYHGLQRXWFURSDQGFRPSOH[
OD\HULQJLVUHFRUGHGLQERUHKROHV6RLOGHYHORSPHQWFRPPRQO\LQWURGXFHVVLJQLILFDQWFOD\LQWR
WKHXSSHUWRIHHWRIWKHGHSRVLWV7KHILQHVHGLPHQWVDUHORFDOO\WKLFNDWORZHUHOHYDWLRQV
DQGH[WHQGXSVORSHDVDPDQWOHWRDPD[LPXPHOHYDWLRQEHWZHHQDQGIHHW7KHILQH
JUDLQHGIDFLHVPDQWOHVWKHHQWLUH%RRQHV)HUU\5RDGSURMHFWDUHD
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Coarse-Grained Facies
7KHFRDUVHJUDLQHGIDFLHVRIFDWDVWURSKLFIORRGGHSRVLWVFRQVLVWVRISHEEOHWRERXOGHU
JUDYHOLQDVLOWDQGFRDUVHVDQGPDWUL[7KHFRDUVHVHGLPHQWVDUHZHOOJUDGHGLHFRQWDLQDZLGH
UDQJHRIFODVWVL]HVDQGDUHPRGHUDWHO\WRZHOOURXQGHG7KHFRDUVHGHSRVLWVUDQJHIURP
RSHQZRUNJUDYHOWRJUDYHOZLWKFRQVLGHUDEOHILQHJUDLQHGPDWUL[PDWHULDO&ODVWVDUHODUJHO\
EDVDOWEXWRWKHUOLWKRORJLHVPD\GRPLQDWHORFDOO\7KHFRDUVHJUDLQHGIDFLHVLVQRWPDSSHGE\
0DGLQ  RU%HHVRQDQGRWKHUV  LQWKH%RRQHV)HUU\5RDGSURMHFWDUHDEXWJUDYHOO\
GHSRVLWVKDYHEHHQUHFRJQL]HGLQERUHKROHVZLWKLQWKHSURMHFWFRUULGRU
Soils Mapping
6RLOVPDSSLQJE\*UHHQ  GHVFULEHVWKUHHVRLOXQLWVWKDWFRYHUWKH%RRQHV)HUU\5RDG
SURMHFWDUHD6DOHP6LOW/RDPVRLOVXQGHUOLHPRVWRIWKHSURMHFWDUHDIURP0DGURQD6WUHHWWRWKH
YLFLQLW\RI'RXJODV:D\7KHVHVRLOVZHUHIRUPHGIURPILQHJUDLQHGDQGFRDUVHJUDLQHG
FDWDVWURSKLFIORRGGHSRVLWVVLOWORDPVRLOVJHQHUDOO\JUDGHGRZQWRJUDYHOO\FOD\ORDPDQGWKHQ
WRYHU\JUDYHOO\ORDP\VDQG7KHXQLWW\SLFDOO\FRQWDLQVSHUFHQWJUDYHODQGDERXWSHUFHQW
FREEOHV7KLVVRLOXQLWLVZHOOGUDLQHGDQGJURXQGZDWHULVGHHS
7KHVHFRQGVRLOXQLW&RYH6LOW\&OD\/RDPLVSUHVHQWIURPWKHYLFLQLW\RI'RXJODV:D\WRWKH
YLFLQLW\RI'DQLHO:D\7KH&RYHVRLOVZHUHIRUPHGIURPILQHJUDLQHGFDWDVWURSKLFIORRG
GHSRVLWV$W\SLFDOYHUWLFDOVRLOVHFWLRQJUDGHVIURPORZSODVWLFLW\FOD\WRKLJKSODVWLFLW\FOD\
7KHVHVRLOVDUHSRRUO\GUDLQHGVXUIDFHZDWHUKDVDWHQGHQF\WRSRQGUDWKHUWKDQLQILOWUDWHDQGWKH
VRLOVWHQGWREHVDWXUDWHGGXULQJZLQWHU7KHVHVRLOVJHQHUDOO\KDYHDORZVWUHQJWKFRQWDLQ
H[FHVVLYHILQHJUDLQHGPDWHULDODQGDUHSURQHWRVKULQNLQJDQGVZHOOLQJZKHQVXEMHFWHGWR
F\FOHVRIGU\LQJDQGZHWWLQJ
7KHWKLUGVRLOXQLWLVWKH&DVFDGH6LOW/RDP7KLVVRLOXQLWLVPDSSHGMXVWQRUWKRIWKH%RRQHV
)HUU\5RDGSURMHFWDUHDEXWLVLQFOXGHGLQWKLVGLVFXVVLRQEHFDXVHRILWVYHU\FORVHSUR[LPLW\
XQFHUWDLQVRLOXQLWERXQGDULHVDQGFKDUDFWHULVWLFVVLPLODUWRWKH&RYHVRLOV&DVFDGH6LOW/RDP
VRLOVKDYHEHHQIRUPHGLQILQHJUDLQHGFDWDVWURSKLFIORRGGHSRVLWVZKLFKPD\RYHUOLHFROOXYLDO
VRLOVGHULYHGIURPWKH%RULQJODYDYROFDQRWKDWULVHVLQ:DOOXJD3DUN&DVFDGHVRLOVW\SLFDOO\
JUDGHGRZQZDUGIURPVLOWWRVLOW\FOD\DQGDOD\HURIEDVDOWVWRQHVLVRIWHQREVHUYHGDERXW
IHHWEHORZWKHJURXQGVXUIDFH EJV &DVFDGHVRLOVDUHSRRUO\GUDLQHGDQGPD\FRQWDLQDSHUFKHG
OD\HURIJURXQGZDWHUEHWZHHQDQGIHHWEJV
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Soil Permeability
3HUPHDELOLW\LVDPHDVXUHRIWKHVRLO¶VDELOLW\WRWUDQVPLWZDWHU3HUPHDELOLW\YDOXHVW\SLFDORI
WKHWKUHHVRLOXQLWVGHVFULEHGDERYHDUHJLYHQLQ*UHHQ  DQGSURYLGHGEHORZLQ7DEOH
7KHSHUPHDELOLW\YDOXHVVKRXOGEHFRQVLGHUHGDSSUR[LPDWHFRQVLGHUDEOHYDULDWLRQLQ
SHUPHDELOLW\PD\RFFXUZLWKLQHDFKLQGLYLGXDOVRLOXQLW
TABLE 1. SOIL PERMEABILITY*
Type of Soil
&DVFDGH6LOW/RDP

&RYH6LOW\&OD\/RDP

Soil Unit by Depth in Inches
WR
WR
WR
WR

Approximate Permeability in Inches/Hour
WR
WR
WR
WR

WR
WR
WR
WR

6DOHP6LOW/RDP


WR
WR
!

3HUPHDELOLW\GDWDIURP*UHHQ6RLO6XUYH\RI&ODFNDPDV&RXQW\

OTHER INFORMATION SOURCES
Lake Grove Elementary School
:HVSRNHZLWK0U5RE'UHLHU'LUHFWRURI7HFKQLFDODQG(QJLQHHULQJ6HUYLFHVIRUWKH/DNH
2VZHJR6FKRRO'LVWULFW0U'UHLHUZDVNLQGHQRXJKWRVKDUHFRSLHVRIWZRJHRWHFKQLFDO
LQYHVWLJDWLRQVSUHSDUHGIRUWKH/DNH*URYH(OHPHQWDU\6FKRROZKLFKLVORFDWHGDW6:
%RRQHV)HUU\5RDG7KHVHJHRWHFKQLFDOUHSRUWVFRQWDLQHGWKHGDWDREWDLQHGIURPVHYHUDOERULQJV
DQGWHVWH[FDYDWLRQVZKLFKZHUHFRPSOHWHGRQWKHVFKRROJURXQGVWRHYDOXDWHVXEVXUIDFH
FRQGLWLRQVIRUDVWRUPGUDLQDJHV\VWHP
7KHWZRVFKRROGLVWULFWJHRWHFKQLFDOLQYHVWLJDWLRQV*HRFRQ DDQGE IRXQGGLIILFXOW
FRQGLWLRQVIRUGULOOLQJDQGH[FDYDWLQJ$VXUILFLDOOD\HURIVLOW\VRLOZDVSUHVHQWRYHUO\LQJGHQVH
JUDYHOFREEOHVDQGERXOGHUV7KHVLOWOD\HUYDULHVLQWKLFNQHVVIURPLQFKHVWRDERXWIHHW
DQGLVJHQHUDOO\EHWZHHQDQGIHHWWKLFN7KHJUDYHOFREEOHOD\HULVGHQVHWRYHU\GHQVH
%RXOGHUVZLWKFREEOHVDQGVLOWZHUHFRPPRQERXOGHUVZHUHHQFRXQWHUHGLQHDFKRIWKHIRXU
ERULQJVDQGLQRIWKHWHVWH[FDYDWLRQV(DFKRIWKHERULQJVWHUPLQDWHGZKHQWKHHTXLSPHQW
HQFRXQWHUHG³UHIXVDO´FRQGLWLRQVLQGHQVHFREEOHVRUERXOGHUV0XOWLSOHDWWHPSWVZHUHPDGHDW
HDFKERULQJVLWHZLWKWKHGHHSHVWERULQJSHQHWUDWLQJWRDERXWIHHWEHORZWKHJURXQGVXUIDFH
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PRVWERULQJVZHUHQRPRUHWKDQRUIHHWGHHS$VDUHVXOWWKHVFKRROGLVWULFWGHFLGHGWKDW
LQILOWUDWLRQRIVWRUPZDWHULQWRGU\ZHOOVZDVLPSUDFWLFDODQGFKRVHWRSXUVXHDOWHUQDWLYHPHWKRGV
RIVWRUPZDWHUPDQDJHPHQW
7KHVHUHSRUWVLPSO\WKDWWKHJUDYHOFREEOHGHSRVLWVDUHDOOXYLDOKRZHYHULQWKHLUGHVFULSWLRQRI
WKHWHVWH[FDYDWLRQVLWLVQRWHGWKDWWKHH[FDYDWLRQVDUHPDGHGLIILFXOWE\³LQWHUORFNLQJURFN
IDFHV´,QWHUORFNLQJURFNIDFHVVXJJHVWJUDYHOFREEOHDQGERXOGHUVL]HGDQJXODUURFNFODVWV
UDWKHUWKDQURXQGHGFODVWVDQGPD\LQGLFDWHWKDWWKHXQLWEHLQJGHVFULEHGLVDGHHSO\ZHDWKHUHG
URFNUDWKHUWKDQDQDOOXYLXP²SRVVLEO\DZHDWKHUHGDQGGHFRPSRVHGEDVDOWIORZIURPWKH
YROFDQLFYHQWORFDWHGQRUWKZHVWRIWKHVFKRRODW:DOOXJD3DUN
Oregon Water Resources Department
:HREWDLQHGFRSLHVRIVHYHUDOJHRWHFKQLFDOKROHUHSRUWV LQDGGLWLRQWRWKHERULQJORJVIURPWKH
/DNH*URYH(OHPHQWDU\6FKRROLQYHVWLJDWLRQV IURPWKH2UHJRQ:DWHU5HVRXUFHV'HSDUWPHQW¶V
RQOLQHGDWDEDVH 2:5' 0RVWRIWKHERULQJVZHUHORFDWHGRQSURSHUWLHVDGMDFHQWWR
%RRQHV)HUU\5RDGEXWRQHZDVORFDWHGRQ8SSHU'ULYHDQGWKUHHZHUHORFDWHGRQDVLQJOHVLWH
RQ7ZLQ)LU5RDG0RVWRIWKHERULQJVZHUHVKDOORZYDU\LQJIURPDERXWWRIHHWEJV
DOWKRXJKVHYHUDOERULQJVRQWKH0HUFDQWLOH9LOODJHSURSHUW\H[WHQGHGWRIHHWDQGRQHRQWKH
3DFLILF/XPEHUSURSHUW\ERWWRPHGDWIHHWEJV
,QJHQHUDOWKHVHERULQJVGHVFULEHDVHTXHQFHRIVLOWWRFOD\H\VLOWRYHUO\LQJDVHTXHQFHFRQVLVWLQJ
RIJUDYHOZLWKFREEOHVVLOWDQGVDQG7KHKROHUHSRUWVGRQRWGHVFULEHWKHURXQGQHVVRU
DQJXODULW\RIWKHFODVWV
+RZHYHUWKHERULQJVDW0HUFDQWLOH9LOODJHYDU\IURPWKLVJHQHUDOSDWWHUQ7KUHHRIWKHHLJKW
ERULQJVGULOOHGRQWKLVVLWHDUHGRPLQDWHGE\VLOWDQGVDQGWRGHSWKVRIDURXQGIHHW7KHRWKHU
ILYHERULQJVDUHGHVFULEHGDV³PL[HGVLOWVDQGDQGJUDYHO´
Other Geotechnical Investigations
*HR'HVLJQ  GULOOHGIRXUERULQJVIRUDSURSRVHGZDWHUSLSHOLQHWKDWZLOOFURVV%RRQHV)HUU\
5RDGDWWKH5HHVH5RDG2DNULGJH5RDGLQWHUVHFWLRQ(DVWRI%RRQHV)HUU\5RDGWKHERULQJV
HQFRXQWHUHGUHVLGXDOVRLOVGHYHORSHGIURPEDVDOWURFNFRQVLVWLQJRIGHQVHVLOW\VDQGZLWKJUDYHO
VL]HGDQJXODUFODVWVJUDGLQJGRZQZDUGWRGHQVHJUDYHOVL]HGFODVWVZLWKUHGEURZQVLOW
+RZHYHUWKHERULQJGULOOHGDW%RRQHV)HUU\5RDGSHQHWUDWHGIHHWRIDOOXYLDOVLOWWKDWRYHUOD\V
ORRVHVLOW\DQJXODUJUDYHOZLWKVDQGZKLFKWKHORJVLQGLFDWHLVDOOXYLDO7KHQH[WWZRERULQJVRQ
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2DNULGJH5RDGZHVWRI%RRQHV)HUU\5RDGSHQHWUDWHDERXWIHHWRIDOOXYLDOVLOW\VDQGZLWK
JUDYHODQGWKHQJUDGHWRYHU\GHQVHUHVLGXDOVRLOVFRQVLVWLQJRIVLOW\JUDYHOZLWKVDQG
SITE RECONNAISSANCE
.LP(OOLRWW&(*SHUIRUPHGDEULHIUHFRQQDLVVDQFHRIWKHSURMHFWYLFLQLW\RQ$SULO
)HZVLJQLILFDQWVRLORUURFNRXWFURSVZHUHQRWHGLQWKLVGHYHORSHGHQYLURQPHQW:HGLGQRWHD
GHHSO\ZHDWKHUHGFOD\VRLOZLWKDURFNOLNHWH[WXUHZKLFKLVLQWHUSUHWHGDVZHDWKHUHGEDVDOWURFN
DGMDFHQWWR0HUFDQWLOH'ULYHLQWKHFKDQQHORIWKHXQQDPHGFUHHNWKDWLVDWULEXWDU\RI
6SULQJEURRN&UHHNDQGZHREVHUYHGVHYHUDOODUJHERXOGHUVLQWKHODQGVFDSLQJDWWKH/DNH*URYH
(OHPHQWDU\6FKRROZKLFKZHXQGHUVWDQGZHUHH[FDYDWHGRQWKHVFKRROJURXQGV+DUGEDVDOW
URFNRXWFURSVUHPQDQWVRIWKHIRUPHUURFNTXDUU\ZHUHREVHUYHGDW:DOOXJD3DUN
SUMMARY AND CONCLUSIONS
6XUIDFHJHRORJLFPDSSLQJE\ %HHVRQ0DGLQ LQGLFDWHVWKDWWKHHQWLUHSURMHFWDUHD
LVPDQWOHGE\ILQHJUDLQHGIORRGGHSRVLWVRIWKH0LVVRXOD)ORRGHSLVRGHV0DGLQ  
LQGLFDWHVWKDWWKHIORRGGHSRVLWVDUHRQWKHRUGHURIIHHWWKLFN7KLVGHSWKZRXOGDSSHDUWREH
FRUUHFWIURPWKHERULQJLQIRUPDWLRQRQWKH0HUFDQWLOH9LOODJHVLWH DOWKRXJKLQFRQVLVWHQWZLWK
VRLOVPDSSLQJGLVFXVVHGEHORZ EXWPRVWRWKHUGDWDDYDLODEOHIRUDUHDVDORQJ%RRQHV)HUU\
5RDGVXJJHVWWKDWWKHILQHJUDLQHG VLOWFOD\H\VLOWDQGVLOW\VDQG GHSRVLWVYDU\IURPIHHWRU
OHVVWRDERXWRUIHHW
7KHVXUILFLDOILQHJUDLQHGGHSRVLWVDUHXQGHUODLQE\VLOW\JUDYHOZLWKFREEOHVDQGVDQGDQG
ORFDOO\ERXOGHUVXSWRDWOHDVWLQFKHVLQGLDPHWHU7KHVHGHSRVLWVDUHSUREDEO\DPL[WXUHRI
DOOXYLDOGHSRVLWVIURPWKHFDWDVWURSKLFIORRGHSLVRGHVDQGUHVLGXDOPDWHULDOVWKDWKDYHZHDWKHUHG
DQGGHFRPSRVHGLQSODFHIURPWKHXQGHUO\LQJEHGURFN,WLVDOVROLNHO\WKDWWKHIORRGGHSRVLWHG
PDWHULDOFRQVLVWVLQODUJHSDUWRIHURGHGDQGUHGHSRVLWHGUHVLGXDOVRLODQGURFNPDWHULDOWKDWGLG
QRWWUDYHOIDUHQRXJKIURPLWVVRXUFHWRIRUPURXQGHGFODVWV7ZRJUDLQVL]HGHWHUPLQDWLRQV
SHUIRUPHGE\*HR'HVLJQ  LQGLFDWHWKDWWKHUHVLGXDOVRLOPDWHULDOFRQWDLQVDSSUR[LPDWHO\
HTXDOSRUWLRQVRIVLOWFOD\VDQGDQGJUDYHOVL]HSDUWLFOHV
7KHVRLOVPDSSLQJLVJHQHUDOO\FRQVLVWHQWZLWKWKHJHRORJLFPDSSLQJRYHUPRVWRIWKHSURMHFW
DUHDH[FHSWDWWKHQRUWKHQGQHDU0HUFDQWLOH9LOODJH7KHSRRUO\GUDLQHGVLOW\FOD\QDWLYHVRLOV
GHVFULEHGE\*UHHQ  DUHQRWFRQVLVWHQWZLWKWKHGHHSVDQG\VRLOVGHVFULEHGLQWKHERULQJV
,WLVYHU\OLNHO\WKDWWKHVDQG\VRLOVDUHSUHGRPLQDQWO\ILOOXVHGWRJUDGHWKHVLWHIRUGHYHORSPHQW
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*URXQGZDWHUOHYHOVZHUHQRWHGDWDERXWIHHWEJVRQWKH0HUFDQWLOH9LOODJHVLWHIHHWEJVRQ
WKH3DFLILF/XPEHUVLWHDQGDERXWIHHWEJVRQWKH&KHYURQVLWHDWWKHFRUQHURI%RRQHV)HUU\
5RDGDQG2DNULGJH5RDG*URXQGZDWHUZDVQRWREVHUYHGLQWKHRWKHUH[SORUDWLRQVUHYLHZHGDV
DSDUWRIWKLVVWXG\
,QVXPPDU\WKHGDWDREWDLQHGLVRIWHQFRQIOLFWLQJDQGFRQWUDGLFWRU\EHFDXVH  WKHEDVH
JHRORJ\DQGVRLOVPDSVFRQVLGHURQO\QDWLYHPDWHULDOVDQGPXFKRIWKHDUHDKDVEHHQPRGLILHG
E\GHYHORSPHQW  WKHVXEVXUIDFHGDWDZHUHYLHZHGZHUHQRWDYDLODEOHIRUWKHHDUOLHUJHRORJ\
DQGVRLOVPDSSLQJDQG  DOORIWKHVHVRXUFHVDUHLQWHUSUHWLYHWRVRPHGHJUHHDQG
LQWHUSUHWDWLRQVRIWKHPDWHULDOVYDU\ZLWKWKHEDFNJURXQGH[SHULHQFHDQGWUDLQLQJRIWKH
SURIHVVLRQDOVZKRSUHSDUHGWKHUHSRUWV
7KHLQILOWUDWLRQRIVWRUPZDWHUDSSHDUVWREHIHDVLEOHKRZHYHUORZSHUPHDELOLW\FRQGLWLRQVPD\
EHSUHVHQWORFDOO\SDUWLFXODUO\LQWKHQRUWKHUQSRUWLRQRIWKHSURMHFWDUHD7KHVXUILFLDOVLOW\VRLOV
DUHYDULDEOHLQWKLFNQHVVDQGJHQHUDOO\KDYHDORZSHUPHDELOLW\'HHSHUJUDYHOO\ RUURFN\ VRLOV
KDYHDKLJKHUSHUPHDELOLW\ DVLQGLFDWHGLQ7DEOH EXWWKHLUFRPSRVLWLRQDSSHDUVYDULDEOH
ZLWKLQWKHSURMHFWDUHDDQGPD\ORFDOO\FRQWDLQVLJQLILFDQWVLOWFOD\ILQHVWKDWFRXOGUHVWULFWWKH
LQILOWUDWLRQRIVWRUPZDWHU
RECOMMENDATIONS
)RUILQDOGHVLJQRIWKLVSURMHFWZHUHFRPPHQGWKDWLQILOWUDWLRQWHVWLQJEHSHUIRUPHGDWDIHZ
VHOHFWHGORFDWLRQVWRFRQILUPWKHDELOLW\RIWKHVRLOWRWDNHDQWLFLSDWHGVWRUPIORZV
LIMITATIONS
7KHFRQFOXVLRQVDQGUHFRPPHQGDWLRQVFRQWDLQHGLQWKLVUHSRUWDUHEDVHGXSRQLQIRUPDWLRQ
VRXUFHVFLWHGKHUHLQDQGXSRQVLWHFRQGLWLRQVDVWKH\H[LVWHGZKHQWKHVLWHUHFRQQDLVVDQFHZDV
PDGH:LWKLQWKHOLPLWDWLRQVRIWKHVFRSHVFKHGXOHDQGEXGJHWWKHHYDOXDWLRQVDQGFRQFOXVLRQV
SUHVHQWHGLQWKLVUHSRUWZHUHSUHSDUHGLQDFFRUGDQFHZLWKJHQHUDOO\DFFHSWHGSURIHVVLRQDO
JHRORJLFHQJLQHHULQJSULQFLSOHVDQGSUDFWLFHLQWKLVDUHDDWWKHWLPHWKLVUHSRUWZDVSUHSDUHG:H
PDNHQRZDUUDQW\HLWKHUH[SUHVVRULPSOLHG2XUFRQFOXVLRQVDQGUHFRPPHQGDWLRQVDUHEDVHG
RQRXUXQGHUVWDQGLQJRIWKHSURMHFWDVGHVFULEHGLQWKLVUHSRUWDQGWKHVLWHFRQGLWLRQVDV
LQWHUSUHWHGIURPWKHUHIHUHQFHVFLWHGDQGWKHUHFRQQDLVVDQFH
,IGXULQJILQDOGHVLJQDQGFRQVWUXFWLRQFRQGLWLRQVGLIIHUHQWIURPWKRVHGHVFULEHGLQWKLVUHSRUW
DUHREVHUYHGRUDSSHDUWREHSUHVHQWZHVKRXOGEHDGYLVHGDWRQFHVRWKDWZHFDQUHYLHZWKHVH
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4XDGUDQJOH&ODFNDPDV0XOWQRPDKDQG:DVKLQJWRQ&RXQWLHV2UHJRQ2UHJRQ
'HSDUWPHQWRI*HRORJ\DQG0LQHUDO,QGXVWULHV*HRORJLFDO0DS6HULHV*06VFDOH

*HRFRQD/DNH*URYH(OHPHQWDU\6FKRRO/DNH2VZHJR2UHJRQ*HRWHFKQLFDO
(QJLQHHULQJ6HUYLFHVan unpublished report prepared for/DNH2VZHJR6FKRRO'LVWULFW
UHSRUWGDWH0D\
*HRFRQE/DNH*URYH(OHPHQWDU\6FKRRO/DNH2VZHJR2UHJRQ*HRWHFKQLFDO
(QJLQHHULQJ6HUYLFHV6WRUPZDWHU3LSHOLQH$OLJQPHQWan unpublished report prepared
for/DNH2VZHJR6FKRRO'LVWULFWUHSRUWGDWH-XO\
*HR'HVLJQ*HRWHFKQLFDO'DWD5HSRUW/DNH2VZHJR)LQLVKHG:DWHU3LSHOLQH&ODFNDPDV
&RXQW\2UHJRQan unpublished report prepared for%URZQDQG&DOGZHOO5HSRUW'DWH
)HEUXDU\
*HULJ$-6RLO6XUYH\RI&ODFNDPDV&RXQW\$UHD2UHJRQ86'HSDUWPHQWRI
$JULFXOWXUH6RLO&RQVHUYDWLRQ6HUYLFHLQFRRSHUDWLRQZLWK86'HSDUWPHQWRIWKH
,QWHULRU%XUHDXRI/DQG0DQDJHPHQWDQG2UHJRQ$JULFXOWXUDO([SHULPHQW6WDWLRQ
S7DEOHVVRLOPDSV
0DGLQ,3(DUWKTXDNH+D]DUG*HRORJ\0DSVRIWKH3RUWODQG0HWURSROLWDQ$UHD
2UHJRQ2UHJRQ'HSDUWPHQWRI*HRORJ\DQG0LQHUDO,QGXVWULHV2SHQ)LOH5HSRUW2
VFDOHLQFOXGHV%HDYHUWRQ*ODGVWRQH+LOOVERUR/LQQWRQ/DNH2VZHJR
0RXQW7DERU3RUWODQGDQG6FKROOVTXDGUDQJOHV
2UHJRQ:DWHU5HVRXUFHV'HSDUWPHQW:HOO/RJ4XHU\
KWWSDSSVZUGVWDWHRUXVDSSVJZZHOOBORJ'HIDXOWDVS[
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Boones Ferry Rd. Refinement Phase II
Preliminary Geotechnical Evaluation
Lake Oswego, Oregon
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Important Information About Your Geotechnical/Environmental Report


CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFICCLIENTS.

&RQVXOWDQWVSUHSDUHUHSRUWVWRPHHWWKHVSHFLILFQHHGVRIVSHFLILFLQGLYLGXDOV$UHSRUWSUHSDUHGIRUDFLYLOHQJLQHHUPD\QRWEHDGHTXDWHIRU
DFRQVWUXFWLRQFRQWUDFWRURUHYHQDQRWKHUFLYLOHQJLQHHU8QOHVVLQGLFDWHGRWKHUZLVH\RXUFRQVXOWDQWSUHSDUHG\RXUUHSRUWH[SUHVVO\IRU\RX
DQGH[SUHVVO\IRUWKHSXUSRVHV\RXLQGLFDWHG1RRQHRWKHUWK DQ\RXVKRXOGDSSO\WKLVUHSRUWIRULWVLQWHQGHGSXUSRVHZLWKRXW ILUVW
FRQIHUULQJZLWKWKHFRQVXOWDQW1RSDUW\VKRXOG DSSO\WKLVUHSRUWIRUDQ\SXUSRVHRWKHUWKDQWKDWRULJLQDOO\FRQWHP SODWHGZLWKRXWILUVW
FRQIHUULQJZLWKWKHFRQVXOWDQW


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

$JHRWHFKQLFDOHQYLURQPHQWDOUHSRUWLVEDVHGRQDVXEVXUIDFHH[SORUDWLRQSODQGHVLJQHGWRFRQVLGHUDXQLTXHVHWRISURMHFWVSHFLILFIDFWRUV
'HSHQGLQJRQWKHSURMHFWWKHVHP D\LQFOXGHWKHJHQHUDOQDWXUHRI WKHVWUXFWXUHDQGSURSHUW\LQYROYHGLWVVL]HDQGFRQILJXUDWL RQLWV
KLVWRULFDOXVHDQGSUDFWLFHWKHORFDWLRQRIWKHVWUXFWXUHRQWKHVLWHDQGLWVRULHQWDWLRQRWKHULPSURYHPHQWVVXFKDVDFFHVVURDGVSDUNLQJORWV
DQGXQGHUJURXQGXWLOLWLHVDQGWKHDGGLWLRQDOULVNFUHDWHGE\VFRSH RIVHUYLFHOLPLWDWLRQVLPSRVHGE\WKH FOLHQW7RKHOSDYRLGFRVWO\
SUREOHPVDVNWKHFRQVXOWDQWWRHYDOXDWHKRZDQ\IDFWRUVWKDWFK
DQJHVXEVHTXHQWWRWKHGDWHRIWKHUHSRUWPD\DIIHFWWKHUHFRPPHQGDWLRQV
8QOHVV\RXUFRQVXOWDQWLQGLFDWHVRWKHUZLVH\RXUUHSRUWVKRXOGQRW EHXVHG  ZKHQWKHQDWXUHRIWKHSURSRVHGSURMHFWLVFKDQ JHG IRU
H[DPSOHLIDQRI ILFHEXLOGLQJZLOOEHHUHFWHGLQVWHDGRIDSD UNLQJ JDUDJH RU LI DUHIULJHUDWHGZDUHKRXVHZLOOEHEXLOWLQVWHD GRIDQ
XQUHIULJHUDWHGRQHRUFKHPLFDOVDUHGLVFRYHUHGRQRUQHDUWKHVLWH  ZKHQWKHVL]HHOHYDWLRQRUFRQILJXUDWLRQRIWKHSURSRVHGSURMHFWLV
DOWHUHG  ZKHQWKHORFDWLRQRURULHQWDWLRQ RIWKHSURSRVHGSURMHFWLVP RGLILHG  ZKHQWKHUHLVDFKDQJHRIRZQHUVKLSRU  IRU
DSSOLFDWLRQWRDQDGMDFHQWVLWH&RQVXOWDQWVFDQQRWDFFHSWUHV
SRQVLELOLW\IRUSUREOHPVWKDWPD\RFFXULIWKH\DUHQRWFRQVXOWHGDIWHUIDFWRUV
ZKLFKZHUHFRQVLGHUHGLQWKHGHYHORSPHQWRIWKHUHSRUWKDYHFKDQJHG


SUBSURFACE CONDITIONS CAN CHANGE.

6XEVXUIDFHFRQGLWLRQVPD\EHDIIHFWHGDVDUHVXOWRIQDWXUDOSURFHVVHVRUKXPDQDFWLYLW\%HFDXVHDJHRWHFKQLFDOHQYLURQPHQWDOUHSRUWLV
EDVHGRQFRQGLWLRQVWKDWH[LVWHGDWWKHWLP HRI VXEVXUIDFHH[SORUDWLRQFRQVWUXFWLRQGHFLVLRQVVKRXOGQRWEHEDVHGRQDUHSRUW ZKRVH
DGHTXDF\PD\KDYHEHHQDI IHFWHGE\WLPH$VNWKHFRQVXOWDQWWR DGYLVHLIDGGLWLRQDOWHVWVDUHGHVLUDEOHEHIRUHFRQVWUXFWLRQVW DUWVIRU
H[DPSOHJURXQGZDWHUFRQGLWLRQVFRPPRQO\YDU\VHDVRQDOO\

&RQVWUXFWLRQRSHUDWLRQVDWRUDGMDFHQWWRWKHVLWHDQGQDWXUDOHYHQWVVXFKDVIORRGVHDUWKTXDNHVRUJURXQGZDWHUIOXFWXDWLRQVPD\DOVRDIIHFW
VXEVXUIDFHFRQGLWLRQVDQGWKXVWKHFRQWLQXLQJDGHTXDF\RIDJH
RWHFKQLFDOHQYLURQPHQWDOUHSRUW7KHFRQVXOWDQWVKRXOGEHNHSWDSSULVHGRI
DQ\VXFKHYHQWVDQGVKRXOGEHFRQVXOWHGWRGHWHUPLQHLIDGGLWLRQDOWHVWVDUHQHFHVVDU\


MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS.

6LWHH[SORUDWLRQDQGWHVWLQJLGHQWLILHVDFWXDOVXUIDFHDQGVXEVXUIDFHFRQGLWLRQVRQO\DWWKRVHSRLQWVZKHUHVDPSOHVDUHWDNHQ7KHGDWDZHUH
H[WUDSRODWHGE\\RXUFRQVXOWDQWZKRWKHQDSSOLHGMXGJPHQWWRUHQGHUDQRSLQLRQDERXWRYHUDOOVXEVXUIDFHFRQGLWLRQV7KHDFWXDOLQWHUIDFH
EHWZHHQPDWHULDOVPD\EHIDUPRUHJUDGXDORUDEUXSWWKDQ\RXUUHSRUWLQGLFDWHV$FWXDOFRQGLWLRQVLQDUHDVQRWVDPSOHGPD\GLIIHUIURP
WKRVHSUHGLFWHGLQ\RXUUHSRUW:KLOHQRWKLQJFDQEHGRQHWRSUHYHQWVXFKVLWXDWLRQV\RXDQG\RXUFRQVXOWDQWFDQZRUNWRJHWKHUWRKHOS
UHGXFHWKHLULPSDFWV5HWDLQLQJ\RXUFRQVXOWDQWWRREVHUYHVXEVXUIDFHFRQVWUXFWLRQRSHUDWLRQVFDQEHSDUWLFXODUO\EHQHILFLDOLQWKLVUHVSHFW






A REPORT'S CONCLUSIONS ARE PRELIMINARY.

7KHFRQFOXVLRQVFRQWDLQHGLQ\RXUFRQVXOWDQW VUHSRUWDUHSUHOLPLQDU\EHFDXVHWKH\P XVWEHEDVHGRQWKHDVVXP SWLRQWKDWFRQGLWL RQV
UHYHDOHGWKURXJKVHOHFWLYHH[SORUDWRU\VDPSOLQJDUHLQGLFDWLYHRIDFWXDOFRQGLWLRQVWKURXJKRXWDVLWH$FWXDOVXEVXUIDFHFRQGLWLRQVFDQEH
GLVFHUQHGRQO\GXULQJHDUWKZRUNWKHUHIRUH\RXVKRXOGUHWDLQ\RXUFRQVXOWDQWWRREVHUYHDFWXDOFRQGLWLRQVDQGWRSURYLGHFRQFOXVLRQV2QO\
WKHFRQVXOWDQWZKRSUHSDUHGWKHUHSRUWLVIXOO\IDPLOLDUZLWKWKHEDFNJURXQGLQIRUPDWLRQQHHGHGWRGHWHUPLQHZKHWKHURUQRWWKHUHSRUW V
UHFRPPHQGDWLRQVEDVHGRQWKRVHFRQFOXVLRQVDUHYDOLGDQGZKHWKHURUQRWWKHFRQWUDFWRULVDELGLQJE\DSSOLFDEOHUHFRPPHQGDWLRQV7KH
FRQVXOWDQWZKRGHYHORSHG\RXUUHSRUWFDQQRWDVVXPHUHVSRQVLELOLW\RUOLDELOLW\IRUWKHDGHTXDF\RIWKHUHSRUW VUHFRPPHQGDWLRQVLIDQRWKHU
SDUW\LVUHWDLQHGWRREVHUYHFRQVWUXFWLRQ


THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION.

&RVWO\SUREOHPVFDQRFFXUZKHQRWKHUGHVLJQSURIHVVLRQDOVGHYHORSWKHLUSODQVEDVHGRQPLVLQWHUSUHWDWLRQRIDJHRWHFKQLFDOHQYLURQPHQWDO
UHSRUW7RKHOSDYRLGWKHVHSUREOHPVWKHFRQVXOWDQWVKRXOGEHUHWDLQHGWRZRUNZLWKRWKHUSURMHFWGHVLJQSURIHVVLRQDOVWRH[SODLQUHOHYDQW
JHRWHFKQLFDOJHRORJLFDOK\GURJHRORJLFDODQGHQYLURQPHQWDOILQGLQJVDQGWRUHYLHZWKHDGHTXDF\RIWKHLUSODQVDQGVSHFLILFDW
LRQVUHODWLYH
WRWKHVHLVVXHV


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

)LQDOERULQJORJVGHYHORSHGE\WKHFRQVXOWDQWDUHEDVHGRQLQWHUSUHWDWLRQRIILHOGORJV DVVHPEOHGE\VLWHSHUVRQQHO ILHOGWHVWUHVXOWVDQG
ODERUDWRU\DQGRURI ILFHHYDOXDWLRQRIILHOG VDPSOHV DQG GDWD  2QO\ILQDOERULQJORJVDQGGDWDDUHFXVWRP
DULO\LQFOXGHGLQ
JHRWHFKQLFDOHQYLURQPHQWDOUHSRUWV7KHVHILQDOORJVVKRXOGQRWXQGHUDQ\FLUFXPVWDQFHVEHUHGUDZQIRULQFOXVLRQLQDUFKLWHFWXUDORURWKHU
GHVLJQGUDZLQJVEHFDXVHGUDIWHUVPD\FRPPLWHUURUVRURPLVVLRQVLQWKHWUDQVIHUSURFHVV

7RUHGXFHWKHOLNHOLKRRGRIERULQJORJRUP RQLWRULQJZHOOPLVLQWHUSUHWDWLRQFRQWUDFWRUVVKRXOGEHJLYHQUHDG\DFFHVVWRWKHFR PSOHWH
JHRWHFKQLFDOHQJLQHHULQJHQYLURQPHQWDOUHSRUWSUHSDUHGRUDXWKRUL]HGIRUWKHLUXVH,IDFFHVVLVSURYLGHGRQO\WRWKHUHSRUWSUHSDUHGIRU
\RX\RXVKRXOGDGYLVHFRQWUDFWRUVRIWKHUHSRUWVOLPLWDWLRQVDVVXPLQJWKDWDFRQWUDFWRUZDVQRWRQHRIWKHVSHFLILFSHUVRQVIRUZKRPWKH
UHSRUWZDVSUHSDUHGDQGWKDWGHYHORSLQJFRQVWUXFWLRQFRVWHVWLPDWHVZDVQRWRQHRIWKHVSHFLILFSXUSRVHVIRUZKLFKLWZDVSUHS
DUHG:KLOHD
FRQWUDFWRUPD\JDLQLPSRUWDQWNQRZOHGJHIURPDUHSRUWSUHSDUHGIR UDQRWKHUSDUW\WKHFRQWUDFWRUVKRXOGGLVFXVVWKHUHSRUWZLWK \RXU
FRQVXOWDQWDQGSHUIRUPWKHDGGLWLRQDORUDOWHUQDWLYHZRUNEHOLHYHGQHFHVVDU\WRREWDLQWKHGDWDVSHFLILFDOO\DSSURSULDWHIRUFR
QVWUXFWLRQFRVW
HVWLPDWLQJSXUSRVHV6RP HFOLHQWVKROGWKHP LVWDNHQLPSUHVVLRQWKDWVLPSO\GLVFODLPLQJUHVSRQVLELOLW\IRUWKHDFFXUDF\RI VXEVXUIDFH
LQIRUPDWLRQDOZD\VLQVXODWHVWKHPIURPDWWHQGDQWOLDELOLW\3URYLGLQJWKHEHVWDYDLODEOHLQIRUPDWLRQWRFRQWUDFWRUVKHOSVSUHYHQWFRVWO\
FRQVWUXFWLRQSUREOHPVDQGWKHDGYHUVDULDODWWLWXGHVWKDWDJJUDYDWHWKHPWRDGLVSURSRUWLRQDWHVFDOH


READ RESPONSIBILITY CLAUSES CLOSELY.

%HFDXVHJHRWHFKQLFDOHQYLURQPHQWDOHQJLQHHULQJLVEDVHGH[WHQVLY HO\RQMXGJPHQWDQGRSLQLRQLWLVIDUOHVVH[DFWWKDQRWKHUGH VLJQ
GLVFLSOLQHV7KLVVLWXDWLRQKDVUHVXOWHGLQZKROO\XQZDUUDQWHGFODLP VEHLQJORGJHGDJDLQVWFRQVXOWDQWV 7RKHOS SUHYHQWWKLVSUREOHP
FRQVXOWDQWVKDYHGHYHORSHGDQXPEHURIFODXVHVIRUXVHLQWKHLUFRQWUDFWVUHSRUWVDQGRWKHUGRFXPHQWV7KHVHUHVSRQVLELOLW\FODXVHVDUHQRW
H[FXOSDWRU\FODXVHVGHVLJQHGWRWUDQVIHUWKHFRQVXOWDQW VOLDELOLWLHVWRRWKHUSDUWLHVUDWKHUWKH\DUHGHILQLWLYHFODXVHVWKDWLGHQWLI\ZKHUHWKH
FRQVXOWDQW VUHVSRQVLELOLWLHVEHJLQDQGHQG   7KHLU XVHKHOSVDOOSDUWLHVLQYROYH GUHFRJQL]HWKHLULQGLYLGXDOUHVSRQVLELOLWLHV DQGWDNH
DSSURSULDWHDFWLRQ6RPHRIWKHVHGHILQLWLYHFODXVHVDUHOLNHO\WRDSSHDULQ\RXUUHSRUWDQG\RXDUHHQFRXUDJHGWRUHDGWKHP
FORVHO\<RXU
FRQVXOWDQWZLOOEHSOHDVHGWRJLYHIXOODQGIUDQNDQVZHUVWR\RXUTXHVWLRQV







7KHSUHFHGLQJSDUDJUDSKVDUHEDVHGRQLQIRUPDWLRQSURYLGHGE\WKH

$6)($VVRFLDWLRQRI(QJLQHHULQJ)LUPV3UDFWLFLQJLQWKH*HRVFLHQFHV6LOYHU6SULQJ0DU\ODQG







