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H.1 INTRODUCTION

The Council’s Structural Standard, OAR 345-022-0020 requires that the Applicant
adequately characterize seismic and non-seismic geologic and soil hazards of the Project,
and that the Applicant design, engineer and construct the Project to avoid danger to
human safety from these hazards. Specifically OAR 345-022-0020 states:

In addition OAR 345-021-0010(1)(h) requires that information be provided to meet the
standard, specifically:

The Project will be located on private land in an unincorporated area of Sherman County.
It will consist of up to 267 wind turbines. The Project will interconnect with the BPA
transmission system at two locations — one near Klondike Schoolhouse Substation (200
MW) and one at the John Day Substation (200 MW). Overhead transmission lines (one
approximately 4 miles and one approximately 11 miles) will be built from the project
substations to the BPA interconnection points.

Power generation facilities will include wind turbines that have an aggregate nominal
nameplate generating capacity of up to 400 MW. The turbines will most likely consist of
either a 1.65 MW turbine with hub height of 78 meters and rotor diameter of 82 meters or
a 2.5 MW turbine with a hub height of 80 meters and rotor diameter of 96 meters. The
turbines will be sited within 900-foot corridors; their precise locations within each
corridor will be determined by the Applicant, based on the wind turbine model selected
and the various siting criteria.

The Project will also include approximately 50 miles of newly constructed 16- to 20-foot
wide access roads and turnaround areas (temporary accessways will be widened to about
36 feet for construction), up to six permanent meteorological towers up to 85 meters in
height, a 62 mile long 34.5-kilovolt (kV) power collection system (possibly all
underground) linking each turbine to the next and to the project substations, two project
substations including a 4 and an 11-mile long overhead transmission line will be
constructed to the points of interconnection with BPA, an O&M facility including an
approximately 5,000 square foot building and groundwater supply well, and a fully
integrated SCADA system. There will also be several principal, temporary laydown
areas for the staging of construction equipment, wind turbines and their components,
towers, and other parts, facilities, and equipment.

Figure H-1 shows the approximate locations of the wind turbine corridors, new access
roads, power collection system corridors, substations, overhead transmission lines, and
the temporary laydown areas. Existing state and county roads designated for
improvements are also shown.

A detailed geologic study of the project area was performed to fulfill the requirements of
OAR 345-021-0010(1)(h). The findings of the geologic and soil stability study (i.e., this
Exhibit) demonstrate that the above standards can be met. Characterization of seismic,
geologic, and soil hazards of the Project indicate a low potential for risk. The facilities
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H.2

H.2.1

H.2.2

will be designed and constructed to standards that adequately protect the proposed
facilities and the public from seismic, geologic and soil hazards.

GEOLOGICAL AND TOPOGRAPHIC FEATURES

OAR 345-021-0010(1)(h)(A) A geologic report meeting the guidance in Oregon
Department of Geology and Mineral Industries open file report 00-04 *““Guidelines for
Engineering Geologic reports and Site-Specific Seismic Hazard Reports.”

Response: Topographic and geologic conditions/hazards within the Project were
evaluated by reviewing available reference materials (including publications and State
logs of water wells), reviewing topographic and geologic maps, and aerial photos, and
conducting a field reconnaissance of the proposed project area. The findings are
described in the following sections. Prior to construction, explorations, testing, and
engineering analysis will be conducted for final design purposes.

Topography

The Project is located in Sherman County near the towns of Wasco and Moro, Oregon.
Sherman County, located in north-central Oregon. The County is bordered to the north by
the Columbia River, the Deschutes River to the west and the John Day River to the east.
Much of the south boundary is defined by Buck Hollow Creek, a tributary of the
Deschutes River.

The open rolling hills and steeper narrow canyons within the Project range in surface
elevation from about 1,100 feet on the northern edge to about 1,900 feet on the rolling
hills near the southern edge of the project area. Regionally, the ground surface generally
slopes down the north.

Much of the project area ground surface gradient is very flat with a typical range of about
1 to 5 percent in the open rolling hills and near the crest of ridges. There are areas where
the slopes approach 10 percent. The gradient with the side slopes of the rolling hills and
narrower ridges is generally controlled by near-surface geology (i.e., loess or basalt) and
typically ranges from 5 to 10 percent, with some areas approaching 20 to 25 percent and
isolated steeper areas (especially where basalt bedrock is exposed at the ground surface).

Existing cut and fill slopes are uncommon within the project area and typically are less
than 10 feet high. During the reconnaissance of the project area, some isolated cuts were
up to about 30 feet in height.

Much of the rolling hills and wider ridgelines above the drainageways and gulleys are
cultivated for wheat and other crops.

Geologic Features

All of Sherman County is located within the Deschutes-Columbia River Plateau in north-
central Oregon. The project area is located in the Columbia Plateau physiographic

province. The province is predominantly a volcanic plateau covering over 63,000 square
miles in Oregon, Washington and Idaho. Mountains surround the plateau on all sides; the
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Okanogan Highlands are located to the north, the Cascade Range to the west, and the
Blue Mountains in Oregon to the south and east. In Oregon, the province surface gently
descends northerly towards the Columbia River.

The bedrock that underlies much of the region began erupting approximately 24 million
years ago as immense outpourings of basalt. During this time, the voluminous flows of
the Columbia River Basalt Group erupted from volcanic vents located in central and
northeast Oregon, southeast Washington and Idaho. These eruptions created a massive
“flood basalt” province.

The Grande Ronde Basalt and Frenchman Springs and Priest Rapids members, of the
Wanapum Basalt, are all part of the Columbia River Basalt Group (CRBG) that
comprises the volcanic bedrock in most of the area. The Grande Ronde Basalt is the
oldest of the three basalt types and also has the most extensive surface exposure in this
study area. The Grande Ronde Basalt consists of fine-grained basalt with a total
thickness up to several thousand feet. Quaternary loess (i.e., wind blown silt) deposits
cover most of the bedrock in the Project. In general, basalt bedrock is only exposed at
the ground surface in valley walls, road cuts, and rock pits.

Near the end of the last major Ice Age about 15,000 years ago, large lakes formed behind
massive ice dams in western Montana. When these dams repeatedly failed (on the order

of about 40 times), the torrential “Missoula Floods” repeatedly poured massive amounts

of water and debris down the Columbia Plateau. These floods continued for about 2,000
years.

Flood elevations likely reached as high as about 1,100 feet above mean sea level (amsl)
in the vicinity of the Project. Where side canyons or tributaries enter the Columbia
River, the flood waters flowed back into them. Just north of the Project, the lower
elevations of the canyons show topographic evidence suggesting scouring by the ebb and
flood of the “Missoula Floods™.

The massive outpourings scoured the surface of the Columbia Plateau bedrock and also
deposited silt, sand, gravel, and cobbles/boulders. After the Missoula Floods, stream and
some wind-related depositional and erosive processes continued to dominate the geology
of the Columbia Plateau. Alluvium, alluvial fans, and landslides have formed in incised
valleys while deposits of wind blown sand and silt (i.e., loess) have formed on top of the
basalt bedrock.

Based on the results of this study, the loess covers the underlying basalt bedrock
throughout much of the project area. Topographic maps, geologic maps, logs of water
wells, and the site reconnaissance indicates that the loess deposit ranges up to about 40
feet thick (averaging about 15 feet). This deposit overlies the basalt bedock and appears
to thin or not exist within the steeper areas along the sides of relatively narrow ridges and
within drainageways found throughout the project area (i.e., where basalt bedrock is
exposed).

Logs of water wells, native exposures of basalt bedrock, and basalt quarry exposures
indicate that the basalt generally is variably fractured, is fresh to slightly weathered,
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possesses very close to wide joint spacing, and has a variable hardness (generally ranging
from medium hard to hard). Where observed, the contacts between layers of basalt show
limited or no signs of a distinct weathered soil horizon.

H.2.3 Soils

A relatively thin veneer of soil exists throughout most of the project study area. The soil
principally consists of silty loam formed from weathering of loess (i.e., wind-blown silt
and fine sand). Where the loess deposit thins, there are variable amounts of weathered
rock fragments derived from basalt bedrock that underlies the loess. Where basalt
bedrock is exposed at the ground surface, the soil consists of a very gravelly/cobbly
loamy sand with boulders.

Refer to other sections of this Exhibit for additional information pertinent to preparation
of a geologic report in accordance with State guidance.

H.3 SITE-SPECIFIC GEOLOGIC AND GEOTECHNICAL WORK

OAR 345-021-0010(1)(h)(B) A description and schedule of site-specific geotechnical
work that will be performed before construction for inclusion in the site certificate as
conditions.

Response:

H.3.1 Future Work Planned

A detailed design geotechnical investigation will be conducted prior to the start of
construction. This design study will include exploratory test drilling at key locations
where site improvements are proposed. Where needed to enhance understanding of
subsurface soil/rock conditions in some areas and provide details on bulk shear wave
velocity and other properties, down-hole and surface geophysical studies will be
conducted. As needed, field resistivity and other non-destructive geophysical testing will
be conducted to evaluate bulk properties.

Soil and rock samples obtained during explorations will be utilized to evaluate soil and
rock characteristics in a laboratory. Such testing will include an array of tests including
some or all of the following: index tests to identify general characteristics, shear and
compressive tests, soil modulus tests for pavement design, thermal conductivity, and a
series of tests to evaluate corrosion potential.

Geotechnical engineering analysis of the field and laboratory data will be conducted.
Design recommendations will be prepared to address a myriad of design and construction
considerations including geotechnical aspects related to foundations, site grading,
utilities, roadways, and improvements to existing infrastructure (e.g., roads, culverts,
bridges).

It is anticipated that this design study will be conducted during the third quarter of 2007.
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H.3.2 Work Performed to Prepare This Exhibit

To prepare this Exhibit, GeoEngineers conducted a detailed office study and geologic
field reconnaissance along the proposed wind turbine corridors, underground connector
corridors, equipment lay down areas, transmission line alignments, project substations,
crane paths, and new permanent access roads. Areas of proposed improvements to
existing County road improvements were also included in the combined office/field
effort.

The findings of this work were used to preliminarily evaluate seismic and non-seismic
related hazards. The nature and extent of the work to date is presented in the following
paragraphs.

Review of Soils/Geologic and Other Publications

Topographic maps, aerial photos, geologic maps, professional publications, and soil
surveys were reviewed to identify potential subsurface soil and bedrock conditions,
bedrock depth and lithology, and structural attitude of faults within the Project. A list of
publications is presented in Section H.3.2.

Field Reconnaissance

A field reconnaissance of the Project was completed along the proposed wind turbine
corridors, new access road alignments, power collection system corridors, substations,
overhead transmission lines, temporary laydown areas, and existing state and county
roads designated for improvements. The field reconnaissance concentrated on
identifying geologic hazards, particularly in areas of concern identified during the review
of geologic literature.

The site reconnaissance focused on identifying and mapping features associated with
slope stability and landslides and other hazards including hummocky topography, ground
cracks, scarps, and vegetative indicators of instability. In addition, subsurface conditions
along the alignments were interpreted by observing exposures in road cuts, stream
channels and borrow pits. The information collected during the reconnaissance was used
to qualitatively assess the stability of slopes and landslides where these features were
found to be mapped during the geologic literature review, and for use in the seismic
hazards assessment of the Project.

Seismic Hazard Analyses

The Oregon Structural Specialty Code (OSSC), 2007 Edition will be used to design
equipment shelters and structures included in the proposed project. The OSSC uses the
International Building Code (IBC), 2006 edition, with current amendments by the state of
Oregon and local agencies. These standards are appropriate protection measures for
human safety of the proposed facilities.

A detailed seismic hazard analysis was conducted to establish earthquake ground motion
parameters suitable for use in design of the proposed facilities. Amplification factors at
the Project were based on a review of existing geologic information and information
collected during the site reconnaissance. Refer to Section H.7 of this Exhibit.
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Project Personnel

Exhibit H was prepared for the Applicant by GeoEngineers. The table below summarizes
GeoEngineers’ professional employees who had primary involvement during this study
and these individuals will be engaged in the site-specific work required for final design
before construction. A bio sketch for each of the primary investigators is also provided.

Employee Title Project Role

Principal in Charge

David K. Rankin, RG, CEG Principal Engineering Geologic and
Geotechnical Reconnaissance

Exhibit H Composition

Geologic Reconnaissance

Andrew P. Bauer Staff Geologist
Exhibit H Composition
Staff Seismic Analysis
Brent Nielsen, EIT Geotechnical Y
Engineer Exhibit H Composition
Catalena Cabrera GIS Analyst GIS and GPS Data Analysis

Cartography

David K. Rankin, RG, CEG, LEG, LHG, Principal. David has served as a Principal
and Project Manager, providing management and technical support, on numerous
regional and site-specific engineering geologic, geotechnical, and environmental projects,
including those related to energy facility siting/design/construction, commercial
development, government infrastructure, ports, industrial sites, and waterfront properties.
His geotechnical experience includes preliminary design/feasibility, hazard mitigation
planning for the State of Oregon and municipal agencies in Oregon (per FEMA
requirements), seismic risk evaluations (for FERC relicensing), landslide
evaluation/mitigation, deep and shallow foundations, excavation support, large
embankments, bridges, forensic evaluations of foundation/roadway damage, and most
other aspects of geotechnical exploration, analysis and design. David has over 27 years
of consulting experience principally in the Pacific Northwest, especially Oregon and
southwest Washington. He has a Master’s Degree in Geology with all applicable
geologic licenses in the states of Washington and Oregon. He is a Certified Engineering
Geologist and Registered Geologist in Oregon. He also has similar licenses in
Washington.
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H.4

Andrew P. Bauer, Staff Geologist. Andy has seven years professional experience
providing consulting services to public and private clients. He Graduated from Western
Oregon University in 2000 with a Bachelors degree in Geology. His geologic and
geotechnical experience includes numerous geotechnical design investigations,
construction materials testing, and special inspection of construction. His experience
includes field inspection and/or laboratory testing of reinforced concrete, structural
masonry, structural steel and welding, proprietary anchors, soils and aggregates, and
asphaltic concrete. Andy is highly knowledgeable of special inspection requirements
including communicating with the owner, contractor, engineer, architect, and building
official to assure that relevant codes, specifications, and recommendations are being
observed. Andy has worked on large diameter pipelines, roadways, healthcare facilities,
and commercial, industrial, and residential developments.

Brent Nielsen, EIT, Staff Geotechnical Engineer. Brent is an Engineer-in-Training
(EIT) working towards Professional Engineering Registration. While at Montana State
University, Brent studied civil engineering. He was graduate fellow teachers assistant for
several courses. Brent has performed geotechnical work in the following fields of
geotechnical engineering: subsurface investigations, shallow and deep foundations,
retaining walls, forensic evaluations, slope stability, seismic ground response, laboratory
soil testing, and construction monitoring.

Catalena Cabrera, GIS Analyst. Catalena has six years experience in the field of GIS.
Her experience includes designing, creating, maintaining, and analyzing client data. She
has extensive GIS analysis and local government planning and permitting software
integration. Catalena has conducted GIS training for public agencies and at state
conferences. She has comprehensive working experience with ESRI software products
including ArcView, Arcinfo Workstation and ArcGIS, and she is well versed with GPS
Trimble products.

EVIDENCE OF CONSULTATION

OAR 345-021-0010(1)(h)(C) Evidence of consultation with the Oregon Department of
Geology and Mineral Industries regarding the appropriate site-specific geotechnical
work that must be performed before submitting the application for the Department to
determine that the application is complete.

Response:

While preparing this Exhibit, GeoEngineers consulted Oregon Department of Geology
and Mineral Industries (DOGAMI) publications and other publications/guidance.

A summary of the site-specific work planned for the Project is presented in Section
H.3.1. During the next phase of the Project, GeoEngineers will consult with DOGAMI
regarding the details for the site-specific geotechnical work needed for design in advance
of construction.

Page H-8 July 2007



Golden Hills Wind Farm — Exhibit H

H.5

H.6

TRANSMISSION LINES

OAR 345-021-0010(2)(h)(D) For all transmission lines, a description of locations along
the proposed route where the applicant proposes to perform site specific geotechnical
work, including but not limited to railroad crossings, major road crossings, river
crossings, dead ends, corners, and portions of the proposed route where geologic
reconnaissance and other site specific studies provide evidence of existing landslides or
marginally stable slopes that could be made unstable by the planned construction.

Response:

The results of work conducted to date suggest that cuts in the loess soils exceeding about
50% slope are potentially unstable. Steeper cuts into basalt bedrock are subject to rock
falls and potentially larger scale mass instability, especially if bedrock joint geometry is
not conducive to maintaining cut stability.

The work conducted to date suggests that project transmission lines do not cross (nor are
near) areas that show gross indicators of landslide (recent, historic, and ancient) activity
or marginal stability.

The power collectors for the Project follow existing roads in some areas and most likely
will be placed underground. During the geologic and soils study, these existing roads
were observed to cross dry creek beds. At these culvert crossings, some stream erosion
(including over-steepened banks) was observed, principally near the culvert crossings.

Native soil and bedrock stability concerns at cuts, fills and culvert crossings will be
addressed during future, site-specific geotechnical studies planned during the design
phase of the Project. This future work will include development of design and
construction recommendations that minimize the potential for destabilizing marginally
stable slopes and minimize the potential for stream erosion at stream crossings.

Future detailed site-specific geotechnical investigation of the proposed transmission line
and power collection alignments will likely be conducted in the third quarter of 2007
(prior to the planned start of construction in 2008).

PIPELINES

OAR 345-021-0010(2)(h)(E) For all pipelines that would carry explosive, flammable or
hazardous materials, a description of locations along the proposed route where the
applicant proposes to perform site specific geotechnical work, including but not limited
to railroad crossings, major road crossings, river crossings, and portions of the proposed
alignment where geologic reconnaissance and other site specific studies provide evidence
of existing landslides or marginally stable slopes that could be made unstable by the
planned construction.
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Response:

No pipelines carrying explosive, flammable or hazardous materials are planned for the
Project.

H.7 SEISMIC HAZARD ASSESSMENT

OAR 345-021-0010(1)(h)(F) An assessment of seismic hazards. For the purposes of this
assessment, the maximum probable earthquake (MPE) is the maximum earthquake that
could occur under the known tectonic framework with a 10 percent chance of being
exceeded in a 50 year period. If seismic sources are not mapped sufficiently to identify
the ground motions above, the applicant shall provide a probabilistic seismic hazard
analysis to identify the peak ground accelerations expected at the site for a 500 year
recurrence interval and a 5000 year recurrence interval. In the assessment, the
applicant shall include:

(i)

(i)

(iii)

(iv)

v)

Identification of the Maximum Considered Earthquake Ground Motion shown at
International Building Code (2003 edition) Section 1615 for the site.

Identification and characterization of all earthquake sources capable of
generating median peak ground accelerations greater than 0.05g on rock at the
site. For each earthquake source, the applicant shall assess the magnitude and
minimum epicentral distance of the maximum credible earthquake (MCE);

A description of any recorded earthquakes within 50 miles of the site and of
recorded earthquakes greater than 50 miles from the site that caused ground
shaking at the site more intense than the Modified Mercalli Il intensity. The
applicant shall include the date of occurrence and a description of the earthquake
that includes its magnitude and highest intensity and its epicenter location of
region or highest intensity.

Assessment of the median ground response spectrum from the MCE and the MPE
and identification of the spectral accelerations greater that the design spectrum
provided in the Oregon Structural Specialty Code (2004 edition). The applicant
shall include a description of the probable behavior of the subsurface materials
and amplification by subsurface materials and any topographic or subsurface
conditions that could result in expected ground motions greater than those
characteristic of the Maximum Considered Earthquake Ground Motion identified
above

An assessment of seismic hazards expected to result from reasonably probable
seismic events. As used in this rule ““seismic hazard” includes ground shaking,
ground failure, landslide, lateral spreading, liquefaction, tsunami inundation,
fault displacement and subsidence.
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H.7.1

Response:

The findings of this assessment are detailed in this Section. Conclusions about seismic
hazard mitigation are presented in Section H.9 of this Exhibit.

Oregon recognizes the 2006 International Building Code, with Oregon Structural
Specialty Code addenda. The site soil is classified per IBC and OSSC guidelines as site
class B.

The site soils generally consist of a relatively thin skin of wind-blown loess silt overlying
Columbia River basalt bedrock. The bedrock depth ranges from at the ground surface to
about 40 feet below ground surface, with an average soil depth of about 15 feet.
Consequently, a soil profile of class C is appropriate for the design of the wind turbine
towers and equipment within the project boundaries. The following table presents the
design parameters provided by IBC for the project soil profile.

Seismic Design Parameters (2006 IBC)

Site Class B
Spectral Response Acceleration (Short Period), Ss 0.469
Spectral Response Acceleration (1-Second Period), Si 0.169
Site Coefficient, F, 1.0
Site Coefficient, Fy 1.0
Damped Response Acceleration (Short Period), Sps 0.31g
Damped Response Acceleration (1-Second Period), Sp; 0.11g

Earthquake Sources

The current understanding of seismicity in Oregon considers three main seismic sources.
Two of the possible earthquake sources are associated with the Cascadia subduction zone
(CSZ), and the third source is comprised of shallow earthquakes that occur within the
North American crust. Since these possible seismic events are anticipated to have
different ground shaking effects on the Project, each earthquake scenario should be
considered individually as the maximum credible earthquake (MCE). The three
earthquake scenarios are discussed in the following paragraphs.

The CSZ is the region where the Juan de Fuca Plate is being subducted beneath the North
American Plate. The present body of evidence suggests that this subduction zone has
generated eight large earthquakes in the last 4,000 years, with the most recent event
occurring about 300 years ago. Two MCE subduction zone earthquake scenarios were
considered in this study: (1) an earthquake on the seismogenic part of the interface
between the Juan de Fuca Plate and the North American Plate on the CSZ with a moment
magnitude (Mw) of 9.0 (interplate event), and (2) a deep earthquake with a Mw of 7.5 on
the seismogenic part of the subducting plate of the CSZ (intraplate event). These
magnitudes are the generally accepted maximum credible events for the CSZ, given the
current level of information regarding subduction zone earthquakes in the Pacific
Northwest.
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Local crustal faults near the Project generally include small thrust faults located just
beyond the southwest corner of the Project. There are also several thrust faults located
many tens of kilometers away from the project area as schematically shown MPE
deaggregation maps (Figures H-5 and H-7).

The thrust fault near the southwest corner of the Project is defined as a non-Quaternary
fault (i.e., shown no signs of disturbing geologic units less than about 1.8 million years
old). The loess that mantles the basalt is about 13,000 to 15,000 years old. The basalt is
between about 15 and 35 million years old.

None of the nearby faults have well-defined slip rates, and one fault near the Project has a
recorded earthquake of unknown magnitude.

It is difficult to select a deterministic model of crustal seismicity without making
unsupportable assumptions regarding fault activity, slip rate, and fracture length. We
represent local crustal seismicity by modeling a magnitude 5 earthquake located 2 miles
from the center of the Project. The selected magnitude of this event exceeds the
magnitude of recorded earthquakes for the nearby faults.

The maximum probable event (MPE) is defined by EFSC as the maximum earthquake
that could occur under the known tectonic framework with a 10 percent chance of being
exceeded in a 50-year period (475-year event). The USGS National Seismic Mapping
Project (2002) reports that the MPE is equivalent to an earthquake that has a magnitude,
Mw of 6.4 and an epicentral distance of 46 miles from the Project.

The maximum credible event (MCE) is defined by EFSC as the maximum earthquake
that could occur under the known tectonic framework with a 2 percent chance of being
exceeded in a 50-year period (2475-year event). The USGS National Seismic Mapping
Project (2002) reports that the MCE is equivalent to an earthquake that has a magnitude,
Mw of 6.2 and an epicentral distance of 22 miles from the Project.

The USGS’s National Seismic Mapping Project also provides probabilistic response
spectra for the 500- and 2500-year return period events based on latitude and longitude.
Figures H-5 through H-8 show the probabilistic and geographic seismic hazard
deaggregations for the 500-year and 2500-year return period earthquake events.

The table below summarizes the computed horizontal peak ground accelerations (PGA)
for the three design earthquakes and the maximum probable earthquake (MPE). The
attenuation equation of Crouse (1991) was used to compute the site response for the two
postulated CSZ events. We used the attenuation equation of Boore (1997) to compute the
site response for the local crustal event.
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Calculated PGA Values

Earthquake Event | Moment Magnitude | Focal Depth (miles) Eplcen(tr:]ai\:elis))lstance PGA(Q)
CSZ Interplate 9.0 15 175 0.12
CSZ Intraplate 75 30 120 0.08

MCE 6.2 -- 22 0.19
MPE 6.4 -- 46 0.09

H.7.2

H.7.3

H.7.4

Notes:
PGA=peak ground acceleration
g=equals acceleration of gravity=32.2 ft/sec?

Recorded Earthquakes

Tables H-1 and H-2 provide a list of recorded earthquakes within 50 miles of the Project
and greater than 50 miles from the Project that caused ground shaking at the Project,
respectively, more intense than the Modified Mercalli (MM) 111 intensity. Table H-1
shows that recorded earthquakes within 50 miles of the Project generally consist of small
events with no apparent pattern or regular recurrence interval.

Median Ground Response Spectrum

Figure H-9 shows a plot of the response spectra for the earthquakes from each of the
three mechanisms capable of causing ground shaking at the Project. The response spectra
were computed for the ground surface and include the effects of amplification from the
project soils. Figure H-9 shows that the IBC design response spectra for a Class B soil
profile envelopes the spectra for the MPE, local crust fault earthquake, and deep Cascadia
subduction earthquake. At response periods longer than about 0.5 seconds, the response
spectra for the magnitude 9 shallow Cascadia subduction earthquake exceeds the IBC
response spectra. We recommend that the proposed wind turbine facilities be designed
for the response spectra shown in Figure H-9.

Seismic Hazards Expected to Result from Seismic Events

The Project is categorized as IBC Seismic Design Category “B” for a type B soil profile
with respect to the design spectral response. Structures designed for this seismic load
coefficient should experience only minor damage, and pose a minimal risk to human
safety, in the event of a 2,500-year return period earthquake.

An earthquake exceeding the 2,500-year event may cause ground shaking accelerations
exceeding the structures’ resisting capacity. In this case, the structures may experience
significant damage and could lead to enhanced risk to human safety. If the structures are
expected to experience only minor damage in the event of an earthquake exceeding the
2,500-year return period should be designed for the maximum ground motion response
spectra resulting from the IBC design spectra for short periods, and CSZ earthquake
spectra for longer periods, shown in Figure H-9.
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H.8

The site topography generally consists of rolling hills, with shallow bedrock depths and a
deep groundwater table. Therefore, the risks of landslides, lateral spreading, liquefaction
settlement, and subsidence at the Project are relatively low. The site is located well
above the nearby Columbia River, so there is essentially no risk for damage from
flooding or tsunami.

NON-SEISMIC GEOLOGIC HAZARDS

OAR 345-021-0010(1)(h)(G) An assessment of soil-related hazards such as landslides,
flooding and erosion which could, in the absence of a seismic event, adversely affect or
be aggravated by the construction or operation of the facility.

Response:

The assessment of the potential for non-seismic geologic hazards at the Project was based
on review of geologic maps and literature, aerial photos, and a detailed site
reconnaissance, as described in Section H.3.2.

Based on work conducted to date, no gross indicators of significant existing, historic, and
ancient geologic or /soil stability hazards were observed during the review and site
reconnaissance of the project area.

Most slopes within the Project boundaries are gentle rolling hills consisting of basalt with
a relatively thin veneer of wind blown silts, which are generally not susceptible slope
stability failures at native slope angles. Steeper and near vertical slopes within the
project area are basalt outcrops that show no signs of instability other than rock falls.
Road cuts in the surficial loess deposits show signs of minor erosion at slopes greater
than about 50% and minor sloughing at slopes greater than about 100%. Cuts in basalt
bedrock were normally very steep (i.e., near or greater than about 100%) and only show
minor to moderate rock falls.

With thick basalt bedrock at very shallow depths throughout the Project, the likelihood of
deep seated slope failures is also very low.

The proposed wind turbine sites are not located on or near unstable slopes that would
pose a significant risk of ground movement or other geologic hazards. In addition the
wind turbine corridors and major structures will be constructed with sufficient setbacks
from all steeper slopes to minimize the potential for creating marginally stable
conditions.

Based on the work conducted to date, the proposed Project can be constructed without
adversely affecting slope stability provided that the geotechnical design study addresses
site grading, cut/fill slope stability, surface water drainage, erosion control, and other
measures that mitigate potential impacts derived from development of the Project. The
geotechnical design study will occur prior to final design and construction.

The project site is situated above regional flood elevation for the area. Consequently,
flooding is not considered a potential hazard. However, localized flooding and erosion,
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derived from flash floods during extreme rainfall events, may be an isolated hazard in
drainageways.

H.9 SEISMIC HAZARD MITIGATION

OAR 345-021-0010(1)(h)(H) An explanation of how the applicant will design, engineer
and construct the facility to avoid dangers to human safety from the seismic hazards
identified in paragraph (F). The applicant shall include proposed design and
engineering features, applicable construction codes, and any monitoring for seismic
hazards.

Response:

The OSSC uses the 2006 IBC, with current amendments by the state of Oregon and local
agencies. Pertinent design codes as they relate to geology, seismicity, and near-surface
soil are contained in IBC Section 1613, with slight modifications by the current
amendments of the state of Oregon and local agencies. The Project will be designed to
meet or exceed these minimum standards. Additionally, a detailed geologic hazard
assessment has been performed for the Project. Although there are no known active,
historic, or ancient landslides within the project area, the proposed wind turbines and
other major project improvements appear to have been sited to avoid potential geologic
hazard areas that could become destabilized by a seismic event. Additionally, the
information collected during the geotechnical design investigation (including
explorations) of the Project will be used to design and construct proposed project
improvements to mitigate potential hazards that could be created during a seismic event.

H.10 NON-SEISMIC HAZARD MITIGATION

OAR 345-021-0010(1)(h)(I) An explanation of how the applicant will design, engineer
and construct the facility to adequately avoid dangers to human safety presented by the
hazards identified in paragraph (G).

Response:

A detailed geologic hazards evaluation has been performed. Although there are no
known active, historic, or ancient landslides within the project area, the proposed wind
turbines and other major project improvements appear to have been sited to avoid
potential geologic hazard areas. In addition, most of the turbine corridors, transmission
line alignment, and major structures will be located atop ridges where no significant site
grading will be required. Also, the results of the geotechnical design investigation will
include recommendations for properly engineered temporary and permanent fill and cut
slopes.

The Project will be subject to a Stormwater General Permit 1200-C, issued by the Oregon
Department of Environmental Quality, and its Erosion and Sediment Control Plan.
Surface water drainage provisions, including gravel-lined drainage ditches, culverts, and
waterbars will also be included for short- and long-term surface water control.
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Erosion control measures to be employed during construction include:

e Installing sediment fence/straw bale barriers at downslope sides of excavations and
disturbed areas.

e Straw mulching and discing at locations adjacent to roads that could be affected.
e Providing temporary sediment traps downstream of intermittent stream crossings.

e Planting designated seed mixes at affected areas adjacent to roads.

Avreas that are affected by construction will be seeded when there is adequate soil
moisture. They will be reseeded in the spring if a healthy cover crop does not grow. The
sediment fences and check dams will remain in place until the affected areas are well
vegetated.

Whenever feasible, roadways will be constructed so that surface drainage coincides with
natural drainage patterns, so diversions through ditches and culverts are minimized.
Surface water will be diverted into natural drainage paths via drainage ditches. Regular
maintenance of drainage facilities will ensure continued proper operation.

Project facilities will be located to avoid potential landslide hazards, and new slopes will
be designed with adequate safety factors against failure. All structures will be
constructed with sufficient setbacks from slopes to mitigate any landslide hazards related
to their construction.
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TABLE H-1
NEIC EARTHQUAKE SEARCH RESULTS

Estimated MM
Intensity at
Year Month Day Latitude Longitude Magnitude Site
1872 12 15 47.90 -120.30 7 4
1873 11 23 42.00 -124.00 6.7 4
1891 3 8 47.50 -121.50 5 4
1892 2 4 45,50 -122.70 5 4
1893 3 7 45,90 -119.30 4.7 4
1896 4 2 45.20 -123.20 5 4
1906 4 23 41.00 -124.00 6.4 4
1909 1 11 49.00 -122.70 6 4
1915 8 18 48.50 -121.40 5.6 4
1932 7 18 47.75 -121.83 5.2 4
1936 7 16 45,97 -118.21 5.7 4
1939 11 13 47.50 -122.50 5.7 4
1944 7 12 44.41 -115.06 6.1 4
1945 4 29 47.40 -121.70 55 4
1946 6 23 49.76 -125.34 7.3 4
1946 2 15 47.40 -122.67 5.7 4
1949 4 13 47.17 -122.62 6.9 4
1953 12 16 45,50 -122.70 5 4
1954 12 21 40.78 -124.17 6.5 4
1959 11 23 46.67 -121.75 4.8 4
1959 8 4 45.68 -122.27 4.7 4
1961 9 16 46.01 -122.13 4.8 4
1961 9 17 46.02 -122.12 51 4
1961 11 7 45.70 -122.40 4.5 4
1962 11 6 45.64 -122.59 5.2 4
1965 4 29 47.40 -122.30 6.7 4
1973 12 20 46.94 -119.25 4.8 4
1974 4 20 46.76 -121.52 4.9 4
1974 4 20 46.76 -121.52 4.9 4
1974 12 13 45.26 -121.60 4.1 4
1975 7 1 45.63 -120.00 35 4
1976 4 13 45,22 -120.77 4.8 4
1976 4 13 45,22 -120.77 4.8 4
1976 4 17 45.08 -120.80 4.2 4
1980 11 8 41.12 -124.25 7.2 4
1980 11 8 41.12 -124.25 7.2 4
1981 2 2 46.28 -120.88 4 4
1981 5 28 46.53 -121.42 4.3 4
1981 2 14 46.35 -122.25 4.6 4
1981 5 28 46.53 -121.41 4.8 4
1981 2 14 46.35 -122.24 55 4
1981 2 14 46.35 -122.24 55 4
1981 6 14 45,95 -120.49 3.1 4
1983 10 28 44,06 -113.86 7.3 4
1983 10 28 43.97 -113.92 7.3 4
1985 2 10 45,86 -119.64 3.7 4
1987 12 2 46.68 -120.67 4.3 4
1988 9 29 45,85 -120.26 3.5 4
1989 3 27 45,82 -120.26 3.1 4
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TABLE H-1
NEIC EARTHQUAKE SEARCH RESULTS

Estimated MM
Intensity at
Year Month Day Latitude Longitude Magnitude Site
1989 12 24 46.65 -122.12 5.1 4
1989 12 24 46.65 -122.12 5.1 4
1989 9 15 45.37 -121.71 3.5 4
1990 10 19 45.34 -121.69 3.5 4
1991 4 20 45.35 -120.14 2.8 4
1991 7 13 42.18 -125.64 6.9 4
1991 8 17 41.82 -125.40 7.1 4
1992 8 7 45.86 -119.59 3.9 4
1993 12 18 45.25 -120.11 3.1 4
1993 3 25 45.03 -122.61 5.7 4
1993 9 21 42.36 -122.04 6 4
1993 9 21 42.31 -122.01 6 4
1994 11 17 45.70 -120.18 2.7 4
1994 9 22 45.69 -120.16 2.9 4
1994 4 13 45.14 -120.85 2.8 4
1995 1 29 47.39 -122.36 5.1 4
1996 5 3 47.76 -121.88 5.5 4
1997 9 10 45.65 -120.20 2.7 4
1997 8 17 45.65 -120.19 2.8 4
1997 11 11 45.85 -120.57 2.8 4
1997 10 13 46.10 -120.36 3.3 4
1997 11 18 46.14 -120.46 3.3 4
1997 3 23 45.20 -120.07 3.4 4
1997 11 18 46.14 -120.47 3.8 4
1997 3 22 45.19 -120.07 3.9 4
1997 4 17 45.19 -120.08 3.2 4
1998 4 28 45.26 -120.28 2.7 4
1998 2 3 45.81 -120.20 3.1 4
1998 10 9 46.20 -120.71 4 4
1998 11 1 45.10 -120.83 2.9 4
1999 7 3 47.08 -123.46 5.8 4
1999 8 31 45.19 -120.09 3.2 4
2000 8 17 45.31 -120.04 3.2 4
2000 1 30 45.19 -120.10 3.4 4
2000 2 1 45.19 -120.11 3.6 4
2000 1 30 45.20 -120.12 4.1 4
2000 1 20 43.65 -127.26 6.4 4
2001 2 28 47.15 -122.73 6.8 4
2002 1 31 45.69 -120.17 2.7 4
2002 6 29 45.34 -121.68 3.8 4
2002 6 29 45.33 -121.69 4.5 4
2006 10 8 46.85 -121.60 4.7 4
2007 1 4 45.12 -120.94 3 4
2007 1 20 45.12 -120.94 3 4
2007 4 8 45.13 -120.94 3.1 4
2007 3 1 45.12 -120.93 3.6 4
2007 2 13 45,12 -120.94 2.9 4
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TABLE H-1
NEIC EARTHQUAKE SEARCH RESULTS

Estimated MM
Intensity at
Year Month Day Latitude Longitude Magnitude Site
Earthquakes Associated with Mount St. Helens
1980 5 16 46.21 -122.18 4.3 4
1980 3 22 46.21 -122.19 4.3 4
1980 4 11 46.21 -122.19 4.3 4
1980 4 13 46.22 -122.17 4.3 4
1980 5 2 46.22 -122.17 4.3 4
1980 5 8 46.22 -122.17 4.3 4
1980 3 28 46.22 -122.18 4.3 4
1980 4 12 46.22 -122.18 4.3 4
1980 4 12 46.22 -122.18 4.3 4
1980 4 16 46.22 -122.18 4.3 4
1980 3 26 46.22 -122.19 4.3 4
1980 3 30 46.22 -122.19 4.3 4
1980 4 6 46.22 -122.19 4.3 4
1980 4 17 46.22 -122.19 4.3 4
1980 4 18 46.22 -122.19 4.3 4
1980 4 29 46.22 -122.19 4.3 4
1980 5 1 46.22 -122.19 4.3 4
1980 4 5 46.23 -122.17 4.3 4
1980 4 19 46.23 -122.17 4.3 4
1980 4 4 46.13 -122.03 4.4 4
1980 4 8 46.21 -122.17 4.4 4
1980 5 5 46.21 -122.18 4.4 4
1980 4 8 46.21 -122.19 4.4 4
1980 4 10 46.22 -122.17 4.4 4
1980 4 14 46.22 -122.17 4.4 4
1980 5 5 46.22 -122.17 4.4 4
1980 4 5 46.22 -122.18 4.4 4
1980 4 21 46.22 -122.18 4.4 4
1980 5 16 46.22 -122.18 4.4 4
1980 3 30 46.22 -122.19 4.4 4
1980 3 31 46.22 -122.19 4.4 4
1980 3 31 46.22 -122.19 4.4 4
1980 4 4 46.22 -122.21 4.4 4
1980 5 10 46.35 -122.03 4.4 4
1980 4 21 46.11 -122.17 4.5 4
1980 4 21 46.11 -122.17 4.5 4
1980 3 31 46.19 -122.18 4.5 4
1980 4 4 46.21 -122.18 4.5 4
1980 5 3 46.21 -122.18 4.5 4
1980 4 4 46.21 -122.18 4.5 4
1980 5 3 46.21 -122.18 4.5 4
1980 3 30 46.22 -122.18 4.5 4
1980 4 1 46.22 -122.18 4.5 4
1980 4 18 46.22 -122.18 4.5 4
1980 4 15 46.22 -122.2 4.5 4
1980 4 1 46.22 -122.18 4.5 4
1980 5 3 46.23 -122.19 4.5 4
1980 4 3 46.23 -122.2 4.5 4
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TABLE H-1
NEIC EARTHQUAKE SEARCH RESULTS

Estimated MM
Intensity at
Year Month Day Latitude Longitude Magnitude Site
1980 4 1 46.21 -122.19 4.6 4
1980 3 30 46.21 -122.18 4.6 4
1980 4 18 46.21 -122.18 4.6 4
1980 3 31 46.21 -122.19 4.6 4
1980 4 1 46.21 -122.19 4.6 4
1980 5 5 46.22 -122.17 4.6 4
1980 5 6 46.22 -122.17 4.6 4
1980 5 9 46.22 -122.17 4.6 4
1980 5 14 46.22 -122.17 4.6 4
1980 4 7 46.22 -122.18 4.6 4
1980 4 22 46.22 -122.18 4.6 4
1980 4 27 46.22 -122.18 4.6 4
1980 4 28 46.22 -122.18 4.6 4
1980 3 31 46.22 -122.19 4.6 4
1980 3 27 46.22 -122.2 4.6 4
1980 5 5 46.22 -122.17 4.6 4
1980 5 9 46.22 -122.17 4.6 4
1980 5 14 46.22 -122.17 4.6 4
1980 4 7 46.22 -122.18 4.6 4
1980 4 22 46.22 -122.18 4.6 4
1980 4 27 46.22 -122.18 4.6 4
1980 4 28 46.22 -122.18 4.6 4
1980 3 27 46.22 -122.2 4.6 4
1980 5 4 46.23 -122.18 4.6 4
1980 5 2 46.23 -122.2 4.6 4
1980 5 4 46.23 -122.18 4.6 4
1980 5 2 46.23 -122.2 4.6 4
1980 5 12 46.25 -122.31 4.6 4
1980 5 12 46.25 -122.31 4.6 4
1980 4 18 46.21 -122.18 4.7 4
1980 4 15 46.21 -122.2 4.7 4
1980 4 29 46.22 -122.17 4.7 4
1980 5 11 46.22 -122.17 4.7 4
1980 5 16 46.22 -122.17 4.7 4
1980 4 10 46.22 -122.18 4.7 4
1980 4 13 46.22 -122.18 4.7 4
1980 4 17 46.22 -122.18 4.7 4
1980 4 18 46.22 -122.18 4.7 4
1980 4 8 46.22 -122.19 4.7 4
1980 4 14 46.22 -122.19 4.7 4
1980 5 7 46.22 -122.19 4.7 4
1980 4 29 46.22 -122.17 4.7 4
1980 5 11 46.22 -122.17 4.7 4
1980 5 16 46.22 -122.17 4.7 4
1980 4 10 46.22 -122.18 4.7 4
1980 4 13 46.22 -122.18 4.7 4
1980 4 17 46.22 -122.18 4.7 4
1980 4 8 46.22 -122.19 4.7 4
1980 4 14 46.22 -122.19 4.7 4
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TABLE H-1
NEIC EARTHQUAKE SEARCH RESULTS

Estimated MM
Intensity at
Year Month Day Latitude Longitude Magnitude Site
1980 5 7 46.22 -122.19 4.7 4
1980 4 11 46.23 -122.17 4.7 4
1980 4 10 46.23 -122.18 4.7 4
1980 4 19 46.23 -122.18 4.7 4
1980 4 6 46.23 -122.19 4.7 4
1980 4 29 46.23 -122.19 4.7 4
1980 4 10 46.23 -122.18 4.7 4
1980 4 19 46.23 -122.18 4.7 4
1980 4 6 46.23 -122.19 4.7 4
1980 4 29 46.23 -122.19 4.7 4
1980 4 23 46.26 -122.01 4.7 4
1980 4 23 46.26 -122.01 4.7 4
1980 5 6 46.36 -122.08 4.7 4
1980 5 6 46.36 -122.08 4.7 4
1980 4 9 46.2 -122.2 4.8 4
1980 4 3 46.21 -122.19 4.8 4
1980 4 11 46.22 -122.16 4.8 4
1980 4 16 46.22 -122.17 4.8 4
1980 4 30 46.22 -122.17 4.8 4
1980 5 9 46.22 -122.17 4.8 4
1980 4 1 46.22 -122.18 4.8 4
1980 4 2 46.22 -122.18 4.8 4
1980 4 18 46.22 -122.18 4.8 4
1980 4 20 46.22 -122.18 4.8 4
1980 4 24 46.22 -122.18 4.8 4
1980 4 11 46.22 -122.16 4.8 4
1980 4 16 46.22 -122.17 4.8 4
1980 4 30 46.22 -122.17 4.8 4
1980 5 9 46.22 -122.17 4.8 4
1980 4 2 46.22 -122.18 4.8 4
1980 4 18 46.22 -122.18 4.8 4
1980 4 20 46.22 -122.18 4.8 4
1980 4 24 46.22 -122.18 4.8 4
1980 4 3 46.23 -122.17 4.8 4
1980 4 3 46.23 -122.17 4.8 4
1980 5 15 46.21 -122.19 4.9 4
1980 4 1 46.21 -122.18 4.9 4
1980 5 15 46.21 -122.19 4.9 4
1980 4 9 46.22 -122.15 4.9 4
1980 4 15 46.22 -122.18 4.9 4
1980 4 16 46.22 -122.18 4.9 4
1980 5 12 46.22 -122.18 4.9 4
1980 4 9 46.22 -122.15 4.9 4
1980 4 15 46.22 -122.18 4.9 4
1980 4 16 46.22 -122.18 4.9 4
1980 5 12 46.22 -122.18 4.9 4
1980 4 5 46.23 -122.19 4.9 4
1980 4 7 46.23 -122.21 4.9 4
1980 4 5 46.23 -122.19 4.9 4
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TABLE H-1
NEIC EARTHQUAKE SEARCH RESULTS

Estimated MM
Intensity at
Year Month Day Latitude Longitude Magnitude Site
1980 4 7 46.23 -122.21 4.9 4
1980 4 1 46.22 -122.18 5 4
1980 4 1 46.22 -122.18 5 4
1980 5 8 46.23 -122.17 5 4
1980 4 3 46.23 -122.22 5 4
1980 5 8 46.23 -122.17 5 4
1980 4 3 46.23 -122.22 5 4
1980 4 25 46.26 -122.18 5 4
1980 4 25 46.26 -122.18 5 4
1980 5 18 46.21 -122.19 5.2 4
1980 5 18 46.21 -122.19 5.2 4
1980 4 14 46.21 -122.19 5.3 4
1980 4 14 46.21 -122.19 5.3 4
1980 5 1 46.21 -122.18 4.3 4
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Table H-2: Earthquakes Greater than 50 Miles Causing Ground Shaking >MM-III

Estimated
MM Intensity

Year Month Day Latitude Longitude Magnitude at Site
1872 12 15 47.9 -120.3 7

1873 11 23 42 -124 6.7 4
1891 3 47.5 -121.5 4
1892 2 455 -122.7 4
1893 3 45.9 -119.3 4.7 4
1896 4 45.2 -123.2 5 4
1906 4 23 41 -124 6.4 4
1909 1 11 49 -122.7 6 4
1915 8 18 48.5 -121.4 5.6 4
1932 7 18 47.75 -121.83 5.2 4
1936 7 16 45.97 -118.21 5.7 4
1939 11 13 47.5 -122.5 5.7 4
1944 7 12 44.41 -115.06 6.1 4
1945 4 29 47.4 -121.7 5.5 4
1946 6 23 49.76 -125.34 7.3 4
1946 2 15 47.4 -122.67 5.7 4
1949 4 13 47.17 -122.62 6.9 4
1953 12 16 45.5 -122.7 5 4
1954 12 21 40.78 -124.17 6.5 4
1959 11 23 46.67 -121.75 4.8 4
1959 4 45.68 -122.27 4.7 4
1961 16 46.01 -122.13 4.8 4
1961 17 46.02 -122.12 5.1 4
1961 11 45.7 -122.4 4.5 4
1962 11 6 45.64 -122.59 5.2 4
1965 4 29 47.4 -122.3 6.7 4
1973 12 20 46.94 -119.25 4.8 4
1974 20 46.76 -121.52 4.9 4
1974 20 46.76 -121.52 4.9 4
1974 12 13 45.26 -121.6 4.1 4
1975 7 1 45.63 -120 35 4
1976 4 13 45.22 -120.77 4.8 4
1976 4 13 45.22 -120.77 4.8 4
1976 4 17 45.08 -120.8 4.2 4
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